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ABSTRACT

Background: In patients with mechanical prostheses
(MP), thromboembolism is one of the most serious complica-
tions. The study aim was to assess the incidence of sources of
thromboembolism in patients with correctly functioning MP
with and without a history of thromboembolism.

Methods: Two hundred ninety-seven patients with cor-
rectly functioning MP were enrolled in this single-center,
transesophageal echocardiographic (TEE), retrospective,
observational study. Two groups were analyzed: Group A,
183 patients with a history of thromboembolism, and Group
B, 114 patients with no history of thromboembolism.

Results: Definite sources of thromboembolism were
revealed in 59% of patients in Group A, and sources of potential
thromboembolism were revealed in 13% of patients in Group
B (P <.001). Multiple sources of thromboembolism were pres-
entin 9% of patients in Group A and 1% of patients in Group
B. Localization of sources of thromboembolism included MP
ring (59% and 53 % of patients in Groups A and B, respectively);
left atrium/left atrium appendage (24%/21% and 13%/40% of
patients in Groups A and B, respectively); and aorta (12% and
13% of patients in Groups A and B, respectively). Patients with
multiple sources of thromboembolism were older (P < .001)
and in a higher New York Heart Association (NYHA) class
(P = .004). Patients with sources of thromboembolism in the
aorta were older than the rest of the group (P < .01).

Conclusions: In patients with correctly functioning MP,
sources of thromboembolism are observed 4 times more often
in case of the positive history of thromboembolism. The most
common source of thromboembolism is thrombosis of MP
ring. Age and heart failure predispose multiple sources of
thromboembolism. One might consider control TEE after
mechanical valve implantation, but only in selected group
of patients without embolic events but with a higher risk of
thromboembolism.
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INTRODUCTION

Prosthetic valve thrombosis and cerebral thromboem-
bolism are the most serious complications in patients with
mechanical prostheses [Edmunds 1982; Grunkemeier 1988;
Butchart 2001; Chang 2001; Aagaard 2005]. Transesophageal
echocardiography (TEE) is currently the test of choice in
patients with prosthetic valves and a history of thromboem-
bolism [Gueret 1995; Tong 2004]. The incidence of throm-
boembolic complications as well as predisposing factors in
patients with various types of prosthetic valves are commonly
known [Butchart 2003; Durrleman 2004; Laplace 2004].

The aim of the study was to assess the occurrence of
sources of thromboembolism in patients with correctly
functioning prosthetic valves with and without a history of
thromboembolism.

MATERIAL AND METHODS

Patient Population

Between November 1990 and December 2003, 297 patients
with correctly functioning prosthetic mechanical valves were
enrolled in this single-center, transesophageal echocardio-
graphic, retrospective, observational study. The criteria of
inclusion were clinical and echocardiographic evidence of
correctly functioning prosthetic valves. The blockage of
the mechanical valve or the restriction of disc mobility in
echocardiographic examination and a history or suspicion of
endocarditis were regarded as exclusion. Two groups were
analyzed: Group A included 183 patients with a history of
thromboembolism: 38 patients (26%) were men, and the
mean age was 53.4 + 11.4 years (range, 34-68 years). Group
B included 114 patients with no history of thromboembo-
lism: 26 patients (23%) were men, and the mean age was
52.1 = 10.9 years (range, 30-77 years). Patients from Group
B were assessed as a comparison group referring to sites of
potential thrombi in patients with mechanical valve pros-
theses versus patients in Group A (with a positive history
of embolism). We assessed the additional factors that may
predispose to thromboembolism in patients with prosthetic
valves with and without echocardiographical sources of
thromboembolism in Group A and potential thromboem-
bolism in Group B.
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Table 1. Clinical Characteristics of Patients with Correctly
Functioning Mechanical Prosthetic Valve (MPV)*

