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Objectives: /nfective endocarditis is still one of the important fatal diseases in Korea, espe-
cially when systemic embolisms are supervene. So, identification of patients who are in the
high risk of embolism and who can be helped by early surgical intervention is very important.
Considering these, we tried to elaborate the risk factors for the sy stemic embolism in patients
with an Infective endocarditis and the influence of systemic embolism on the mortality and
morbidity in patients with an infective endocarditis.

Methods: We retrospectively reviewed the clinical records of 97 patients who were
admitted with the infective endocarditis between January 19883 and October 1993.

Results: Among 97 patients, 80 patients met our diagnostic criteria. The mean age of pa-
tients was 38 years old. There were 43 males and 37 females. The mean duration of fever
since the fever developed by history was 38 days. Valvular heart disease was the most fre-
quent underlying heart disease. Mitral regurgitation and aortic regurgitation were the most
common among valvular heart diseases. Pneumonia and acute pharyngotonsillitis were the
most frequent predisposing factors of infective endocarditis. Blood cultures were positive in
51 patients (63.8%). Streptococcus viridans was the organism isolated most frequently, and
Staphylococcus aureus was the second most frequently isolated one. Vegetations were de-
tected in 58 patients (76.3%) by an echocardiography. Mitral valve and aortic valve were the
most frequently involved. Incidence rate of embolism was 50% and the most frequent embo-
lism site was the central nervous sy stem and extremities were the next. Embolism occurred at
the mean of 37 days after onset of fever. Overall in-hospital mortality rate was 26.3% and a
cardiac-origin was the major cause of death. The only statistically significant risk factor for
mortality was systemic embolism. The analy sis of the relation between an incidence of em-
bolism and the muitivariables(age. presence of vegetation, location of vegetation, size of veg-
etation, causative organisms) showed that only the growth of Staphylococcus aureus had a
significant trend toward a risk of subsequent sy stemic embolism.

Conclusion: This study suggests that systemic emboli increases the mortality rate in pa-
tients with infective endocarditis. Age of patients. presence of vegetation, size and location of
vegetation are not the risk factors for embolism, while certain organism, especially Staphylo-
coccus aureus, could be a risk factor for the sy stemic embolism.
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In recent years, the prognosis of patients with
an infective endocarditis has improved as a
result of advanced diagnosis, better antimicrobial
therapy, earlier detection and surgical manage-
ment of complications. In Korea, however, the in-
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fective endocarditis is one of the important fatal
diseases”, and especially systemic embolism is
one of the common and serous complications as-
sociated with the infective endocarditis'®. Be-
cause embolisms can result in an irreversible
organ dysfunction or death, prevention of embo-
lisms and elective valve replacement in patients
at high risk of embolism has been recommended.
But which patients are more susceptiabie to the
embolism and which patients are at the high risks
of systemic embolism are the questions which
need further investigation. So, identification of
patients who are at the high risk of systemic em-
bolism is very valuable to prevent an irreversible
organ damage or death from the infective endo-
carditis.

Echocardiography, particulary two dimentional
echocardiography with color flow image and
Doppler study. is useful in diagnosing an infective
endocarditis. These methods help to detect veg-
etations on the heart valves or other lesions and
also to demonstrate, without invasive investiga-
tion, serious hemodynamic alternations and seri-
ous structural damage requiring surgical treat-
ment. Valvular vegetations are visualized by ech-
ocardiography in 42% to 86% of cases**'*'”, the
prescence or larger size of vegetation has been
considered to increase the risk for embolic
eventst®'y.

We did a retrospective study to determine the
risk factors for the development of systemic em-
bolism in patients with an infective endocarditis
and also to assess the influence of the systemic
embolism on the mortality and the morbidity in
patients with an infective endocarditis.

MATERIALS AND METHODS

1. Study Groups

We retrospectively reviewed the medical re-
cords of 97 patients who had bean admitted
with an infective endocarditis in Kangnam St.
Mary’s Hospital, St. Mary 's Hospital and St. Paul
s Hospital from January 1983 to October 1993.
Among 97 patients, 80 patients met at least one
of the following diagnostic criteria for an infec-
tive endocarditis.

