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Summary

Background: Inflammeation-induced procoagul ant changes
and dterationsin platelet activity appear to play animportant
roleinthromboembolic complications of infective endocardi-
tis(IE).

Hypothesis: The aim of this study was to investigate sys-
temic coagulation activity, fibrinolytic capacity, and platelet
activation in patientswith | E with and without embolic events
by measuring the plasmalevelsof prothrombin fragment 1+2
(PF1+2), thrombin-antithrombin 11l complex (TAT), plas-
minogen activator inhibitor-1 (PAI-1), beta-thromboglobulin
(B-TG), and platel et factor 4 (PF4), respectively.

Methods: The study included 76 consecutive patients (fe-
male =55, male = 21, mean age 26 years, range 8-64 years)
with definite |E according to the Duke criteria; of these, 13
(17.1%) had embolic events.

Results. Plasmaconcentrationsof PF1+2 (3.2+ 1.3vs. 1.7
+0.7and 1.4 £ 0.7 nmol/l, p<0.001, respectively) and TAT
(7.3+15vs.29+1.2and2.2+ 1.1 ng/ml, p<0.001, respec-
tively) were elevated in patients with embolic events com-
pared with patients without embolic events and control sub-
jects. Similarly, patients with embolic events had increased
plasmalevelsof 3-TG (63.3+10.9vs. 331+ 11.6and 19.1 +
10.6 ng/ml, p<0.001, respectively) and PF4 (106.0 + 28.7 vs.
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50.3 £ 16.7 and 43.0 = 15.8 ng/ml, p<0.001, respectively)
compared with those without embolic events and the control
group. Embolic patients also had higher PAI-1 levels than
nonemboalic patientsand healthy subjects (14.4+ 6.4vs. 8.6+
5.9and5.4+4.3ng/ml, p=0.002, respectively).

Conclusion: Petientswith | E and with subsequent throm-
boembolism have increased systemic coagulation activation,
enhanced platel et activity/damage, and impaired fibrinolysis.
The resulting imbal ance produces a sustai ned hypercoagul a
ble state, which contributes to the increased risk of throm-
boembolic eventsinthisparticular group.

Key words:. infective endocarditis, thromboembolism, coag-
ulation activation, platel et activity

Introduction

Thromboembolic events remain arelatively common and
serious complication of infective endocarditis (1E), occurring
in 2010 43% of cases. 13 Septic emboli fromthevegetationsin
heart va ves have been the most frequently suggested mecha-
nism to explain strokein 1E.4 However, the results of several
echocardiographic studies, which attempt to correlate the for-
mation of embolic events in IE with size and morphologic
characterigtics of valvular vegetations, have been inconss-
tent.2 56 Recently, someinvestigators have reported that sys-
temic bacteria infections, even in the absence of cardiacin-
volvement, represent an independent risk factor for systemic
thromboembolism.”® Inflammation-induced procoagulant
changesand alterationsin platel et activity appear to play ama:
jor roleinthissetting. 10 Theinterrel ati onshi ps between coagu-
lation status, platel et activity, and risk of embolic eventshave
not been studied previoudy in alarge patient popul ation with
definitelE.

Prothrombin fragment 1+2 (PF1+2) isapeptide byproduct
of the conversion of prothrombin to thrombin, the pivota
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event in theinitiation of the coagulation cascade. Thrombin-
antithrombin |11 complex (TAT) isalso measured asamarker
of in vivo thrombin generation.1° Plasminogen activator in-
hibitor-1 (PAI-1) isregarded as amajor determinant of fibri-
nolytic activity in human plasma. Its synthesisby endothelid
cells, hepatocytes, and fibroblasts is enhanced under condi-
tionssuch aslocd hemostasisand in the presence of endotox-
in or cytokines. Beta-thromboglobulin (B3-TG) and platelet
factor 4 (PF4) arereleased from a phagranulesof platdetsand
reflect in vivo platelet activation/damage. Hence, the aim of
thisstudy wastoinvestigate systemic coagul ation activity, fib-
rinolytic capecity, and platelet activation in patients with |1E
with and without embolic eventsby measuring theplasmalev-
esof PF1+2, TAT, PAI-1, B-TG, and PF4, respectively.