Group A: History
of Embolic Events

Group B: No History
of Embolic Events

Age, y 53.4+ 11.4 (34-68) 52.1+£10.9 (30-77)
Sex, M(%),/F 38(26),/145 26(23),/88
NYHA classification 1.52 1.46
Mitral MPV, n (%) 111 (65) 70 (61)
Aortic MPV, n (%) 49 (27) 34 (30)
Double MPV, n (%) 16 (8) 10 (8)
Time from valve replacement,y 7 + 3.5 (0.5-25) 6.5+4.0(0.7-22)
Mitral commisurotomy, n (%)t 34 (19) 29 (25)
Atrial fibrillation, n (%) 112 (61) 56 (49)
Embolic events, n (%) 183 (100) -
Stroke/TIA, n (%) 130 (71) -
Stroke, n (%) 85 (46) -
TIA, n (%) 45 (25) -
Peripheral, n (%) 53 (29) —
INR below therapeutic range, 135 (74) 54 (47)

n (%)%

*Data for age and time from valve replacement are presented as mean +
standard deviation (range). Data for New York Heart Association (NYHA)
classification are presented as median. TIA indicates transient ischemic at-

tack; INR, international normalized ratio.
tBefore mitral valve replacement.
{Therapeutic range of INR, 2.5-3.5.

The groups did not differ with regard to demographic
characteristics (Table 1). All thromboembolic events occurred
after implantation of the prosthetic valve. Transthoracic
(TTE) and transesophageal echocardiography (TEE) were
performed according to currently accepted standards. The
time interval between the event and the echo study in all cases
was 2 to 6 weeks after embolic event in Group A. Control
TEE was performed in Group B. The following sources of
thromboembolism were diagnosed: thrombosis of prosthetic
valve, thrombus in the left atrium or left appendage, throm-
bus in the left ventricle, and thrombus or complex athero-
sclerotic plaque in thoracic aorta. Based on TEE, the follow-
ing possible and probable sources of thromboembolism were
also diagnosed: spontaneous echo contrast in left atrium, left
appendage, or left ventricle; patent foramen ovale with right-
to-left shunt; atrial septal aneurysm; and filamentous strands.

Thrombus on prosthetic valve ring was determined as a
separate, low-density, well-outlined echo linked to the valve,
visible throughout the cardiac cycle. Based on the longest
dimension of the thrombus, small (<5 mm) and large (=5 mm)
thrombi were distinguished. Thrombus mobility was recog-
nized as high if it moved between adjacent cardiac chambers
and as low if its mobility was limited to a single chamber.
Figure 1 presents examples of thrombi on the prosthetic valve
and in the heart chamber.
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Figure 1. Data from a 70-year-old patient 3 years after the mitral valve

replacement with no history of embolic events, New York Heart As-
sociation (NYHA) class Il, and inadequate anticoagulation control. A,
Thrombus on the St. Jude Medical 31 mitral valve prosthesis revealed on
transthoracic echocardiography (TTE). B, Transesophageal echocardiog-
raphy (TEE) (B1 and B2) confirmed the presence of a large thrombus
on the atrial surface of the prosthetic valve ring. C, Additional thrombus
in the left appendage was found. Discs of the prosthetic valve were
marked with a dashed line. LA indicates left atrium; LAA, left atrium
appendage; LV, left ventricle.

Filamentous strands were defined as highly mobile, fine
filamentous structures less than 1 mm thick and more than
2 mm long.

Protocol of Examination and Patient Subgroups

Sources of thromboembolism were sought on TTE. TEE
was performed directly after TTE.

The advantage of TEE in recognizing the sources of
potential thromboembolism is presented in Figure 2. The
incidence of sources of thromboembolism was assessed.
Based on TTE results, 2 subgroups were distinguished in
both groups of patients: TTE positive for sources of throm-
boembolism (T'TE positive) and TTE negative for sources of
thromboembolism (T'TE negative) (Table 2).

Statistical Analysis

Continuous variables were expressed as average values =
standard deviation (SD), and Student ¢ test was used for com-
parative analysis. Categorical variables were expressed as per-
centage values, and the x? test was applied for comparisons.
Results were considered statistically significant at P < .05.
The Statistica 7.1 software package (StatSoft, Tulsa, Okla-
homa, USA) was used for statistical analysis.

RESULTS

Sources of Potential Thromboembolism
['TE was positive for sources of thromboembolism in
30 patients. Thrombosis of mitral prosthetic valve was found
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Table 2. Echocardiographic Diagnostic Strategy in Patients with
Correctly Functioning Mechanical Prosthetic Valves (MPV) and
a history of embolic events (Group A) and without embolic
events (Group B).

