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transtorakalni speckle tracking echokardiografické vysetieni.

Vysledky: U vétsiny pacientll byla diagnostikovana pravostranna IE pficitana intravendzni aplikaci omam-
nych latek. Pfes zachovanou ejekéni frakci levé komory (EF LK) vykazovali viichni pacienti pfi pfijmu celko-
vou longitudinélni deformaci (global longitudinal strain, GLS). Nepfiznivé vysledky korelovaly se statisticky
méné negativni hodnotou GLS (p < 0,001) a infekci MRSA (p = 0,043). Hodnota GLS pfi pfijmu korelovala
s hodnotami CRP a prokalcitoninu i velikosti vegetace. Vyssi procenta zlepseni hodnot v pfipadé prokalcito-
ninu, velikosti vegetace i GLS byly pozorovéany u pacientd s pfiznivym vyslednym stavem (p < 0,001). Hodnoty
GLS (p = 0,016; OR 28,97) a velikost vegetace (p = 0,029; OR 4,41) byly statisticky vyznamnymi prediktory
neptiznivého vysledku Iécby. Mezni hodnota GLS > -14,5 % predikovala nepfiznivy vysledny stav se stfedné
vysokou senzitivitou (76 %) a specificitou (65 %) (AUC 0,75; p = 0,002).

Zavér: Subklinicka myokardialni dysfunkce pfi sepsi, zjisténa na zékladé hodnoty GLS, se u pacientl s IE
vyskytuje Casto, zvlasté u pacientl s komplikovanym pribéhem onemocnéni v nemocnici. Hodnoty GLS a ve-
likost vegetace pfi pfijmu nezavisle predikuji nepfiznivy vysledek Iécby. Hodnota GLS LK > -14,5 % muze se
stfedné vysokou pravdépodobnosti pfedpovidat komplikace béhem hospitalizace.
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ABSTRACT

Objectives: To investigate speckle-tracking echocardiography’s role in detecting subclinical myocardial dys-
function in infective endocarditis (IE) patients and predicting in-hospital outcomes.

Methods: We prospectively enrolled 46 patients with active IE. Blood cultures and serology tests were per-
formed, and blood samples for total leucocytic count, C-reactive protein (CRP), and procalcitonin were col-
lected at multiple intervals. Serial conventional transthoracic echocardiography with speckle tracking was
also performed.

Results: Most patients had right-sided IE linked to intravenous drug use. Despite preserved left ventricular
ejection fraction (LVEF), all patients showed impaired global longitudinal strain (GLS) on admission. Poor
outcomes correlated with significantly less negative GLS (p <0.001) and MRSA infection (p = 0.043). GLS on
admission correlated with CRP, procalcitonin, and vegetation size. Higher improvement rates in procalci-
tonin, vegetation size, and GLS were seen in patients with favorable outcomes (p <0.001). GLS (p = 0.016,
OR 28.97) and vegetation number (p = 0.029, OR 4.41) were significant predictors of poor outcomes. A GLS
cut-off >-14.5% predicted poor outcomes with moderate sensitivity (76%) and specificity (65%) (AUC 0.75,

Keywords: p =0.002).

Global longitudinal strain Conclusion: Subclinical myocardial depression detected by GLS is common in IE patients, particularly those
Infective endocarditis with complicated hospital courses. GLS and vegetation number on admission independently predict poor
Speckle tracking echocardiography outcomes. An LV GLS >-14.5% can moderately predict in-hospital complications.
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Introduction

Infective endocarditis (IE) is a heterogeneous disease with
high complication and mortality rates. The prognosis de-
pends on existing comorbidities, the presence of cardiac
devices or valvular prosthesis, and the virulence of the
causative microorganism.'

Left ventricular (LV) function is a powerful predictor of
outcomes in patients with infectious diseases and sepsis.
However, limitations exist in using LV ejection fraction
(EF) to characterize systolic function — geometric assump-
tions, technical issues such as apical foreshortening, and
dependence on loading conditions.?

