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Higher levels of tissue factor (the initiator the procedure, plasma prothrombin frag- (P = .036)]. There was a correlation be-
of blood coagulation) have been found in ment 1 + 2 levels were significantly in- tween the tissue factor content of the
coronary atherosclerotic plaques of pa- creased across the lesion in patients with plaque and the increase in thrombin gen-
tients with unstable coronary artery dis- unstable, but not in those with stable, eration across the lesion ( p = 0.33;
ease, but it is not established whether coronary disease (unstable, median in- P = .038). The higher tissue factor con-
they are associated with a different throm- crease, 0.37 nM; range, —0.35-1.16 nM) tent found in plaques obtained from pa-
botic response to in vivo plaque rupture. (stable, median increase, —0.065 nM; tients with unstable coronary disease was
In 40 patients undergoing directional cor- range, —0.58-1.06 nM) (P = .0021). After  associated with a local increase in throm-
onary atherectomy, prothrombin frag- plaque removal, an increase in prothrom- bin generation, thus suggesting a link
ment 1 + 2, a marker of thrombin genera- bin fragment 1 + 2 across the lesion was with the in vivo thrombogenicity of the
tion, was measured in intracoronary blood observed only in patients with unstable plaque. (Blood. 2001;98:2726-2729)
samples obtained proximally and distally coronary disease (unstable, median in-

to the coronary atherosclerotic plague crease, 0.25 nM; range, —1.04-4.9 nM)

before and after the procedure. Before (stable, 0.01 nM; range, —0.48-3.59 nM)  © 2001 by The American Society of Hematology

Introduction

The rupture or fissuring of coronary atherosclerotic plaque atlsrombin generation in the coronary blood of patients with
subsequent thrombosis are considered the key events in toeonary artery disease.

pathogenesis of unstable angina or acute myocardial infarc-

tion.1:2 Plaque disruption frequently occurs during the course of
atherosclerosis, but only some ruptured plaques develop throm-

bosis3# Tissue factor (the primary initiator of blood coagulaMaterials and methods

tion) is contained in human coronary atherosclerotic plaques and )

is functionally active in vitrd*” There are larger amounts of Study population

functionally active tissue factor in the plaque of patients withhe study population consisted of 40 consecutive patients with coronary
unstable coronary artery disease (unstable angina and myocafery disease who were undergoing directional coronary atherectomy at the
dial infarction) than in those with stable angihaoughly Division of Cardiology, IRCCS Policlinico San Matteo, Pavia, and the
corresponding to the different tendency of stable and unstali@ision of Cardiology, Ospedale Maggiore di Parma, Italy. Patients were
disease to be associated with coronary thrombosis. Hence, piespectively assigned to the diagnostic subgroups by their attending
different thrombotic response to plaque rupture has be@hysicians. Stable angina n22) was defined as a history of chest pain
attributed to variations in tissue factor content. However, thefgduced by exercise or normal daily activity or at least 1-mm ST-segment
is no in vivo evidence of any quantitative association betwedlgpression on the exercise test electrocardiogram. Unstable angindn

tissue factor content and thrombin generation in response vylastdefmg'd as L‘?St'nﬁ chest pa(ujn accompametq byk.tran5|el\r;ltB|?chci_m|c
plaque dlSruptIOn electrocardiograpnic changes and serum creatine Kinase -Traction

. . . . concentrations of less than twice the upper limit of normal. Acute
By cutting the atherosclerotic plaque, directional coronar S ! ) . )
cardial infarction (n= 6) was defined as persistent chest pain at rest

) )
at_he_regomy exposes the plaque content FO flowing blood, tr\”%h ischemic electrocardiographic changes that evolved into pathologic Q
m'm'Ck'ng_Spontaneous_plaque rqpture. This procedure also. Pl@aves or T wave inversions and an increase in the creatine kinase MB
vides a unique opportunity to obtain fresh samples of plaque tissg&.tion of more than twice the upper limit of normal. Patients with unstable
that can be biochemically analyzed and related to the degreea@fjina or myocardial infarction were considered to have unstable coronary
coagulation activation in coronary blood. This study was undejrtery disease (# 18). All patients gave their written, informed consent,
taken to evaluate whether a different amount of tissue factor &nd the study was approved by the Institutional Review Board of Ospedale
atherosclerotic plagques is associated with a different degree Rafliclinico San Matteo.
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Intracoronary blood sampling Statistical analysis