Study Group

Patients with correctly functioning mechanical prostheses on clinical and
transthoracic echocardiography (TTE) examination

N\
Group A
Group B

N

Subgroup TTE negative for sources
of thromboembolism

N N2
Transesophageal echocardiography (TEE)

Subgroup TTE positive for sources
of thromboembolism

Thromboembolism negative
v v N

Other findings
(paravalvular leak, pannus)

Thromboembolism positive

Thrombosis of Another localization
mechanical pros-

thetic valve ring

in 14 patients in Group A and in 3 individuals in Group B with
no history of thromboembolism. Thrombi in heart chambers
were detected in 13 patients in Group B. TEE confirmed the
result of TTE in 27 patients, and 11 additional cardioembolic
sources were detected, mainly in Group A. In 267 patients,
TTE was negative for sources of thromboembolism. The
sources of thromboembolism were found on TEE in 107 out
of 183 patients in Group A (59%) and in 15 out of 114 indi-
viduals in Group B (13%, P < .001). Prosthetic valve throm-
bosis was detected in 71 patients: 63 in Group A (34%) and
8 in Group B (7%). Thrombosis of mechanical valve affected
59% of patients with sources of thromboembolism in Group
A and 53% of patients with sources of thromboembolism
in Group B. Thrombotic material in another site was pres-
ent in 34 patients: in the left atrium and left appendage in
19 and 28 patients, respectively, and in the aorta in 13 individ-
uals (exclusively in Group A). Thrombi in the left appendage
were visualized in 22 patients from Group A (15% of patients
without previous commisurotomy, 21% of patients with diag-
nosed sources of thromboembolism, and 50% of patients
with extravalvular location of thrombotic material) as well as
in 6 patients from Group B (7% of patients without previ-
ous commisurotomy, 40% of patients with diagnosed sources
of thromboembolism, and 75% of patients with extravalvular
location of thrombotic material).

In 18 patients (6% of the study group), more than 1 source
of thromboembolism was identified: 17 patients in Group A
(9%) and 1 patient in Group B (<1%). In patients with mul-
tiple sources of thromboembolism, the following parameters
were significantly higher than in the rest of the study group:
age (61 versus 52 years, P < .001), left atrium dimension
(6.9 = 2.85 cm versus 5.4 + 1.86 cm, P = .0045), and functional
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Figure 2. Data from a 53-year-old patient 6 years after mitral valve re-
placement with a transient ischemic attack history, New York Heart
Association (NYHA) class Ill, and inadequate anticoagulation control.
A1/A2, Correct function of Sorin Bicarbon mitral valve and no sources
of embolization were found on transthoracic echocardiography (TTE).
B1,/B2, Thrombi on the prosthetic valve ring and in the left appendage
were diagnosed on transesophageal echocardiography (TEE). Discs of
the prosthetic valve were marked with a dashed line.

New York Heart Association (NYHA) class (2.3 = 0.71
versus 1.8 £ 0.49, P = .004). Age of patients with sources of
thromboembolism in thoracic aorta was significantly higher
(63 versus 57 years of age, P < .01). The total number of
sources of thromboembolism was 143: 127 sites in 107 patients
in Group A and 16 sites in 15 patients in Group B. Sources of
thromboembolism were not found in 172 cases: 73 patients in
Group A (39%) and 99 patients in Group B (87%).

There was no significant difference in left atrial dimen-
sion between the patients with thrombi in left atrium
or left appendage and the rest of the study group (5.7 =
2.45 emversus 5.5 x 2.11 cm). The target organ of the embo-
lic event was the central nervous system in 71% of patients
(128 patients with mitral main portal vein [MPV] thrombosis
and 2 patients with aortic MPV thrombosis) and peripheral
in 29% of patients (51 patients with MPV thrombosis and
2 patients with aortic MPV thrombosis). The patients who
suffered from stroke had computed tomography results that
excluded cerebro-cerebral embolism and cerebral bleeds,
based on experienced neurologist opinion.

Echocardiographic Characteristics. Echocardiographic
characteristics of thrombi on the prosthetic valve ring are
described in Table 3. On TTE, large mobile thrombi were
detected during diastolic left ventricle inflow. On TEE,
thrombotic material was usually found on the atrial sur-
face of mitral prosthetic valve ring. In the majority of cases,
the detected thrombi were small (68%), showing limited
mobility (87%).