Strain-imaging by 2D speckle-tracking echocardiogra-
phy (2D-STE) has clinical utility in a variety of settings and
offers superior prognostic value over EF for predicting
major adverse cardiac events. Advantages of using glob-
al longitudinal strain (GLS) to assess LV systolic function
over EF include better reproducibility, ability to identify
subclinical LV dysfunction, non-reliance on geometric as-
sumptions, and lack of influence by tethering effects.?

Patients and methods

This prospective study included patients referred to the IE
working group at Kasr Alaini Cardiovascular Department
between July 2019 and December 2021.

Inclusion criteria

¢ Patients with definitive uncomplicated IE diagnosis ac-
cording to the ESC guidelines 2015.4

e Patients who were destined for medical treatment only.

e Patients with normal baseline LV EF by conventional 2D
trans-thoracic echocardiography (TTE).

e Patients with high-quality images.

Exclusion criteria
¢ Patients with IE presenting with an indication for ur-
gent or emergent surgery.

At least three sets of blood cultures were withdrawn from
all patients before starting antibiotics —with the first and
last samples drawn at least 1 hour apart. Serology tests
were done for Coxiella burnetii, Bartonella species, Brucel-
la species, Legionella pneumoniae, and Aspergillus species.
We recorded different markers of inflammation and infec-
tion on admission and during the hospital course, to moni-
tor treatment response, including total leucocytic count
(TLC), C-reactive protein (CRP), and procalcitonin.

A comprehensive 2D transthoracic echocardiography
was performed within 24 hours of admission using Af-
finiti Philips (Philips Medical Systems, Andover, MA, USA)
equipped with 1-5 MHz X5-1 transducer. All measure-
ments were calculated according to the American Soci-
ety of Echocardiography and the European Association
of Cardiovascular Imaging recommendations.> LVEF was
calculated by the modified Simpson’s biplane method.
IE-related data including vegetation (an echogenic mass
on the endocardium or intracardiac prosthesis with inde-
pendent oscillating motion), and their related site, size,
number and related valvular lesions were recorded.

For the 2D-STE image acquisition, sector size, and
depth were adjusted to achieve optimal visualization of
all LV myocardium in the three standard apical views (4-,
2-, and long-axis view) and parasternal short axis (basal,
mid, and apical levels) at a frame rate between 60 and
100 fps. Images of three consecutive cardiac cycles were
stored digitally for offline analysis with QLab 10 software
(cardiac motion quantification (CMQ); Philips Medical Sys-
tems). The stored grayscale images were analyzed offline
to measure LV deformation performance. Each of the
apical or short-axis views was divided into 6 segments.
The GLS and global circumferential strain (GCS) were av-
eraged from the total 17 segments —the normal value for
GLS is <-20%.°

Patients were divided into two groups according to
their hospital course and clinical outcome. The first group
included patients with favorable hospital course and
outcomes (i.e., good clinical and laboratory responses to
medical treatment defined as subsiding fever with im-
provement in laboratory markers of infection and inflam-
mation in the absence of in-hospital complications). The
second group included those with poor hospital course
or outcome (defined as death caused primarily by un-
controlled infection or the occurrence of complications
during the hospital course that are directly related to the
uncontrolled infection such as NYHA class IlI-IV heart fail-
ure, systemic or pulmonary embolization, or uncontrolled
infection —persistent fever for > 7-10 days despite proper
antibiotic regimen after excluding extra-cardiac or other
causes of fever).*

Follow-up
All patients had repeated TTE studies to follow up on
the previously mentioned echocardiographic parameters
at the following pre-specified timings after initiating
the antibiotic course: 7-10 days, 14-21 days, and predis-
charge. This was paralleled with monitoring temperature
and laboratory markers of infection, as well as recording
any developing complications during the hospital stay.
Patients who developed in-hospital complications, that
prompted altering their management strategy to urgent
intervention, had additional pre-operative TTE and 2D
STE studies.

Informed consent was obtained from all the partici-
pants. The study was approved by our University’s Ethics
Committee in July 2019 (MD-56-19).

