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Background and Objective: Despite improvement in medical management, infective endocarditis (IE)
remains a serious disease that may affect children with and without preexisting cardiac conditions with
significant morbidity and mortality. Neurological complications of IE represent the worst with guarded
prognosis. The aim of this study is to describe the incidence, etiology, characteristics, risk factors, and
outcome of children with neurological complications associated with IE.
Material and methods: A retrospective cohort study was conducted from 2009 to 2019 where all pediatric
patients who fulfilled the modified Duke criteria for IE were included. We divided the cases into 2
groups: IE with neurological complications and IE without neurological complications control group. We
compared the two groups statistically and analyzed the results.
Results: We identified 31 (17 male, 14 female) patients with IE. Neurological complications occurred in 7/
31 (23%) patients, mainly in the form of a stroke. Gram-positive microbes were the main causative agents
for IE (52%) followed by gram-negative (14%), then fungal organisms (3%). Univariate analysis identified
the following risk factors for neurological complications: lower body weight, higher C- reactive protein
(CRP) level, and left-sided valvular lesions with P values of (0.0003, 0.0001, and 0.04), respectively.
Although mortality was higher in the neurological complications group, it was 43% in comparison to 21%
in the control group and it did not reach statistical significance (P ¼ .49). Large vegetation size (more than
10 mm) was seen in 57% of patients with neurological complications as compared to 16% in the control
group (P ¼ .052).
Conclusion: Neurological complications occurred in almost a quarter of children with IE. Possible risk
factors include lower body weight, left-sided valvular lesion, and higher levels of inflammatory markers
(CRP). Stroke was the most common neurological complication encountered with possible increased risk
of mortality.
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1. Introduction

Infective Endocarditis (IE) is an unusual life-threatening disease
that results from endocardial surface infection. In a systematic re-
view that involves 10 countries, the incidence of IE ranges from 1.5
to 11.6 cases per 100,000 people per year [1]. Even though strep-
tococci and staphylococci bacteria remain important causative
organisms in around 80% of cases, methicillin-resistant Staphylo-
coccus aureus (MRSA) has become more prevalent over the past
few decades. A study conducted over 15 years reported that 86% of
staphylococcus IE cases were MRSA [2]. In addition, many pub-
lished reports described newhospital-acquired IE with enterococci
and fungal infection [3]. Rheumatic heart disease remains one of
the most common predisposing factors for IE. Its incidence has
declined in the past 2 decades in the developed countries; yet, it is
still a major contributing factor in the developing countries [4]. The
incidence of IE in patients with congenital heart disease has
significantly decreased over the past decades. This is probably due
to antibiotic prophylaxis regimen, advances in cardiac surgeries,
and improvement in intensive care management. In the absence of
predisposing factors, IE may present in a severe form of acute
congestive heart failure and embolic phenomena that may affect
the central nervous system (CNS) [5].

Symptomatic neurological complications usually appear before
the diagnosis of IE with reported incidence of 20%e40% [6].
Neurological complications occur because of embolization from
endocardial vegetation that results in cerebral artery occlusion or
CNS infection. There is paucity in the information related to
neurological complications of IE in children. Hence, we conducted
our study aiming to have a better understanding of neurological
complications in children with IE.

The primary aim of this study is to describe the spectrum of
neurological complications, incidence, and risk factors associated
with pediatric IE. Furthermore, we aimed to compare the clinical,
microbiological, and echocardiographic characteristics between
patients with neurological complications and non-neurological
complications.

2. Methodology

After obtaining approval from the Institutional Research Board,
King Abdullah International Medical Research Center (IRBC/0596/
19), we performed a retrospective chart review and follow up as-
sessments of all pediatric patients diagnosed with IE from 2009 to
2019. The study was performed in a single tertiary center and
included medical and surgical children under 14 years of age
diagnosed with IE according to the modified Duke’s criteria [7]. We
excluded patients who received extracorporeal membrane
oxygenation support from this study.

After reviewing all patients who fulfilled the modified Duke’s
criteria for IE, we identified among them cases with neurological
complications. Patients were divided into two groups: control
group, patients with IE without neurological complications, and
neurological complications group, patients with IE associated with
neurological complications. In both groups, we assessed and
compared various characteristics, including patients’ demographics
(age and gender), type of infective endocarditis (native valve IE or
prosthetic valve), affected valve/s (aortic, mitral, pulmonary, or
tricuspid valves), causal agents (bacterial and fungal), echocardi-
ography findings, size of vegetation, cyanotic or noncyanotic le-
sions, type of cardiac surgery, early and late mortality, other
complications during the course of the disease, and characters of
neurological complications.