Methods

The study included 76 consecutive patients (female = 55,
male =21, mean age 26 years, range 8-64 years) with definite
| E according to the Duke criteria, X1 who were referred to our
clinic between January 1996 and April 1999. Infective endo-
carditiswasdiagnosed if oneof thefollowing criteriaexisted:
(1) histopathologic evidence of endocarditis; (2) persistent
positive blood cultures, excluding other potential sources of
bacteremia, and a new regurgitant murmur or predisposing
heart disease; and (3) negative or intermittently positive blood
cultures plus fever in the presence of anew regurgitant mur-
mur and microvascular or immunol ogic phenomena. Petients
with ahistory of thromboembolic events before hospital ad-
mittance, thosewho had prosthetic valve devices, or thosewho
were treated with anticoagulants and antiplatelets were ex-
cluded from the study. Patientswith ahistory of cerebral hem-
orrhageor an uncertain diagnosisof an embolic event werenot
included. Thirty-four age- and gender-adjusted hedlthy sub-
jects served asthe control group. The patients were prospec-
tively followed in our clinic by ateam of cardiologists, infec-
tious disease specialists, cardiac surgeons, and neurologists.
The mean duration of hospital stay was 44 days. The study
protocol was approved by our ingtitutional ethics committee.
All patientsand control subjectsgaveinformed consent.

Thirteen patients were diagnosed to devel op either acere-
bral (n=7), pulmonary (n=2), rend (n= 1), or mgjor periph-
eral (n=3; 2 popliteal artery and 1 femora artery) embolic
event during thein-hospital follow-up period. Theremaining
63 patients with 1E had no embolic events. Diagnosis of an
embolic event was based on physical examination, cerebral
computed tomography, periphera Doppler ultrasonographic
investigation, or angiography. In all cases, cerebral embolus
was diagnosed by an experienced neurol ogist who otherwise
was not involved in thisstudy. Microvascular emboli such as
cutaneous microinfarctions or immune complex phenomena
werenot regarded asembol us.

Transthoracic two-dimensiona and color flow Doppler
echocardiography was performed in al patients using ultra-
sound equipment (Toshiba SSH160A, Tokyo, Japan) with
commercialy available 2.5 MHz transducers. Within 3 days

of initiation of antimicrobid therapy and after a6-h fagting pe-
riod, transesophageal echocardiography wascarried outinthe
left laterdl decubitus position with the use of 5-MHz phased
array transducer. All studies were recorded on super VHS
videotapefor subsequent independent review and analysisby
two echocardiographersblinded totheclinical statusof thepar
tients. In case of disagreement, athird examiner was consult-
ed. Patients with any thrombusin the left atria cavity or ap-
pendage by transesophageal examinationwereexcluded. The
presence of vegetationsand their characteristicswere eva uat-
ed according to transesophageal examinations. Thelocaliza-
tion and maxima diameter of the vegetations were deter-
mined. A valvular vegetation was defined asan oscillating or
fixed mass associated with avalve or its supporting apparatus,
distinct in echogenic structure and with motion independent
fromtheremainder of theinvolved leaflet.2 Thelesion had to
be detectabl e throughout the compl ete cardiac cycle. Diffuse
vavular irregularitiesor valvular thickening were not regard-
ed asavegetation.

Simple hematological parameters including hematocrit,
erythrocyte sedimentation rate, activated partial thromboplas-
tintime(APTT), platel et counts, and fibrinogen concentrations
of patientsweretested routinely at hospital admisson. At hos-
pital admission and before any embolic events had occurred,
peripherd venous blood samples of both patients and control
subjects for measuring hemogtatic markers were drawn be-
tween 8 and 10 A.M. with 21 g vacuum tube phlebotomy nee-
diesinto 3.8% 1:9 trisodium citrate containing tubes without
venous stasis. Plasmawasimmediately obtained by centrifu-
gation of the blood at 3,000 X gravity for 15 min and then
storedinsevera aiquotesat —70°C until assayed.