Statistical analysis

The data were tested for normality. Continuous variables
were presented as mean = SD for normally distributed
data and median, interquartile range (IQR) for skewed
data. Categorical data were presented as numbers (%).
Comparison between groups was done using Chi-square
and Fischer’s exact tests for categorical data and t-test /
Wilcoxon-Sign test for numerical variables (in normal and
skewed data respectively). Repeated measurement analy-
sis was done for all continuous variables that had serial
measurements. Significant variables in the univariate
analysis were categorized into clinical, laboratory, and
echocardiographic groups, and were entered separately
in a multivariate logistic regression analysis to detect the
most significant predictors of poor outcomes. The Re-
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ceiver Operator Characteristics (ROC) curve was plotted
to detect the cut-off point of GLS at which bad outcomes
significantly increased. Scatter plots were examined be-
tween GLS and all significant continuous variables to de-
tect any correlation, p values were considered significant
at <0.05.

Results

Among 55 patients, 49 patients met eligibility for our
study (four patients were excluded due to acute nephritic
syndrome diagnosis, and two patients had a suboptimal
image quality for strain analysis). Three patients were dis-
charged against medical advice, ending with 46 patients.

Patients with favorable in-hospital outcomes were 24
patients (52.2%) while those with poor outcomes were
22 (47.8%). Poor outcomes included: lack of response to
medical treatment (14 patients,30.4%), pulmonary embo-
lism (21 patients, 45.7%), heart failure (1 patient, 2.2%),
and death (5 patients, 10.9%).

Baseline clinical parameters associated with poor out-
comes are presented in Table 1 and include procalcitonin
level, severity of valve incompetence, size, and number of
vegetations, and MRSA infection.

Baseline speckle tracking echocardiography data
Right-sided infective endocarditis was present in 93.5%
of patients, so the tricuspid valve affection predominat-

ed.

Table 1 - Baseline patients’ data

All patients (n = 46)

Demographics

Age, years 31.8+6.15
Gender, male 37 (80.4%)

Risk factors

IVDU 42 (91.3%)

RHD 1(2.2%)

Valve prolapse 1(2.2%)

Obstetric procedure 2 (4.3%)

Prior IE 1(2.2%)
Comorbidities

Diabetes mellitus 1(2.2%)

HCV positive 17 (37%)

Temperature on admission, °C 38.9 £ 0.67
Lab results

TLC (103/mm?) 16.1 £ 4.47

CRP (mg/dL) 170 £ 80.3

Procalcitonin (ng/ml) 2.2+0.93
TTE volumes

LVEDV (ml) 106 = 14.1

LVESV (ml) 41.7 +6.13
LVEF (%) 60.5 + 3.57
Affected valves

Tricuspid 40 (87%)

Mitral 4 (8.7%)

Pulmonary 1(2.2%)

Mitral and tricuspid 1(2.2%)
Degree of valve incompetence
Severe 32 (69.6%)
Moderate 14 (30.4%)
Number of vegetations 1.6 +£0.61
Size of largest vegetation (mm) 252+64
MRSA infection 22 (47.8%)
MSSA 7 (15.2%)
Negative 15 (32.6%)
Streptococci 1(2.2%)

Favorable outcome (n=24)  Poor outcome (n = 22) p-value
32.8+7.12 30.6 + 4.81 0.24
18 (75%) 19 (86.4%) 0.46
20 (83.3%) 22 (100%) 0.13
1(4.2%) -

1(4.2%) =

2 (8.3%) =

- 1(4.5%)

1(4.2%) - 1.0

5 (20.8%) 12 (54.5%) 0.018
38.62 + 0.57 39.14 + 0.64 0.013
15.3 +3.98 16.96 + 4.88 0.274
141.79 + 65.6 200.59 + 84.86 0.019
1.75 + 0.66 2.7+0.93 <0.001
105.08 + 16.48 105.95 + 11.37 0.7
41.92 + 6.45 41.5+5.89 0.83
61.04 + 3.08 59 +4.04 0.23
20 (83%) 20 (91%) 0.9

4 (16.7%) - 1.0

- 1(4.5%) 1.0

- 1(4.5%) 1.0

12 (50%) 20 (90.9%) 0.003
12 (50%) 2 (9.1%)

1.29 £ 0.46 1.95 £+ 0.57 <0.001
22.79 + 6.07 27.77 £ 5.84 0.006
8(3.3%) 14 (63.6%) 0.04