1) a direct evidence of an infective endocardi-
tis at surgery or culture of embolus(14 patients).

2) two or more positive blood culture with
three or more of the following conditions: pres-

ence of fever(>387), underlying heart disease,
new regurgitant - murmur, systemic embolism,
vegetations(31 patients).

3) positive blood cultures with fever, underly-
ing heart disease or new regurgitant murmur(23
patients).

4) negative blood cultures with fever, underly-
ing heart disease, vegetations or systemic embo-
lism(12 patients).

2. Echocardiography

Among 80 patients, 76 patients went through
technically adequate echocardiographic exami-
nations. M-mode and two-dimentional echo-
cardiography with Doppler study was performed
using Hewrett-Packard SONQS 1000 and 2.5
MHz transducer. Images were recorded on strip
chart papers, pictures or videotape. A definite
valvular vegetation was defined as a distinct
echogenic mass associated with a valvular leaf-
let or supporting valvular structure. Maximal
length and width of vegetations were measured
by either freeze-frame videotape analysis or the
picture analysis with a ruler. Valvular regurgita-
tion was assessed by Doppler pulsed wave map-
ping.

3. Embolisms

An embolic event was defined as the acute
onset of organ system dysfunction consistent
with ischemia, based on objective changes found
during physical axamination or on serial laborato-
ry and radiologic studies. Cerebral embolisms
were confirmed by brain CT; peripheral embo-
lisms by arterial angiography, pulmonary embo-
lisms by serial chest PA and lung perfusion scan,
kidney and splenic infarctions by sonography.
But immune complex phenomena, microvascular
emboli such as cutaneous microinfarctions and
embolisms occurred before admission were not
included.

4. Data Analysis

Factors associated with the embolism and the
mortality were determined using chi-square test
and Fisher’s exact test(two-tail). Stepwise mul-
tiple logistic regression analysis was used to de-
termine the risk factors for mortality. Significant
statistical analysis was established at P-value
less than 0.05.
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RESULTS

The patients’clinical characteristics are sum-
marized in Table 1. The age range of 80 patients
was 11 to 73 years(mean age + SD: 38 +17
years). There were 5 patients aged below 15
years and 24 patients aged above 50 vears.
There were 43 males and 37 females. The mean
duration of fever was 38+31 days(range: 3 to
130 days). The embolic events occurred at the
mean of 37 days after fever had developed. The
most frequent subjective symptoms were fever,
chilling, dyspnea and cough, while the most fre-
quent physical signs were murmur, fever, hepa-
tosplenomegaly and rale. In laboratory findings
on admission, leukocytosis, hematuria, proteinuria
and anemia were the most frequent ones(Table
2).

Valvular heart disease(50 cases, 62.5%) was
the most frequent underlying heart tesion and,
among them, 12 cases were confirmed to rheu-
matic origin and 38 patients had either mitral re-
gurgitation{n=20) or aortic regurgitation(n=18).
16 cases(20%) had congenital heart diseases, of
which the most common cause was ventricular
septal defect(9 cases, 11%). 7 cases(8.8%) had
mitral valvular prolapse, while 2 cases had endo-
carditis on the prosthetic valve, and 2 patients
had had an endocarditis in the past(Table 3).

The definite predisposing factors could be
identified in 44 patients(55%). Of these, pneumo-
nia and acute pharyngotonsillitis accounted for a
large number of cases(11 and 10 respectively).
A history of dental manipulation or periodontitis
was associated in 8 patients(18.2%) and pos-
tabortal sepsis or puerperal sepsis accounted for
only 2 cases(4.5%). Otitis media, chronic renal
failure with hemodialysis, aplastic anemia, and
pyoarthritis were revealed to be a predisposing
factor of infective endocarditis, respectively
(Table 4).