We compared both groups by univariate analysis to determine
specific risk factors. We used the chi-square test to compare
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categorical variables and Student’s t-test for continuous variables.
We considered P value less than 0.05 as significant.

3. Results

During the study period, we identified 31 children (17 male and
14 female) with IE. Their average age and weight were (73.5 [55.2]
months and 25.3 [21.7] kg), respectively. Twenty-four subjects
(77%) had no neurological complication in the control group, while
neurological complications occurred in 7/31 (23%) subjects in the
neurological complications group. Table 1 summarizes de-
mographic and patient characteristics in both groups. The neuro-
logical complications group had lower bodyweight of 16.4 (10.9) kg
in comparison to 28 (4.9) kg in the control group with P
value ¼ .0003. We isolated gram-positive organisms from 16/31
(51%) cases, gram-negative organisms from 4/31 (13%), fungal or-
ganism from 1/31 (3%), and no organismwas isolated in 10/31 (35%)
of IE cases. Both groups were statistically indifferent in terms of
microbial causes of IE.

Neurological complications were in the form of a stroke in 4/7
(57%) patients. The first and second cases of ischemic strokewere in
the region supplied by the middle cerebral artery and right
thalamic region (Fig. 1A and B). The third case developed septic
stroke associated with the stenosis of the internal carotid artery
(Fig. 1C). The fourth case presented with hemorrhagic stroke in the
periventricular area and subarachnoid region (Fig. 1D). In case 5
(Fig. 1E), the patient was infected with IE, which led to a left frontal
brain abscess, while in case 6 (Fig. 1F) the patient developed
neurological manifestations presented as delay myelination with
hypoplasia of the posterior corpus callosum. For the last case 7, the
patient was hemodynamically unstable with neurological func-
tional deterioration and succumbed before an imaging study could
be performed. Table 2 and Fig. 1 summarize imaging findings of
computerized tomography or magnetic resonance imaging of pe-
diatric IE cases with neurological complications.

Left-sided heart lesions were present in 43% of neurological
complication cases versus 4% in the control group with P
value ¼ .04. Echocardiography identified vegetation in all cases of
the neurological complication group with 57% of vegetation
measuring >10 mm in size, while echocardiography recognized
vegetation in 75% of the control group cases with only 17% of
vegetation measuring >10 mm in size. Though there was a trend to
have higher neurological complication when vegetation size
is > 10 mm, this trend did not reach statistical significance with P
value of .0528 (Table 1).

The inflammatory marker (CRP) was higher in the neurological
complication group than in the control group with mean values of
100 H 0 mg/L and 36.4 H 12.8 mg/L, respectively, P value ¼ .0001.

The univariate analysis confirmed that lower body weight, left-
sided heart lesions, and higher CRP level were statistically signifi-
cant as a predictor for neurological complications with IE. Because
of the small sample size, a multivariate analysis was not performed
between both groups. Moreover, when we compared the occur-
rence of neurological complications with left-sided cardiac lesions
(3/4) with those of the right-sided cardiac lesions (4/21), we found
a trend toward the left-sided lesion (P ¼ .09); however, the differ-
ence did not reach statistical significance.

4. Discussion

Neurological complications are common and often considered
as the silent complications of IE. Currently, the exact incidence of
neurological complications in IE pediatric patients is still not
established and most reported cases focus on the adult population.
The incidence in previously reported studies was 20%e40%with the



Table 1
Summary of the difference between IE with the neurological complication (n ¼ 7) and control groups (n ¼ 24).

Variable Neurological complication group, n ¼ 7 (%) Control group n ¼ 24 (%) P value

Age in months 62.4 79.1 .19
Weight (ave) 16.4 28 .0003
Gender 4 (57) 13 (54) .89
Male %

Predisposing cardiac risk: .6
Normal structural heart 2 (29) 4 (17)
Presence of cardiac condition 5 (71) 20 (83)

Syndromic features 1 (0) 7 (29) .16
Cyanotic 1 (14) 5 (21) 1
Echocardiography .29
Positive Echo IE 7 (100) 18 (75)
Negative Echo IE 0 6 (25)

Left-side heart lesion 3 (43) 1 (4) .04
Right-side heart lesion 4 (57) 17 (70) .82
Vegetation mass
> 10 mm 4 (57) 4 (17)
< 10 mm 2 (29) 3 (13) .05
No mass detected 1 (14) 17 (70) .66