4 (16.7%) 3(13.6%) 1.0

11 (45.8%) 4 (18.2%) 0.046
1(4.2%) - 1.0

Values are presented as mean = SD and number (%). CRP — C-reactive protein; HCV - hepatitis C virus infection; IE - infective endocarditis;
IVDU - intravenous drug use; LVEDV - left ventricular end-diastolic volume; LVEF - left ventricular ejection fraction; LVESV - left ventricu-

lar end-systolic volume; MRSA — methicillin-resistant Staphylococcus aureus; MSSA - methicillin-sensitive Staphylococcus aureus;

RHD - rheumatic heart disease; TLC - total leucocytic count.
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Fig. 1 - Global longitudinal strain (GLS) changes throughout the
follow-up of the two groups of patients.

Though LVEF by 2D TTEE did not significantly differ be-
tween the two groups, the GLS, and speckle-derived LVEF
on admission were significantly lower in patients who
had poor outcomes (Table 2).

Follow-up data
Patients with favorable outcomes had a substantial de-
crease in vegetation size (p <0.001) and a faster pace of
improvement in procalcitonin and GLS (p <0.001) (Fig. 1).
GLS, GCS, and LVEF showed steady improvement in both
groups during the hospital course (Table 3).

Variations in procalcitonin were the sole significant
early differences between the two groups (p <0.001), as
seen in Table 4.

Correlation between global longitudinal strain

on admission and different parameters of infection
GLS on admission was significantly correlated with the
largest vegetation size on admission and the temperature
(p = 0.02 for both) (Table 5), as well as CRP and procalci-
tonin (p = 0.031 and p = 0.01, respectively), as shown in
Figure 2.

Multi-variate regression analysis of the predictors
of poor in-hospital outcome

Multivariate regression analysis was done using the sig-
nificant clinical, laboratory, and echocardiographic vari-
ables on admission to identify the independent predictors
of in-hospital complications and worse outcomes. Clinical
(HCV infection, degree of valve incompetence, and tem-
perature on admission) and laboratory variables (MRSA
infection, negative cultures, ESR, CRP, and procalcitonin)
did not show significant association with apoor outcome,
while some echocardiographic variables (vegetation size
and GLS) showed the most significant independent asso-
ciation (Table 6). A model for GLS on admission was done
and showed that a GLS cut-off value of >-14.5% had the
highest sensitivity (76%) and specificity (65%) for poor
outcomes, (AUC: 0.75, p = 0.002) (Table 7 and Fig. 3).

Discussion

All patients in this study had subclinical LV dysfunction
upon admission, as shown by impaired GLS (mean -14.4
+ 1.29), despite normal LVEF by 2D TTE. GLS had a sig-
nificant correlation with admission CRP and procalcitonin
levels. Furthermore, the change in GLS during the first 10

Table 2 - Baseline speckle tracking echocardiography data

All patients (n = 46)

GLS, % -14.4 +£1.29 -14.94 £ 1.21
GCS, % -16.6 + 2.22 -16.69 + 1.76
LVEF, % 52.2 + 2.86 52.92 +2.04

Favorable outcome (n = 24)

Poor outcome (n = 22) p
-13.89 + 1.16 0.003
-16.58 + 2.67 0.25
49.32 +2.42 <0.001

Values are presented as mean + SD.

GCS - global circumferential strain; GLS - global longitudinal strain; LVEF - left ventricular ejection fraction.

Table 3 - Change in different laboratory and echocardiographic data throughout follow-up in the two study groups

Favorable outcome (n = 24) Poor outcome (n = 22) p-value
Admission Discharge Admission Discharge*
Laboratory markers
ATLC 15.3 £3.98 7.88 + 1.88 16.96 + 4.88 10.3 £ 4.34 0.45
A CRP 141.79 + 65.6 30.75 £ 22.92 200.6 + 84.86 109.55 + 70.46 0.23
A Procalcitonin 1.75 £ 0.66 0.11 £ 0.07 2.7+0.93 2.26 £ 2.26 <0.001
Echocardiography
Vegetation size 22.79 + 6.07 12.88 + 5.862 27.77 +5.84 22.77 +7.18 <0.001
A GLS -14.94 £ 1.21 -18.5+1.29 -13.89+ 1.16 -15.8 + 1.51 <0.001
A GCS -16.69 + 1.76 -19.58 + 2.1 -16.58 + 2.67 -18+3.1 0.24
A LVEF 52.92 + 2.04 56.25 + 1.82 49.32 £2.42 52.76 + 3.1 0.79