Table 1. Clinical Characteristics of 80 Patients

Mean age + SD(years) 38+17
Age distribution(years) — below 15 5( 6.2%)
E15—50 51(63.8%)

above 50  24(30%)

Sex ratio(M:F) 43:37
Mean duration of fever + SD(days) 38+ 31
Mean interval from fever onset to 37+30

embolic event + SD{days)
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Table 2. Symptoms, Signs and Laboratory Findings on

Admission
Clinical findings No (%)
Subjective symptoms
Fever 76 (95)
Chill 38 (47.5)
Dyspnea 34 (42.5)
Cough 32 (40)
Malaise 20 (25)
Headache 18 (22.5)
Nausea & vomiting 18 (22.5)
Chest pain 15 (18.8)
Myalgia 13 (16.3)
Physical signs
Murmur 76 (95)
Fever 74 (92.5)
Hepatomegaly 28 (35)
Rale 26 (32.5)
Splenomegaly 18 (22.5)
Arrhythmia 9 (11.3)
Conjuntival hemorrhage 6 (7.5)
Petechia 5 (6.3)
Splinter hemorrhage 4 (5)
Laboratory findings
Leukocytosis 40 (50)
Hematuria 33 (41.3)
Proteinuria 32 (40)
Anemia 24 (30)
Hyponatremia 20 (25)
Table 3. Underlying Heart Disease
Valvular heart disease 50 (62.5)
Mitral reguritation 20 (25)
Aortic regurgitation 18 (22.5)
Mitral stenosis 6 (7.5)
Aortic stenosis 2 (2.5)
Others 4 {(5)
Congenital heart disease 16 (20)
vSD 9 (11.3)
PDA 3 (3.2)
TOF 2 (2.5)
ASD 1 (1.3)
Bicuspid aortic vaive 1 (1.3)
Mitral valve prolapse 7 (8.8)
Prosthetic valve disease 2 (2.5)
Previous infective endocarditis 2 (2.5)
Unknown 4 (5)

VSD:Ventricular septal defect,
ASD:Atrial septal defect
TOF:Tetralogy of Fallot,
PDA Patent ductus arteriosus
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Blood cultures were positive in 51 patients
(63.8%), and streptococcal species constituted
the largest number of isolates(25 cases, 50%).
followed by staphylococcal species(17 cases,
34%). Streptococcus viridans{20 cases) and
Staphylococcus aureus(12 cases) were the
major isolated organisms. Gram negative organ-
isms were isolated in 8 cases(16%), of which
Klebsiella and Saimonella were isolated in 2 cases
each(Table 5).

Table 4. Predisposing Factors

Factors No (%)
Known cases 44 (55)
Pneumonia 11 (25)
Acute pharyngotonsillitis 10 (22.7)
Dental extraction or periodontitis 8 (18.2)
Pyoderma 6 (13.6)
Urinary tract infection 3 (7.1)
Septic abortion or child birth 2 (4.5)
Otitis media 1 (2.8)
CRF*® and hemodialysis 1 (2.8)
Aplastic anemia 1 (2.8)
Pyoarthritis 1 (2.8)
Unknown cases 36 (45)
* CRF:.Chronic reanl failure
Table 5. Causative Organisms
Organisms No (%)
Gram positive 43 (84)
Streptococcal species 25  (50)
Streptococcus viridans 20(40)
Streptococcus fecalis 2 (4)
Streptococcus agalacticae 2 (4)
Streptococcus group A 1 (2)
Staphylococcal species 17 (34)
Staphyiococcus aureus 12(24)
Staphylococcus epidermidis 2 (4)
Staphylococcus coagulase ne- 3 (6)
gative
Bacillus®™ 1 (2)
Gram negative 8 (18)
Klebsiella pneumoniae 2 (4)
Salmonella typhi 2 (4)
E. coli 1 (2)
Enterobacter aerogenes 1 (2)
Acinetobacter 1 (2)
Proteus 1 (2)
Total 51/80 (63.8)
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Technically adequate echocardiogram. were
obtained in 76 of 80 patients. Vegetations were
detected in 58(76.3%) out of 76 patients, and
there was a total of 83 vegetations. Of involved
valves of vegetations, mitral valves and aortic
valves were the most frequently involved valve
and 6 patients had both aortic and mitral valve
involvement. There were 6 extravalvular vegeta-
tions(2 in the right ventricular outflow tract and
2 in the interventricular septum)(Table 6).