Microbial causes
Bacterial 3 (43) 13 (54)
Staphylococcus aureus 3 (43) 7 (29)
Streptococcus viridians 0 (0) 4 (16) .69

Gram-negative bacteria 1 (14) 3 (13) 1
Fungal 1 (14) 0 .22
Negative cultures 2 (29) 8 (33) .81

Inflammatory markers: (Ave)
WBC (109/L) 12.9 H 4.8 15 H 11.4 .64
ESR (mm/hour) 38.5 (50) 38.1 .97
CRP (mg/L) 100 36.4 .0001

Need for surgical management of IE (%) 3 (43) 11 (46) .89
PICU length of stay (ave days) 19.6 (18.5) 31 (41) .66
Hospital length of stay (ave days) 57.8 (53.6) 62 (54.6) .62

Mortality (%) 3 (43) 5 (21) .49
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majority of cases linked to vascular events [8]. In a published local
study, 28 out of 80 (35%) adult patients with IE developed neuro-
logical manifestations, with a high incidence of stroke that reached
up to 49% [9]. A study conducted by Asaki and colleagues included
76 pediatric patients with radiology-confirmed ischemic stroke;
they reported IE as the source of CNS embolization in 3% of cases
[10]. In our study, the incidence of neurological complications in IE
patients is 23% (7/31 patients) with 57% of them developed as a
result of vascular events. The range of vascular events in our study
was higher than that reported in literature, including adult pop-
ulations [1,8].

The most commonly reported neurological complications were
infarction with a median incidence of 13%e39% [11]. Emboli
affecting the middle cerebral artery usually lead to hemiplegia,
hemianopia, and other visual impairment. These findings are not
only present in symptomatic patients, but it can also be present in
asymptomatic individuals with IE. A study conducted among 109
patients with IE who did not develop neurological manifestations
showed that 78 (71.5%) patients demonstrated a silent ischemic
lesion in the brain magnetic resonance imaging [12]. Moreover,
intracranial hemorrhage is one of the severe dramatic neurological
complications described in anti-coagulated patients [13]. Other
nonspecific manifestations, though rare, include brain abscess,
meningitis, seizure, and headache [9,14]. Most of these neurological
sequelae can lead to poor functional outcomes [15].

In our study, echocardiography identifies vegetation in 25/31
patients, including all seven patients with neurological complica-
tions. Our data indicate that left-sided IE patients are at higher risk
of having ischemic stroke. Our findings were in concurrence with
previous publications [15,16]. A study conducted byWalker et al. in
which they reviewed 18 patients with stroke due to confirmed IE,
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found that 15 of them (83%) had left-sided heart lesions [17].
Another study conducted over 13 years, reported an incidence of
32% left-sided IE patients complicated with stroke [18]. Moreover,
we reported four patients with neurological complications with
right-sided lesions. Even though the prognosis of right-sided IE is
often excellent, 3/4 patients died mostly due to other comorbid-
ities. On the other hand, new cases of IE have been reported in the
literature, in children with a normal heart. In our patients, 6/31
(19%) had no preexisting cardiac condition. A retrospective study
assessed children with IE and reported that 35.4% of cases occurred
in patients with a structurally normal heart [19]. Another study
showed that 42% of children with IE had no preexisting cardiac
disease [20].

Furthermore, the vegetation of >10 mm in size were likely to be
associated with neurological complications in IE patients. Accord-
ing to Mugge et al., vegetation with large diameter (>10 mm) have
significantly higher incidence of embolic events than smaller
vegetation [21]. Several studies considered vegetation size and
mitral valve involvements to be predictors of neurological com-
plications [13,21]. However, other studies did not agree with this
observation and emphasized on the causal organism. Blood cul-
tures were positive in 68% of our patients, which is different in
comparison to previously published papers. Studies from India
reported a positivity rate between 21% and 47% (22), while litera-
ture from developed countries showed a higher rate of positive
cultures in over 90% of cases [22,23]. Staphylococcus aureus was
found to increase the risk of developing neurological complications
2e3 times more than other microorganisms [23]. Similarly, Staph-
ylococcus aureus was the most identified organism in our patients
with 32% among all cases, including 43% in the neurological
complication group versus 29% in the control group.