* Discharge in patients with poor hospital course is the last follow-up done before discharge, surgery, or mortality.
CRP - C-reactive protein; GCS - global circumferential strain; GLS - global longitudinal strain; LVEF - left ventricular ejection fraction;

TLC - total leucocytic count.
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Fig. 2 - Correlation of global longitudinal strain with procalcitonin (on the left) and C-reactive protein (on the right) on admission.

Table 4 - Impact of the early rate of change of pertinent variables (from admission till the first follow-up) on outcome

Favorable outcome (n = 24) Poor outcome (n = 22) |
-value
Admission FU 7-10 days Admission FU 7-10 days P
Laboratory markers
ATLC 15.3+3.98 123 £3.28 16.96 + 4.88 13.1£5.01 0.35
A CRP 141.79 + 65.6 109.9 + 63.2 200.6 + 84.86 161.3 + 74.66 0.73
A Procalcitonin 1.75 = 0.66 1.02 + 0.45 2.7+0.93 253+ 1.11 <0.001
Echocardiography
Vegetation size 22.79 £ 6.07 20.2+5.84 27.77 +5.84 25.5+5.84 0.61
A GLS -14.94 + 1.21 -15.9+1.22 -13.89+ 1.16 -14.7 + 0.83 0.86
A GCS -16.69 + 1.76 -17.43+1.3 -16.58 + 2.67 -17.07 £ 3.41 0.44
A LVEF 52.92 + 2.04 53.9+ 2.1 49.32 £2.42 50.7+24 0.47

CRP - C-reactive protein; GCS - global circumferential strain; GLS - global longitudinal strain; LVEF - left ventricular ejection fraction;
TLC - total leucocytic count.

00 - Table 5 - Correlation between global longitudinal strain
! and different markers of infection on admission
GLS Correlation coefficient ()* p-value
CRP 0.34 0.031
> Procalcitonin 0.399 0.01
Largest vegetation size 0.36 0.02
.*E' 50 Temperature 0.34 0.02
g Vegetation number 0.033 0.84
[T}
w
GLS - global longitudinal strain. * Spearman’s correlation
25 - coefficient.
days of hospitalization was significantly correlated with
0 - changes in the CRP levels. These findings support the hy-

T T T T T pothesis that infection has a deleterious impact on left

-100 -7 50 -2 0 ventricular function in IE patients.
1 - Specificity We assessed LV function using STE, a recently proved
more effective approach than standard TTE in detecting
Fig. 3 - ROC curve for GLS on admission to predict poor outcomes. subtle changes in the myocardium in several illnesses.®
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Myocardial dysfunction parameters have been used
as predictors of outcomes in IE regardless of the etiol-
ogy of the hemodynamic impairment.” This was based
on the data from some studies that have confirmed that
low LVEF is a prognostic marker of poor outcome in both
left-sided and right-sided IE.2 Many recent studies have
gained GLS a lot of popularity as an early marker of LV
systolic dysfunction, owing to the longitudinal arrange-
ment of the more vulnerable subendocardial fibers of
the LV in this plane of motion.® In our study, all patients
had an impaired GLS on admission (mean -14.4 + 1.29) as
compared to the normal GLS cut-off value GLS (-20%) in
the latest guidelines,® despite having a normal LVEF by
the conventional 2D echocardiography (mean LVEF = 60.5
+ 3.57). This subclinical myocardial depression could be
attributed to the virulent nature of the disease, particu-
larly in patients with Staphylococcus aureus infection, the
patients’ late presentation, and the potential negative
impact of parenteral medications on LV systolic function.