Possible and Probable Sources of Potential Throm-
boembolism. Spontaneous echo contrast in left atrium was
observed on TEE in 17% of patients without history of
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Table 3. Echocardiographic Characteristics of Nonobstructed Prosthetic Valve Thrombi (NPT)*

Mobility Size
Low High Small Large
TTENPVT+H,n=15 8 (11) 7 (11) 5(21) 10
TEE NPT+ 1 6 6 1
TTE NPVT-, n =156 - - - -
TEE NPT+ 51 3 42 2
Total TEE NPT+, n (%) 62 (87) 9 48 (68) 23

*TTE indicates transthoracic echocardiography; NPVT, nonobstructed prosthetic valve thrombosis; TEE, transesophageal echocardiography.

tFalse positive.

Table 4. A, Presence of Possible and Probably Sources of Thromboembolism in Patients with Correctly Functioning Prosthetic
Valves and a History of Thromboembolism (Group A) and without Embolic Events in the Past (Group B). B, Coexistence of the
Spontaneous Echo Contrast and Sources of Thromboembolism in the 2 Groups of Patients*

A Sources of Thromboembolism Possible and Probable Sources of Thromboembolism
SEC+ PFO+ ASA+ FS+

Group A, n =183, n (%) 107 (58.5) 74 (41) 18 (10) 12 (6) 62 (34)
Comparison P <.001 P <.001 NS NS P<.01
Group B, n =114, n (%) 15 (13.2) 19 (17) 13 (1) 7 (6) 16 (14)
B Sources of thromboembolism Spontaneous echo contrast (SEC)+, n (%)

STE+, n =107 45 (42)
Group A, n =183 Comparison NS

STE-,n=76 30 (39.5)

STE+,n=15 7 (47)
Group B, n= 114 Comparison P<.01

STE-,n=99 12 (12)

*SEC indicates spontaneous echo contrast; PFO, patent foramen ovale; ASA, atrial septal aneurysm; FS, filamentous strands.

embolic events and in 41% of individuals with such history
(P < .001). Atrial septal aneurysm was found in 12 patients
in Group A (6%) and in 7 patients in Group B (6%, not sig-
nificant). Filamentous strands were found in 62 patients in
Group A with history of thromboembolism (34%) and in
16 patients in Group B (14%, P < .01). Patent foramen ovale
was present in 18 patients in Group A (10%) and in 13 patients
in Group B without history of thromboembolism (11%, not
significant) (Table 4).

Additional TEE Findings. Insignificant paravalvular leak
was detected in 18 patients and pannus in 8 patients.

Predisposing Conditions for Thromboembolism. In
Group A, atrial fibrillation was present in 65 out of 97 patients
(67%) with sources of thromboembolism and in 47 out of
76 individuals (62 %, not significant) without them. In Group
B, atrial fibrillation was observed in 12 out of 15 patients
(80%) with sources of thromboembolism and in 44 out of
99 patients without sources (44%, P = .01). During the time
of treatment, acenocumarol was the only available anticoagu-
lant with the International Normalized Ratio (INR) control.
About 75% of patients had subtherapeutic INR control in
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similar percentages in both groups of patients. The target
therapeutic range of INR was 2.5 to 3.5.

In Group A, inadequate antithrombotic therapy was
revealed in 78 out of 97 patients (80%) with sources of throm-
boembolism and in 57 out of 76 patients with no sources of
thromboembolism (75%, not significant). In Group B, inad-
equate antithrombotic therapy was documented in 13 out of
15 patients (87%) with sources of thromboembolism and in
41 out of 99 patients with no sources of thromboembolism
(41%, P < .002).

The important risk factors for thromboembolism and cere-
brovascular events in both groups are presented in Table 5.

Types of Valve Prostheses with Nonobstructed Thrombosis
Thrombosis occurred on mitral valve prostheses in
67 patients and aortic valve prostheses in 4 cases. Throm-
bosis on artificial valve ring was detected in more than 20%
of patients with disc-type caged-ball valves as well as early-
generation tilting-disc valves; in more than 10% of patients
with Sorin (Milan, Italy) and Bjork-Shiley (Shiley Inc., Irvine,
California) valve prostheses; and in slightly more than 5% of
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Table 5. Comparison of Risk Factors for Thromboembolism
and Cerebrovascular Events in Both Groups

Risk Factors for Thromboembo-

lism and Cerebrovascular Events ~ Group A, %  Group B, % P
Left ventricular dysfunction
Ejection fraction > 40% 40 45 ns
Ejection fraction < 40% 15 17
Diabetes mellitus 7 8 ns
Hypertension arterialis 45 42 ns
Cigarette smoking 2 3 ns

Carotid disease — — _

Chronic inflammatory condition — — —

patients with bileaflet or Medtronic-Hall tilting-disc valves
(Medtronic, Minneapolis, Minnesota). Differences between
the above-distinguished subgroups of prosthetic valves were
statistically significant (P < .005).