PlasmaTAT (Enzygnost TAT micro enzymeimmunoassay,
Behringwerke AG, Marburg, Germany) and PF1+2 (Enzy-
gnost PF1+2 micro enzyme immune assay, Behringwerke
AG) concentrationsasthe markers of in vivo thrombin gener-
ation weremeasured by solid phase sandwich enzyme-linked
immunosorbent assay method. Measurements of plasma 3-
TG and platelet factor 4 (PF4) level sasindices of platel et acti-
vation/damage were taken using commercia enzyme-linked
immunosorbent assay kits (Diagnostica Stago, Asniéres,
France). Specific measurement of PAI-1 levelsreflecting fibri-
nolytic activity was performed with animmunofunctiond as-
say asdescribed previoudly.

Statigtical Analysis

Results were expressed as mean + standard deviation.
Comparison of clinical and echocardiographic variables be-
tween the patients with |E with and without embolic events
was performed with the use of Student’st-test for numerical
variablesand chi-squaretest for categorica data. All patients
with |E with and without embolic events as well as control
subjects were compared for TAT, PF1+2 , PAI-1, and P-se-
lectin concentrationswith the use of Mann-Whitney U test. A
p vaue < 0.05was considered to be significant.
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TaBLE | Clinical and echocardiographic characteristicsof patientswith infective endocarditiswith and without embolic events
Embolicevent (+) Embolicevent (—)
(n=13) (n=63) pVaue
Age(years) 28 24 NS
Maleffemae 4/9 17/46 NS
Hematological variables
Hemeatocrit (%) 363+4.1 34452 NS
Erythrocyte sedimentation rate (mnvh) 98 76 NS
Platelet count (X10-91) 2655+624 2456+ 564 NS
APTT (9 26.8+40 315+6.3 NS
Fibrinogen (g/l) 6.1+13 42+15 NS
Causative micrograms
Viridansstreptococci (%) 5(38.4) 22(34.9) NS
Group D streptococci and enterococci (%) 2(15.4) 9(14.2 NS
Other streptococci (%) 1(7.6) 4(6.3) NS
Staphylococci (%) 3(23.1) 14(22.2) NS
Other microorganism (%) 1(7.6) 7(111) NS
Undetermined (%) 1(7.6) 7(111 NS
Vegetation detected (%) 11(84.6) 51(80.9) NS
Locetion of vegetation
Mitral (%) 6(54.5) 27(52.9) NS
Aortic (%) 3(27.2) 19(37.2) NS
Mitral and aortic (%) 1(9.1) 3(5.9) NS
Tricuspid (%) 1(9.1) 2(39) NS
Vegetation characteristics
Size(cm) 14+04 10+03 0.03
Mobile/immobile 3/8 14/49 NS
Pedunculated/sessile /10 7/56 NS

Abbreviations: APTT = activated partial thromboplastintime, NS= not significant.

Resaults

Clinica and echocardiographic characteritics of the pa
tients with and without embolic events are shown in Tablel.
Among the 76 patients with IE included in the study, 13
(17.1%) had embalic events. Measurements of hematological
variablesand causative microorganismsdid not differ signifi-
cantly between patients with |E with and without embolic
events. Thelocalization of vegetationswas similar inthetwo
groups of patients with and without embolic events; mitral
vave was the most common site of involvement (54.5 vs.
52.9%, p>0.05) in both. Although therewasatrend toward a
higher rate of vegetations detected in those with embolic
events, this did not reach statistical significance (84.6 vs.
80.9%, p>0.05). Significantly larger vegetations were ob-
served in patients with than in those without embolic events
(1.4vs. 1.0cm, p=0.03). Size, mohility, and attachment char-
acteristics of the vegetationswere smilar between the embol-
icand nonemboalic patients.

As shown in Table |1, the mean plasma concentrations of
PF1+2 (3.2+ 1.3vs 1.7 £ 0.7 nmol/l and 1.4 £ 0.7 nmol/l,
p<0.001, respectively) and TAT (7.3+ 1.5vs. 2.9+ 1.2 ng/ml
and 2.2+ 1.1 ng/ml, p<0.001, respectively) weredlevatedin
pati entswith compared with those without embolic eventsand
control subjects. Similarly, patients with embolic events had

TaBLE |l  Hemostatic variablesin patients with infective endo-
carditiswith and without embolic eventsand control subjects