We also found a significant correlation between GLS
and both CRP and procalcitonin on admission (p = 0.03,
p = 0.01 respectively). Furthermore, changes in GLS dur-
ing the first 10 days of admission correlated significantly
with changes in the CRP levels (r =0.33, p = 0.037). These
findings corroborate our hypothesis that infection has
a deleterious influence on LV function in IE patients. Sev-
eral studies were conducted to investigate the changes
that occur in GLS in patients with sepsis and septic shock,
and their impact on the patients’ outcomes. GLS in pa-
tients with severe sepsis and preserved LVEF was sig-
nificantly lower than in critically ill, non-septic trauma
patients.’® Ng et al. reported similar longitudinal strain
results in patients with septic shock.” In the pediatric
population, Basu et al. reported that GLS was lower in

Table 6 — Multivariate regression analysis of predictors

of poor outcomes

Variable Odds 95% confidence p-value
ratio interval

Vegetation number 28.97 1.88-446.7 0.016

GLS 4.41 1.16-16.76 0.029

GLS - global longitudinal strain.

septic patients than in the control group, while there
was no significant difference in LVEF between the two
groups.’ In our study, patients with poor outcomes had
consistently worse myocardial dysfunction measured
by GLS than those with favorable outcomes. This find-
ing remained statistically significant on admission (p =
0.003) and at the pre-specified intervals of follow-up (p
<0.001), despite a persistently preserved LVEF by TTE in
both groups. This can be explained by the aggressive na-
ture of MRSA infection which was present in 63.6% of
patients with poor outcomes. Furthermore, HCV infec-
tion, which was previously linked to cardiovascular dis-
eases via direct and indirect inflammatory pathways'>-'>
was significantly higher in this group of patients than in
those with favorable outcomes (54.4% versus 20.8%, p
=0.018).

In 2018, Lauridsen et al.’® published the first study to
establish the prognostic value of GLS in the IE popula-
tion and revealed that GLS outperformed LVEF in long-
term outcome risk prediction in patients with left-sided
IE: GLS > -15.4% had a 3-fold increased risk of 1-year
mortality. Adding GLS to the recognized risk factors of
long-term mortality substantially improved risk discrimi-
nation, whereas LVEF provided less additional informa-
tion. In our study, a GLS cut-off value of >-14.5% on ad-
mission could predict poor outcomes with 76% sensitivity
and 65% specificity. This is also consistent with previous
studies on patients with sepsis which suggested defining
LV longitudinal systolic dysfunction at GLS >-15%, as this
cut-off value was associated with poor outcomes.'-"

In 2020, Capotosto et al.?® studied the changes in LV
strain in 17 patients with aortic valve IE versus 15 healthy
controls and found that the GLS, LV torsion, and vegeta-
tion size (by 3D TEE) all predicted worse outcomes — the
three combined gave the highest diagnostic accuracy,
surpassing vegetation size or LV strain alone. Similarly, in
our study, the most significant independent factors that
could predict poor outcomes were the GLS (p =0.016, OR
28.97, 95% Cl 1.88-46.7) and the vegetation number (p =
0.029, OR 4.41, 95% Cl 1.16-16.76).

Our study differs from the two above-mentioned
studies'®?® in two important aspects. First, we predomi-
nantly enrolled patients with right-sided IE; and being
in a tertiary center, particularly during the COVID-19

Table 7 - Sensitivity and specificity of different GLS values to predict poor outcomes

Cut point Sensitivity (%) Specificity (%)
-18 100% 0%
-17 100% 5%
-16 95.24% 10%
-15.5 90.48% 30%
-15 90.48% 35%
-14.5 76.19% 65%
-14 71.43% 65%
-13.5 47.62% 90%
-13 38.1% 90%
-12 4.76% 100%