Among 58 patients who had the vegetations
through the echocardiogram, 37 patients had the
measurable vegetations of 52. Of these, size of
vegetations ranged from 5 to 25 millimeter and
17 patients had vegetations with a long diameter
below 10 millimeter, while 20 patients had vege-
tations larger than 10 millimeter in diameter
(Table 7).

Embolic events occurred at 50 sites in 40 pa-
tients(50%). The locations of embolisms were
central nervous system(26 cases), lower ex-
tremity(11 cases), kidney(4 cases). lung(3 cas-
es), upper extremity(2 cases), spleen(2 cases)
and coronary vessel(2 cases)(Table 8).

There were 21 deaths which resuited in over-
all in-hospital mortality of 26.3%. Cardiac-origin
secondary to congestive heart failure, acute my-
ocardial infarction and conduction block were
the major cause of deaths in 8 patients(38%). 3
patients had ventricular tachyarrhythmias. Cere-

Table 6. Sites of Vegetations

Sites No (%)
Mirtal valve 31 (b2.5)
Mortic valve 16 (27.1)
Mitral and aortic valve 6 (10.2)
Tricuspid valve 4 (6.7)
Pulmonic valve . 1 (1.7)
Right ventricular outflow tract 2 (3.4)
interventricular septum 2 (3.4)
Others 2 (3.4)

Total number of pt. with 58/76" (72.5)

vegetation:

" Technically adequate echocardiogram were ob-
tained in 76 of 80 patients

Table 7. Size of Vegetations

Size No (%)
<10mm 17 (48)
>10mm 20 (54)
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bral hemorrhage, including mycotic aneurysmal
rupture, cerebral infarction, sepsis and multiorgan
failure, was found to be the cause of the deaths
of 2 patients. 2 patients died suddenly(Table 9).
Table 10 shows that the embolism was the
only statistically significant risk factor related to
mortality and it’s relative risk was 3.2. Presence
of vegetation, locations of vegetation, size of
vegetation, causative organisms and operation
were not associated with an increased Table 11
shows the relation of multivariables(age, pres-
ence of vegetation, location of vegetation, size
of vegetation, and causative organisms) to inci-
dence of embolism. Of 40 patients with systemic
embolisms, 11 patients’ age was over 50 years,
30 patients had one or more vegetations. 21 pa-
tients had vegetations on mizail valve, 9 patients
on aortic valve; 11 patients had vegetations with
size over 10 milimeter in diameter. Streptococ-
cus viridans were isolated in 10 patients and
Staphylococcus aureus in 9 patients. There was
a trend toward a greater risk of subsequent
systemic embolism in patients with Staphylococ-

Table 8. Locations of Embolism

locations No (%)
CNS 26 (52)
Lower extremity 11 (22)
Kidney 4 (8)
Lung 3 (6)
Upper extremity 2 (4)
Spleen 2 (4)
Coronary vessel 2 (4)
Tatal 50

Table 9. Causes of Death

Causes No (%)
Cardiac-origin* 8 (38)
Ventricular tachyarrhythmia 3 (14.3)
Cerebral hemorrhage # 2 (9.5)
Cerebral infarction 2 (9.5)
SEpsis 2 (9.5)
Multiorgan failure 2 (9.5)
Unknown sudden death 2 (9.5)
Total 21/80 26.3

* Cardiac-origin include that secondary to con-
gestive heart failure, acute myocardial infarc-
tion, and conduction block.

# Cerebral hemorrhage include mycotic aneu-
rysmrypture
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Table 10. Risk Factors for Mortality

P-value
Factors Univariate Multivariate
Age 0.064 0.054
Presence of vegetation 0.044 NS
Locations of vegetation 0.092 NS
Size of vegetation 0.083 NS
Embolism 0.033 0.037
Causative organisms 0.97 NS
Qperation 0.110 NS
Statistical significance:p <0.05
Table 11. Risk of Embolism
Embolism
Factors (+) (=) p-value
(n=40)(n=40)
1) Age 2561(n=24) 1M 13
<50(n=56) 29 27 081

2) Vegetation{(+)(n=59) 30 29 1.0
Vegetation(—)}n=21) 10 11

3) Location of vegetation
Mitral valve(n=31) 21 10 0.64
Aortic valve(n=186) 9 7

4) Size of vegetation

=10(n=20) 11 9
<10(n=17) 11 6 0.79
5) Organisms
Staphylococcus aureus™ 9 3
(n=12)
Streptococcus viridans 10 10
(n=20) 0.08
Gram negative bacterias 2 6
(n=8)

Statistical significance:p <0.05
*Only Staphylococcus aureus has a significant
treand for embolism by trend analysis.

cus aureus infection. However, this trend was
not statistically significant.