Embolic Embolic

event (+) event (—) Control
Variables (n=13) (n=63) (n=34)
PF1+2 (nmol/l) 32x132 17+£07 14+07
TAT (ng/ml) 7.3+15b 29+12 22+11
B-TG (ng/ml) 63.3+109¢ 331+116 19.1+10.6
PF4 (ng/ml) 106.0+2879  50.3+16.7 430+1538
PAI-1 (ng/ml) 144+64¢ 86+59 54+43

ap<0.001 compared with embolic (—) patientsand control.

b p<0.001 compared with embolic (—) patientsand control.
¢p<0.001 compared with embolic (—) patientsand control.
dp<0.001 compared with embolic (—) patientsand control.
€p=0.002 compared with embolic (—) patientsand control.
Abbreviations: PF 1+2 = prothrombin fragment 1+2, TAT = throm-
bin-antithrombin 111 complex, B-TG = beta-thromboglobulin, PF4 =
platelet factor 4, PAl-1 = plasminogen activator inhibitor type-1.

increased plasmalevelsof 3-TG (63.3+ 10.9vs. 33.1+ 11.6
and 19.1+ 10.6 ng/ml, p<0.001, respectively) and PF4 (106.0
+28.7vs.50.3+ 16.7and 43.0+ 15.8 ng/ml, p< 0.001, respec-
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tively) compared with those without embolic events and the
control group. Emboalic patients also had higher PAI-1levels
than both nonembolic patientsand healthy subjects(14.4+ 6.4
vs. 8.6+ 5.9and 5.4+ 4.3ng/ml, p=0.002, respectively). No
sgnificant differences were found between the levels of
PF1+2, TAT, B-TG, PF4, and PAI-1in patientswithout embol-
iceventsand control subjects(p>0.05for all).

Discussion

Fragmentation of valvular vegetations as aresult of turbu-
lent blood flow within the cardiac chambers is supposed to
lead to systemic embali in patientswith |E.4 However, there-
sults of echocardiographic studies do not clearly support the
simpleembolushypothesisthat heart valve vegetationsarethe
sole mechanism leading to embolic events in these patients.
Dataregarding the prognostic implication of vegetation char-
acteristicssuch as shape, mohility, and sizefor the occurrence
of thromboembolic eventsare conflicting.2 5 6 We have stud-
ied 76 consecutive patientswith definite | E according to Duke
criteria and correlated the thromboembolic events with the
morphologic characteristics of the vegetations examined by
transesophageal echocardiography. Although there was a
trend toward a higher rate of vegetations detected in embolic
patients, thisdid not reach statistical significancein our rela-
tively large population. It was not surprising that therewasa
significant correl ation between larger vegetations and throm-
boembalic events. However, therewas alarge overlap (1.4 +
0.4vs. 1.0+ 0.3 cm) of thesize of vegetationsin patientswith
and without embolic events, together with alack of significant
differencesin their morphologic characteristics such asloca-
tion, mohility, and attachment properties. This rendered the
structural findings of the vegetations unhelpful as determi-
nantsfor risk calculation of further thromboembolismfor indi-
vidud patients.

Other mechanisms, which have been suggested in the liter-
atureaspossible causesfor systemic embolisminbacterid in-
fections, areactivation of coagulation system and endothdlia
call injury. Recent investigations have demonstrated that sys-
temic bacterid infections congtitute anindependent risk factor
for embolic events even in the absence of cardiac involve-
ment.”—2: 13 Previous reports have stated that severe bacterial
infections changethe prostocycline-thromboxaneratio inthe
direction of thrombosis and induce production of cytokines,
interleukin-1, and tumor necrosisfactor, whichmay leadto ac-
tivation of blood coagulation and platelet aggregation.1* 15
Activation of the coagulation system, which contributes to
theformation of endocardial vegetations, isanimportant fea-
turein the course of bacteria endocarditis. 1618 Buiting et al.
showed the procoagulant activity of endocardial vegetations
and blood monaocytes in rabbits with Sreptococcus sanguis
endocarditis.2 It has been demonstrated that phagocytosis of
bacteria by monocytes on the vegetationd surface might ac-
count for the expression of tissuefactor activity, whichinturn
activatesthe coagul ation system locally in bacterial endocardi-
tis.20 Kupferwasser et al. have also reported that the presence