DISCUSSION

Meticulous surveillance of antithrombotic therapy and, in
selected cases, inclusion of anti-platelet therapy should lead
to a decrease in occurrence of thromboembolic complica-
tions in patients with prosthetic heart valves [Bonow1998;
Massel 2001].

Information derived from echocardiographic examina-
tion may facilitate the achievement of this goal. Diagnosis of
thrombosis of prosthetic valve leading to its blockage is based
on clinical data. Systemic thromboembolism is often the first
clinical manifestation of thrombosis of prosthetic valve, which
does not block disc mobility or thrombosis at a different loca-
tion [Roudaut 2003a; Roudaut 2003b].

Potential Sources of Thromboembolism in Patients with
Prosthetic Valves

"Transthoracic and especially transoesophageal echocar-
diography are important steps in the diagnosis of sources of
thromboembolism in patients with prosthetic heart valves
[Montorsi 2000]. The cause of thromboembolism is most
often linked to the mechanical valve, and therefore the diag-
nostic procedure after a systemic embolism is predominantly
directed at the prosthetic valve. Assessment of placement
of the potentially embolic material and determination of its
characteristics may be of paramount importance for subse-
quent clinical interventions and in selected cases also may
lead to a decision on reoperation [Lin 2000; Shapira 2000;
Roudaut 2003a; Roudaut 2003b].

In previously published studies [Vandenbogaerde 1992;
Mirode 1993; Paemelaere 1996] concerning sources of throm-
boembolism, patients with implanted prosthetic heart valves
formed only a part of analyzed groups or were excluded from
the study or the authors dealt only with specific aspects of
this problem. In the present study, the material includes only
patients with implanted heart valve prostheses. Subdivision of
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the study cohort into groups was based on clinical data and on
results of transthoracic echocardiographic examination.

Echocardiography in Search of Sources of Thromboembo-
lism in Patients with Implanted Prosthetic Heart Valves

Pearson and co-workers [1991] found thrombotic material
in patients after a brain stroke or a transient ischemic attack
using transthoracic echocardiography in 15% of patients;
transesophageal echocardiography allowed them to find it
in 57% of patients. Vandenbogaerde and co-workers [1992]
detected embolic material during transesophageal examina-
tion in 83% of patients who underwent a peripheral embo-
lism. Mirode and co-workers [1993] proved the presence of
embolic material in a group of patients after a systemic embo-
lism, with documented cardiac disease or atrial fibrillation
in 12% of investigated patients by the transthoracic method
and in 50% of patients by the transesophageal method. Pae-
melaere and co-workers [1996] stressed the higher detection
rate of sources of thromboembolism in patients with cardiac
disease or atrial fibrillation (65.9% versus 29.7% in patients
with a negative history of cardiac disease).

In the present study, potentially embolic material was found
using the transthoracic echocardiography in 13% and 2% of
patients in the embolic and non-embolic groups, respectively.
During transesophageal echocardiography, potential sources
of thromboembolism were found in 58% and 13% of patients
in each group, respectively. Intracardiac thrombogenesis
occurred in this study’s patients despite administration of
antithrombotic therapy; it should, however, be stressed that in
74% of patients from Group A, monitoring of this treatment
was inadequate. In Group B, antithrombotic therapy was
inadequately monitored in 13 out of 15 patients with potential
sources of thromboembolism detected during TEE.

Validity of Transthoracic Echocardiography in Diagnosis
of Some Cardioembolic Sources in Patients with Prosthetic
Heart Valves

The superiority of transesophageal examination in deter-
mination of potential sources of thromboembolism has cur-
rently been decided beyond discussion; however, transthoracic
examination may also supply some important information.
Miigge and co-workers [1991], in their retrospective assess-
ment of validity of transthoracic echocardiography in the
group of patients with documented presence of thrombi or
intracardiac tumors, estimated the sensitivity of transthoracic
echocardiography in recognition of thrombi in the left atrium
(excluding left appendage) at 69%. In the present study, tran-
sthoracic echocardiography made it possible to visualize
thrombi in left atrium in 29% of patients with transesopha-
geal confirmation of thrombotic material. The difference may
be explained by commonly known technical problems arising
from the typical acoustic shadow of the prosthetic valve that
may be responsible for false negative results.