DISCUSSION

We examined 80 consecutive cases of infec-
tive endocarditis seen over a 10 year period.
Clinically our report is different from the reports
from western countries, India and Taiwan. The
majority of the reports from the western coun-
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tries can be summarized as follows: older age of
patients”, less the mortality and the incidence of
infective endocardits caused by the rheumatic
heart disease'” more frequent Staphylococal en-
docarditis®, more association with intravenous
drug abuser®'’, mitral valve prolapse and pros-
thetic valve*” and so forth. According to a re-
cent report from India(developing country), most
of patients were young, and a large number of
patients had underlying rheumatic heart disease,
and puerperal sepsis were the most common
predisposing factor. Staphylococcus aureus was
the most frequent causative organism, an
echocardographic detection rate of vegetation
was 63%, and overall mortality rate was 25%'".
Our result is similar to Taiwan in many aspects'®.
For example, age distribution, mean age, sex
ratio, clinical features, major infecting organisms,
detection rate of vegetation, ivolved valves,
mortality rate, and cause of death in our study
are similar to those of Taiwan’s report'®, but un-
derlying heart disease, predisposing factors, and
embolic rate are different. During the analysis,
there were a lot of difficulty confirming rheumat-
ic heart disease as an underlying cause of infec-
tive endocarditis. Although infective endocarditis
originated from rheumatic heart disease was
confirmed at only 12 patients(15%) in our study
because of poor methods to confirm, we sus-
pect that more patients could be classified as in-
fective endocarditis originated from rheumatic
heart disease, which might be similar level to
those of india and Taiwan'*'*. In our study of 80
patients with infective endocarditis, 76.3% had
an echocardiographic vegetation. The prevalence
of vegetations detected by echocardiography in
previous studies ranged from 42% to 86%''".
The detection rate depend on the group of pa-
tients studied, the echocardiographic methods
used and echocardiographic abnormalities defin-
ing a vegetation. We define vgetation when we
saw specific findings of vegetation on echo-
candiography. All the studies regarding the rela-
tionship between echocardiographic features of
vegetations and the risk of embolism are difficult
to interpret because of the small number of pa-
tients in all series, the varying definition of embo-
lism and inclusion of patients who have already
had an embolism by the time echocardiography
was performed because most of the hospitals
were tertiary referral centers. In our analysis,
however, embolic event was defined clinically
and radiologically, and combolic episodes to skin

and embolisms occurred before admission were
excluded because they did not contribute direct-
ly to the morbidity and the mortality. Several
studies have reached conflicting conclusions
about the relation between the echocardio-
graphically visualized vegetations and the fre-
guency of embolic events in endocarditis, some
suggesting an association® but others not'*'".
According to some studies, the incidence rate of
embolism was at least two times as high in the
group with the vegetations = 10 millimeter as in
the group with no vegetation or the vegetations
<10 millimeter'™'”, but other studies showed
that echocardiographically measured size of veg-
etation and systemic embolisms have no relation-
ship to each other®. Qur results also did not
show the significant relationship between vege-
tation’s presence or it's size and systemic embo-
lism,

The overall in-hospital mortality rate of 26.3%
for patients with infective endocarditis is consid-
erably higher than that of western countries(10
%)™, and almost equal to those of India, Taiwan,
and the other Korean study (25%, 22%. 23.3%
respectively)*'*". Although early diagnosis, and
proper antimicrobial therapy might decrease
death rate, early surgical intervention to high risk
patients might be a major factor for this differ-
ence. In fact, more recent series suggested that
mortality could be reduced to 10 to 13% by sur-
gical intervention. This was specially so in pa-
tients with congestive heart failure whose survi-
val had been shown to improve through timely
valve replacement?-*,

The major risk factor for mortality was a
systemic embolism and its relative risk was 3.2,
and embolisms occurred an average 37 days
after onset of fever in our study, those are simi-
lar to other reports'**®. The major causes
responsible for the deaths in 12 patients(55%)
were cardiac-origin secondary to congestive
heart failure, acute myocardial infarction, con-
duction block and irreversible, catastrophic cere-
bral infarction or hemorrhage.