of other humoral factors, such as antiphospholipid antibodies,
whichweredetectablein asubstantial number of patientswith
IE (14.3%), influencing the coagulation system at severa
stages, addssignificantly to therisk of embolic eventsin IE.2
Patients with elevated levels of antiphospholipid antibodies
showed higher levelsof PF1+2, PAI-1, von Willebrand factor,
and lower levelsof activated protein C than those with normal
levelsof theseantibodies. Dataof the present study add anoth-
er important pieceto the puzzle of the pathogenesis of throm-
boembolic complicationsin bacteria endocarditis. For thefirst
time, we have demonstrated in alarge popul ation that patients
with | E and with subsequent embolizationshad increased sys-
temic coagulation activity compared with those without em-
boli and hedlthy individuals. Because patients with embolic
events before hospital admission as well as those with pros-
thetic heart vaveswereexcluded fromthestudy, it islikely that
elevated coagulation markers reflecting a hypercoagulable
state are causative for and not the consequence of established
thromboemboalic eventsin I E. Itisinteresting that PF1+2 and
TAT levelswere not devated significantly in patientswith |1E
but without thromboembolism compared with healthy con-
trols. This pointsto the important aspect of the situation that
there was asystemic coagul ation activation which may occur
independently of 1E but may be of importancefor theclinical
course, especialy intermsof thromboembolic events. There-
foretheseinfection-associated humoral factorsmay besgnif-
icantly associated with the increased risk of thromboembolic
eventsin |E. Endothelium is now recognized to play apoten-
tidly active role in regulating blood coagulation. Although
normally nonthrombogenic, it may expresstissuefactor when
injured or stimulated by a limited number of substancesin-
cluding endotoxin, interleukin-1, and tumor necrosisfactor.22
Recently, wehave shown the evidence of endothelid dysfunc-
tionin patientswith | E with embolic events.22 Withinduction
of aproadhesive and prothrombotic surface, thismay lead to
activation blood coagul ation and subsequent thrombusforma:
tioninthisparticular group of patients.

Besides the coagulation markers, we have also measured
plasmaPAl-1levelsin the study group. Plasminogen activa-
tor inhibitor-1isanimportant regulator of fibrinolytic activity
inhuman plasma.2* It d so represents afunction of endothelial
rel easeand activation, although platel et granulesalso contain
PAI-1, which may complicate plasmameasures. High plasma
levelsof PAI-1 have been found in conditionsassociated with
increased thromboembolic risk, such asrecurrent deep vein
thrombosis, postoperative period, malignant tumors, septi-
cemia, and coronary artery disease.2>2” High PAI-1levelsin
embolic patientsrepresent decreased fibrinolytic activity and
contributeto the prothrombotic statein thisgroup.

Another important finding of thisstudy wasthefact that pa-
tientswith | E with subsequent embolizationshad significantly
higher 3-TG and PF4 levels, reflecting enhanced platel et acti-
vation and/or damage. Circulating platelets have critical and
complex contributionsto theinitiation of hemostasis, coagula
tion, and arterid thrombogenesis. With induction of aproad-
hesive surface, presence of previoudy suggested endothelial
injury in this subgroup of patients may lead to a subsequent
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digtortion of theendothelia—platel et axisand thrombusforma:
tion. Investigatorshavea so demongtrated that certain bacteria
and other microorganismscan causecompleteandirreversible
platelet aggregation in platelet-rich plasma. 28 2° Platel et-bac-
terial interactions that result in platelet activation have been
shown to proceed through several mechanisms, including ac-
tivation of the complement system on the platel et surface by
endotoxin componentsand direct |ytic destruction of platelet
membrane by hemolysinselaborated by certain bacteria. [so-
lates from individuals with subacute bacterial endocarditis
were reported to have agrester tendency toward aggregating
platel et-rich plasmaspontaneoudy than strains not associated
with endocarditis.3° Putting these datatogether, platelet activa-
tion might play an additional roleinthromboembolic compli-
cationsof |E.

Conclusion

Dataof the present study demonstratethat patientswith I1E
with subsequent thromboembolic events have increased sys-
temic coagul ation activation, enhanced platel et activity/dam-
age, and impaired fibrinolysis. The resulting imbalance pro-
duces asustained hypercoagul able state whi ch contributesto
theincreased risk of thromboembolic eventsin thisparticular
group of patients.
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