Prosthetic valve thrombosis was recognized by transtho-
racic echocardiography in a total of 19% of patients with such
locality of thrombotic material confirmed by transesopha-
geal method. Transthoracic echocardiography is useful in
detection of larger thrombi, which show significant mobility
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Table 6. Sensitivity, Specificity, and Positive and Negative
Predictive Value of Transthoracic Echocardiography in
Searching of Sources of Thromboembolism in 183 Patients
with Correctly Functioning Prosthetic Valves (PV) and a
History of Thromboembolic Events

Potential Sources of Thromboembolism

PV Thrombosis Left Atrium™*
Sensitivity 19 38.5
Specificity 98.3 99.4
Positive predictive value 85.7 90.9
Negative predictive value 69.8 90.7
Accurate 7 90.7

*Excluding left appendage.

(Table 3). As is apparent from the present study, sensitivity
of transthoracic echocardiography in detecting sources of
thromboembolism in patients with prosthetic valves is gener-
ally low and does not depend on the location of thrombotic

material (Table 6).

Validity of Transesophageal Echocardiography in Diag-
nosing Sources of Thromboembolism in Patients with
Implanted Prosthetic Heart Valves

In the study group, transesophageal examination made
it possible to visualize a total of 127 localities of potentially
embolic material in 107 out of 183 patients (58%) with a his-
tory of systemic thromboembolism (Group A) as well asin 15
out of 114 patients (13%) with negative medical history with
regard to embolic event or transient ischemic attack (Group
B). The significantly more frequent (P < .001) occurrence of
thrombotic material in patients with a history of systemic
thromboembolism in comparison with subjects without such
history confirms the existence of a link between intracardiac
thrombosis and occurrence of thromboembolism. Multiple
potential sources of thromboembolism were detected in
17 patients. A notable circumstance is the significantly higher
age and worse clinical state of patients with several potential
sources of thromboembolism. Thrombi were detected on the
prosthetic heart valve in 63 patients (34%), in the left atrium
in 26 patients (14%), and in the left ventricle in 4 patients.

Nonobstructed prosthetic valve thrombosis was detected
in 24% of the study group: in 34% of patients in Group
A and in 7% of patients in Group B (P < .001). It is worth
stressing that the percentage of patients with nonobstructed
valve thrombosis among patients TEE-positive for sources of
thromboembolism from Groups A and B did not differ signif-
icantly (59% and 53 % patients, respectively; not significant).

The left appendage and thoracic aorta are common locali-
ties of thrombotic material that are inaccessible to transt-
horacic examination [Stoddard 1995; The French Study of
Aortic Plaques in Stroke Group 1996].

In the present study, thrombus in left appendage was diag-
nosed in 9% of the total number of patients and in 12% of
patients who had previously undergone mitral commisuro-
tomy by the closed method. The percentage of left appendage
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thrombosis was significantly higher (P = .04) among patients
with a history of systemic embolism. On the other hand, the
percentage of patients with thrombi in left appendage among
those with thrombotic material detected during TEE in both
assessed groups of patients did not differ significantly (50%
and 75% of patients, respectively; not significant).

Spontaneous echo contrast in the left atrium and left
appendage could be observed during transesophageal exami-
nation in 41% of investigated patients. Within this subgroup,
no statistically significant differences were detected between
patients with additionally visualized embolic material and
patients without any embolic material. Seventeen percent of
patients without a history of thromboembolism and 75% of
patients with such history (P < .001) show spontaneous echo
contrast in left atrium. It is, however, worth stressing that the
percentage of patients with spontaneous echo contrast in the
left atrium among patients with thrombotic material detected
during TEE in Groups A and B did not differ significantly
(42% and 47 % of patients, respectively; not significant). Black
and co-workers [1991] reported the occurrence of embolic
complications in 44% among 75 patients with spontaneous
echo contrast in the left atrium. In the group of patients with-
out any embolic history, spontaneous echo contrast in the
left atrium was more frequent in patients with intracardiac
thrombi. Also in patients with non-rheumatic atrial fibril-
lation, Tsai and co-workers [1997] detected thrombi in the
left atrium in 8 out of 34 patients with spontaneous echo
contrast.