Infective endocarditis has changed its distribu-
tion and frequency during the last 5 decades
from the viewpoint of infection organisms. Be-
fore the antibiotic era, infective endocarditis was
almost universally lethal, and staphylococci were
responsible for less than 10% of cases. The in-
troduction of antibiotics changed the pattern and
increased the frequency of staphylococci as a
causative agent. During the last 2 decades in
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western countries, prosthetic hart valve and in-
travenous drug abuse have become common and
contributing factors to the increasing proportion
of patients with staphylococcal infective endo-
carditis®'"**_ Staphylococcal infective endocaritis
frequently involves native valves, causes rapid
destructive changes on valves and has metastat-
ic foci, so it has been condisered as a malignant
disease, requiring aggressive medical therapy and
urgent surgical intervention. In recent papers,
embolic complication is recognized in 12 to 35
percent of patients during the course of suba-
cute bacterial endocarditis by Streptococcus
viridans and in 50 to 60 percent with acute bac-
terial endocarditis by Staphylococcus aureus® .
in our analysis, the relationship between growth
of Staphylococcus aureus and systemic embo-
lism was not singificant statistically, but in trend
analysis using kappa method showed Staphylo-
coccus aureus infective endocarditis had signifi-
cant trend toward a systemic embolism than
other organisms. So only the growth of Staphy-
lococcus aureus was thought to be a possible
risk factor for embolization. Recent another
study of patients with endocarditis has reported
that the observed rate of emboli was highest
among patients with Staphylococcus aureus en-
docarditis, with an overall rate 2.4-fold greater
than the rate among patients with Streptococ-
cus viridans endocarditis, irrespective of vegeta-
tion status®. The reasons why the infective en-
docarditis by Staphylococcus aureus are more
susceptible to embolization than that by Strepto-
coccus viridans are not readily explained. But
Staphylococcus aureus produces and secretes a
number of specific enzymes and toxins, including
coagulase & clumping factor, lipase, hyalu-
ronidase, staphylokinase, and cytotoxic a-toxin,
which have been variously implicated as possible
pathogenic factors and never existed in Strepto-
coccus viridans®, So these products are sup-
posed to be the important factors responsible
for bacterial adherece, invasion, destruction, in-
terference with host defence mechanism, coagu-
lation & fibrinolysis, and septic metastasis within
the valves infected by Staphylococcus aureus.
Therefore the patients who had Staphylococcus
aureus infective endocarditis with definite vege-
tation should be considered to have early surgi-
cal intervention.

In conclusion, this study suggests that sys-
temic emboli increases the mortality rate in pa-
tients with infective endocarditis. Age of pa-
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tients, presence of vegetation, size and location
of vegetation are not the risk factors for embo-
lism, while certain organism, especially Staphylo-
coccus aureus, could be a risk factor for sys-
temic embolism.

Study limitation: We were able to count only
those arterial emboli that resulted in clinically de-
tectable signs and symptoms and were later
confirmed by radiologic or laboratory studies.
There was possibility that additional subclinical
or silent emboli of small size may have occurred
in some patients. There was, however, no readi-
ly apparent way to detect such emboli and, from
a clinical perspective, such emboli wre inconse-
quential. In many studies, to exclude intra-ob-
server and inter-observer variability, a blinded
observer reviewed the echocardiograms for the
presence and size of vegetations and the severi-
ty of the valvular regurgitation®'®'® But our
study could’t be confirmed by the blinded ob-
server.

in addition, our data is to some extent biased
by the referral nature of our hospital, in which
patients with more complicated cases are
admitted.
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