Fig. 1. Imaging of 5 patients with IE and neurological complications (a) Case 1: An 11-year-old boy, post-aortic valve replacement developed brucellosis IE that was complicated
with multifocal infections in the left frontal lobe with abscess formation and adjacent gliosis.(b) Case 2: A 9-year-old boy, known to have congestive heart failure and multiple
congenital heart diseases (Arcade mitral valve, severe mitral regurgitation, and atrial septal defect). He presented with symptoms of IE along with left-sided weakness and right
facial weakness. Imaging was performed, which indicated a right thalamic infarct. (c) Case 3: A 4-year-old boy with coarctation of the aorta and atrial septal defect. He was
diagnosed with fungal IE complicated with left-sided weakness and left middle cerebral artery stroke. (d) Case 4: Represents a 2-month-old boy known to have atrial septal defect
diagnosed with MRSA sepsis IE, complicated with left frontal and partial subarachnoid hemorrhage. (e) Case 5: A 1-year-old girl, with Treacher Collins syndrome with bilateral
anotia, Swiss cheese ventricular septal defects, and transposition of great arteries. The patient developed IE complicated with multiple septic infarctions and stenotic cavernous
segment of the right carotid artery. (f) Case 6: A 5-year-old girl, not known to have any cardiac diseases, diagnosed with IE and complicated with right subclavian thrombosis. The
patient developed seizure and hypotonia. Delayed myelination and hypoplasia of the corpus callosum were observed in her brain imaging.

Table 2
Magnetic resonance imaging or computerized tomography of the brain findings in neurological cases.

Patient
number

Brain imaging findings

1 (Fig. 1-a) Left frontal brain abscess and vasogenic edema and left transverse sinus hypoplasia
2 (Fig. 1-b) Right thalamic lacunar infarct
3 (Fig. 1-c) Left middle cerebral artery infarction
4 (Fig. 1-d) Enlarged subarachnoid cerebrospinal fluid spaces with left frontal and parietal scattered subarachnoid hemorrhage. Tiny focus of left frontal periventricular

hemorrhage.
5 (Fig. 1-e) Multiple focal hypodensities represent septic infarction, dense superior sagittal sinus with stenotic cavernous segment of the right internal carotid artery.
6 (Fig. 1-f) Delay myelination for the patient’s age with hypoplasia of the posterior corpus callosum.
7 Imaging studies could not be performed as the patient was hemodynamically unstable and succumbed later.
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The role of inflammatory biomarkers in the prediction of the
prognosis of IE has been investigated thoroughly. A retrospective
study conducted by Cornelissen et al. among patients diagnosed
with IE found that high white blood cells and high CRP levels are
prognosticators of complications in patients with heart diseases
[24]. A large cohort study conducted in Asia emphasized the role of
CRP levels in the prediction of adverse outcomes of IE, including
neurological complications [25]. In our patients, we found signifi-
cantly high CRP levels in patients with neurological complications.
In addition, body weight is one of the factors that some authors
hypothesized as an association with IE poor outcome. Even though
adult population studies did not prove any association between
body weight and neurological complications in IE patients, we
could correlate lower body weight in children as a significant factor
that contributes to neurological manifestations in our paper.
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Timely administration of antibiotics and early cardiac surgery
are usually advocated to reduce the incidence of neurological
complications in IE patients. In addition, retrospective as well as
prospective adult studies are still in debate with regard to the effect
of antiplatelet therapy in IE. A cohort study conducted among adult
IE populations revealed that the use of daily antiplatelets could
decrease the risk of thrombotic events [26]. In contrast, Snygg-
Martin et al. conducted a univariate analysis among 684 left-
sided IE patients and found that a one-year mortality rate was
higher among patients on antiplatelets therapy [27]. Moreover,
there are no guidelines about the use of anticoagulation among
pediatric IE and stroke. The United Kingdom guidelines recom-
mended the use of aspirin therapy at a dose of 5 mg/kg/day in
childhood ischemic stroke due to vasculopathy [1,28]. A retro-
spective review of pediatric IE cases reported a better outcome of
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aspirin in the prevention of CNS complications than in adults [1].
These findings suggest that aspirin could be beneficial in the
reduction of the risk of neurological complications.

Our study had some limitations. First, the data presented in this
study were derived from only one institution, which could affect
the ability to generalize our findings to other facilities. However,
our results are in line with the most recent findings reported in the
literature. Second, the small number of sample size used in this
study limited the scope of the statistical analysis to univariate
analysis.

In conclusion, neurological complications occurred in almost a
quarter of childrenwith IE. Stroke is themost common neurological
complication encountered among children with IE. Left-sided le-
sions are one of the risk factors for patients who develop neuro-
logical complications. Other possible risk factors include lower
body weight and higher levels of inflammatory markers (CRP).
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