An interesting observation was presented by Barbetseas
and co-workers [1997], who reported more frequent occur-
rence of intracardiac thrombi in patients after a brain stroke
and more common occurrence of spontaneous echo contrast
in the left atrium in patients after a transient ischemic attack.
Black and co-workers [Black 1991] reported the occurrence of
embolic complications in 44% among 75 patients with spon-
taneous echo contrast in the left atrium. Tsai and co-workers
[1997] detected thrombi in left atrium in 8 out of 34 patients
with non-rheumatic atrial fibrillation and with spontaneous
echo contrast.

In the study presented, no correlation could be found
between the occurrence of spontaneous echo contrast in left
atrium and the presence of thrombi in cardiac chambers in
patients from Group A (Table 4).

Aortic Atherosclerosis as a Potential Source of Thromboem-
bolism in Patients with Implanted Prosthetic Heart Valves
Simons and co-workers [1992] described features of aortic
atherosclerosis in 8 out of 259 patients sequentially examined
using the transesophageal method. The age of these patients
varied between 57 and 73 years (mean, 67 years), and for 4 of
them no abnormalities could be shown in cardiac structure
or function. Karalis and co-workers [1991] detected complex
atherosclerotic plaques in 7% of patients examined using
the transesophageal method. Eleven out of 36 patients in his
study had a history of embolic complications, including 2 of 7
patients with implanted prosthetic heart valves. Schwartzbard
and co-workers [2000] underlined the dynamic character of
thrombi that appear in the aorta. Mitusch and co-workers
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[1997] described the dependence of embolic events’ occur-
rence on echocardiographic characteristics of atheroscle-
rotic changes in the aorta, assigning the poorest prognostic
value to complex plaques and plaques containing mobile ele-
ments. This type of plaque constitutes an especially serious
threat of thromboembolism in patients who undergo heart
catheterization or coronary angiography [Karalis 1996], and
they also have prognostic significance in risk assessment of
significant stenosis of coronary vessels in the population
of advanced age patients [Roijer 1996]. In the investigated
group of patients after a systemic embolism, atherosclerotic
changes in the aorta predisposing to embolic complications
were detected in 13 patients (9% in comparison to 2% in the
group without any history of embolism). Age of the patients
was older than 60 years. This observation is consistent with
statements by other authors [Karalis 1996; Roijer 1996]. Fin-
kelhorn and co-workers reported embolic events in patients
with spontaneous echo contrast in the thoracic aorta [Finkel-
horn 1995; Finkelhorn 1999]. In the presented material, this
type of abnormality was visible in 3 patients with complex
atherosclerotic plaques in the thoracic aorta.

Patent foramen ovale was visualized in 10% of patients
in the investigated group, and it seems not to have had any
impact on the emergence of thrombotic and embolic com-
plications. This conclusion is consistent with statements by
other authors who accept the influence of patent foramen
ovale on the occurrence of ischemic stroke and transient isch-
emic attack exclusively in patients without an organic cardiac
disease [Pearson 1991]. Both presented groups of patients
with implanted prosthetic heart valves did not differ in a sta-
tistically significant manner with regard to the presence of a
patent foramen ovale (Table 4).

Limitations of the Study

Including in the analysis only patients with a documented
event of systemic thromboembolism may lead to too small of
a study group, especially because no information is gathered
from patients who died as a result of embolic complications.
The abdominal aorta and carotid arteries were not included
in the study, although both locations may also be a source of
thromboembolism. Application of a single-plane transesoph-
ageal probe during the years 1990-1997 might have made
it more difficult to detect small thrombi on the prosthetic
valve ring.

The delay between the embolic event and echocar-
diographic examination in individual patients was varied.
Patients with prosthetic valve blockage were also excluded
from the study because some of them were qualified for reop-
eration exclusively based on an unequivocal result of tran-
sthoracic examination, and no transesophageal examination
was performed.

CONCLUSIONS

1. In patients with correctly functioning mechanical
valve prostheses sources of thromboembolism are
4 times more often observed in case of the positive
history of thromboembolism.
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2. The most common source of thromboembolism is

prosthetic valve thrombosis.

3. Age and heart failure predispose to multiple sources of

thromboembolism.

It seems probable that the frequency of thromboembo-
lism sources in patients without a history of thromboembolic
events and inadequate antithrombotic therapy is the same like
in patients with a history of thromboembolism.
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