PPV (%) NPV (%) AUC

51.22% - 0.750
52.5% 100% 0.750
52.63% 66.67% 0.750
57.58% 75% 0.750
59.38% 71.78% 0.750
69.57% 72.22% 0.750
68.18% 68.42% 0.750
83.33% 62.07% 0.750
80% 58.06% 0.750
100% 50% 0.750
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era, most of the patients who presented with aortic, mi-
tral native, or prosthetic valve IE had either a compli-
cated course or an urgent indication for surgery, thus
were excluded from our analysis. Accordingly, 90% of
our studied population had a predominantly right-sided
valvular affection. Intravenous drug use (IVDU) was the
most common underlying cause (91.3% of all patients).
This explains the predominant male gender (80.4%)
and their respective younger age (mean 32 years). The
fact that left-sided IE was under-represented in our
study imposed some limitations, but it well served the
study’s goal of detecting the changes in the left ven-
tricle produced by the infectious disease process rather
than left-sided valvular affection. Second, in addition to
the baseline assessment of speckle-derived parameters,
our patients underwent serial follow-up measurements
to explore the possible impact of the rate of change in
these parameters on the outcome.

Our study demonstrated that the LV EF derived from
STE was relatively lower than the values derived from the
conventional echocardiography on admission (52.2 + 2.86
versus 60.5 + 3.57). This finding reflects the superiority of
the STE technique in detecting changes in the longitudi-
nal and radial motion of myocardial fibers compared with
the conventional two-dimensional echocardiography-de-
rived EF.

The mortality rate in our study was 11%, which is low-
er than that 27.1% reported in the Egyptian IE registry
by Rizk et al.?' This can be explained by the better over-
all prognosis of patients with isolated right-sided IE than
left-sided disease, as described by Stavi et al (2.6% versus
17% respectively, p = 0.037.22 Data from the Egyptian IE
registry?' also reported an overall in-hospital complica-
tion rate of 39.4% in a population of left and right-sided
IE, while in our study, 48% of patients had a complicated
in-hospital disease course. The late presentation with
subsequent delayed appropriate management and the
aggressive Staphylococcus aureus infection could explain
this high rate of complications.

Limitations

The study was conducted during the COVID-19 pandemic
with generalized restrictions in hospital admissions re-
sulting in a small sample size. As a tertiary center, many IE
patients were referred with a complicated disease course
and were excluded from the study, further reducing the
sample size. Left-sided IE patients were under-represent-
ed in our study. The delayed presentation of the patients
hinders applying the results to early disease presenters.
Our study also lacked detailed data on the nature and
duration of drug abuse.

Conclusion

Subclinical myocardial depression, detected by GLS, was
present in IE patients, but was lower, and showed less
improvement in those with poor in-hospital outcomes.
GLS and vegetation number on admission were indepen-
dent echocardiographic predictors of poor outcomes. GLS

008_0015_Puvodni_sdeleni_Elamragy.indd 14

>-14.5% could predict in-hospital complications with
moderate sensitivity and specificity.

Conflict of interest
None declared.

Funding

The authors declare that no funds, grants, or other sup-
port were received during the preparation of this manu-
script.

Ethical statement and consent to participate

This study was performed in line with the principles of
the Declaration of Helsinki. Approval was granted by the
Cairo University Ethics Committee in July 2019 (MD-56-
19). All patients provided their written informed consent
to participate in the study. Clinical trial number: not ap-
plicable.

Consent for publication
Not applicable.

References

1. Murdoch DR, Corey GR, Hoen B, et al. Clinical presentation,
etiology, and outcome of infective endocarditis in the 21st
century: the International Collaboration on Endocarditis-
Prospective Cohort Study. Arch Intern Med 2009;169:463-473.

2. McGowan JH, Cleland JGF. Reliability of reporting left
ventricular systolic function by echocardiography: A systematic
review of 3 methods. Am Heart J 2003;146:388-397.

3. Collier P, Phelan D, Klein A. A Test in Context: Myocardial
Strain Measured by Speckle-Tracking Echocardiography. J Am
Coll Cardiol 2017;69:1043-1056.

4. Habib G, Lancellotti P, Antunes MJ, et al. 2015 ESC Guidelines
for the management of infective endocarditis. Eur Heart J
2015;36:3075-3128.

5. Lang RM, Badano LP, Mor-Avi V, et al. Recommendations
for Cardiac Chamber Quantification by Echocardiography
in Adults: An Update from the American Society of
Echocardiography and the European Association of
Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging
2015;16:233-271.

6. Tops LF, Delgado V, Marsan NA, Bax JJ. Myocardial strain to
detect subtle left ventricular systolic dysfunction. Eur J Heart
Fail 2017;19:307-313.

7. Lauridsen TK, Park L, Tong SYC, et al. Echocardiographic
Findings Predict In-Hospital and 1-Year Mortality in Left-
Sided Native Valve Staphylococcus aureus Endocarditis. Circ
Cardiovasc Imaging 2015;8:1-9.

8. Mi MY, Nelson SB, Weiner RB. Clinical and Echocardiographic
Factors Associated With In-Hospital Mortality in Patients With
Infective Endocarditis Affecting the Native Tricuspid Valve. Am
J Cardiol 2016;118:739-743.

9. Dandel M, Lehmkuhl H, Knosalla C, et al. Strain and Strain
Rate Imaging by Echocardiography — Basic Concepts and
Clinical Applicability. Curr Cardiol Rev 2009;5:133-148.

10. Dalla K, Hallman C, Bech-Hanssen O, et al. Strain
echocardiography identifies impaired longitudinal systolic
function in patients with septic shock and preserved ejection
fraction. Cardiovasc Ultrasound 2015;13:30.

11. Ng PY, Sin WC, Ng AKY, Chan WM. Speckle tracking
echocardiography in patients with septic shock: a case control
study (SPECKSS). Crit Care 2016;20:145.

12. Basu S, Frank LH, Fenton KE, et al. Two-dimensional speckle
tracking imaging detects impaired myocardial performance
in children with septic shock, not recognized by conventional
echocardiography. Pediatr Crit Care Med 2012;13:

259-264.

27/02/2026 14:02:46



A. A. Elamragy et al.

15

13.

14.

16.

17.

008_0015_Puvodni_sdeleni_Elamragy.indd 15

Zampino R, Marrone A, Restivo L, et al. Chronic HCV infection
and inflammation: Clinical impact on hepatic and extra-hepatic
manifestations. World J Hepatol 2013;5:528.

Adinolfi LE. Chronic hepatitis C virus infection and
atherosclerosis: Clinical impact and mechanisms. World J
Gastroenterol 2014;20:3410.

Nevola R, Acierno C, Pafundi PC, Adinolfi LE. Chronic hepatitis

C infection induces cardiovascular disease and type 2 diabetes:

mechanisms and management. Minerva Med 2021;112:
188-200.

Lauridsen TK, Alhede C, Crowley AL, et al. Two-dimensional
global longitudinal strain is superior to left ventricular ejection
fraction in prediction of outcome in patients with left-sided
infective endocarditis. Int J Cardiol 2018;260:118-123.

De Geer L, Engvall J, Oscarsson A. Strain echocardiography in
septic shock — a comparison with systolic and diastolic function
parameters, cardiac biomarkers and outcome. Crit Care.
2015;19:122.

18.

20.

21.

22.

Dalen H, Thorstensen A, Aase SA, et al. Segmental and global
longitudinal strain and strain rate based on echocardiography
of 1266 healthy individuals: The HUNT study in Norway. Eur J
Echocardiogr 2010;11:176-183.

Yingchoncharoen T, Agarwal S, Popovi¢ ZB, Marwick TH.
Normal ranges of left ventricular strain: A meta-analysis. J Am
Soc Echocardiogr 2013;26:185-191.

Capotosto L, Ciardi M, Tanzilli G, et al. Abstract 323: Three-
dimensional Transesophageal Echocardiography and Speckle
Tracking Echocardiography in Infective Aortic Endocarditis:
Analysis of Parameters Predictors of Outcome. Circulation
2020;142(Suppl_4).

Rizk HH, Elamragy AA, Youssef GS, et al. Clinical features

and outcomes of infective endocarditis in Egypt: an 11-year
experience at a tertiary care facility. Egypt Heart J 2019;71:17.
Stavi V, Brandstaetter E, Sagy |, et al. Comparison of Clinical
Characteristics and Prognosis in Patients with Right- and
Left-sided Infective Endocarditis. Rambam Maimonides Med J
2019;10:e0003.

27/02/2026 14:02:46




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