Thrombin generation was quantitated by measuring the plasma levelsTofe descriptive statistics include mean values and standard deviations, or
prothrombin fragment & 2, a 31-kd polypeptide released from the aminanedian values and ranges, as appropriate. Between-group differences were
terminal end of prothrombin during its conversion to thrombin, which isested by using the Student unpairetest or the Mann Whitney test.
considered to be an indirect quantitative index of the thrombin generatedBrevalences were compared by means ofythtest. Correlation between

the prothrombinase compléxAlthough previous studies have usuallytissue factor activity and prothrombin fragment#12 was calculated as
measured prothrombin fragment levels in peripheral venous blood, our g&gearman rank correlation (p). All tests were 2-tailed, &1d .05 was

was to measure it in coronary artery blood collected by means of a speciattgarded as statistically significant.

designed sampling catheter that allows a blood flow of 80 mL/min. A

potential advantage of this technique over peripheral venous sampling is

that it avoids dilution of the fragment in the systemic circulation; a potenti esults

disadvantage is that blood withdrawal through a catheter may itsel

art!factually_/ increase the levels of the fragment. To evaluate pmem@:linical and angiographic characteristics of the study population
artifactual increases, the fragment was measured in venous blood with-

drawn directly from a clean antecubital venipuncture made by means o?ée reported in Table 1. Th_ere was g hlghe_r prevalence of lesions
19-gauge needle at the same time blood was withdrawn through HHith complex morpf_lology n t.he patlent§ with unstable coronary
sampling catheter in 24 patients who had received 325 mg aspirin and3gery disease than in those with stable disease (B001).

U/kg heparin. There was virtually no difference in plasma prothrombin Before directional coronary atherectomy, there was no differ-
fragment 1+ 2 levels between the blood samples obtained directly from thence in the plasma prothrombin fragment-2 levels measured
vein and those obtained from the sampling catheter (0.84 nMfLO8 vs  proximally to the lesion between the patients with stable or
0.86 nM/L = 0.05, respectively). To assess the variability over time of prothrongnstable coronary artery disease, whereas higher fragment levels
bin fragment 1+ 2 levels in the samples drawn directly from the coronaryyere found distally to the lesion in unstable patients{F0045).

artery by means of the sampling catheter, 2 sets of blood samples Wgfg gignificant increase in fragment+12 levels was observed
drawn from the same 24 patients with an interval of 25 minutes (the average

. o . ross the lesion in stable patients, whereas a significant increase
time of the directional coronary atherectomy procedure). An increase was b di tabl tients (Table 2X(E02). Th di
defined as abnormal when fragment levels were above the 95th percentilg\'gtS observed in unstable patients (Table 2 )- The median

the distribution of the changes between the 2 samples (0.11 nM). change in prothrombin fragment levels across the lesion was
significantly greater in patients with unstable coronary artery
Blood processing and measurement of thrombin generation disease (P=.0021); there was a median increase of 0.37 nM

i _ ) ) range,—0.35-1.16 nM) in unstable patients and a median decrease
Samples were collected through the sampling catheter directly into refrigeraied 0.065 nM (range=-0.58-1.06) in stable patients. An abnormal
plastic tubes containing an anticoagulant mixture consisting of a thrombin P ) )

. ; o
inhibitor, EDTA, and aprotinin. The anticoagulant blood ratio used was plgerease In the fragment was abserved in 71% of the unstable

(volivol). Blood samples were immediately centrifuged at 2500¢5 minutes  PatieNts but in-only 28% of the stable patientg” € 7.24;

at 4°C; the plasma was frozen on dry ice and stored&2°C until use. All P =.007).

samples were analyzed by laboratory personnel who had no knowledge of theAfter plague removal, there was no difference in the fragment levels
clinical data. Plasma levels of prothrombin fragment 2 were measured by measured proximally to the lesion between the patients with stable and
means of a previously described double-antibody radioimmunoassay, which bastable coronary artery disease, whereas significantly higher levels
a coefficient of variation of 8%. were found distally to the lesion in patients with unstable disease

(P =.027). No significant increase in fragment-12 was observed
Coronary angiography and directional coronary atherectomy

Selective coronary arteriography was performed in multiple views using ﬂf@ole 1. Clinical, angiographic, and procedural characteristics of patients

Judkins technique. Greater than 70% narrowing in the diameter of the corongy stable or unstable coronary artery disease

arteries was considered significant coronary artery stenosis. Patients were Al Stable Unstable

classified as having 1-, 2-, or 3-vessel disease according to the number of vessels (N = 40) (n=22) (n=18)

with significant coronary stenoses. Angiographic morphology of the lesions was- —

prospectively assessed and was considered complex if the lesions had irre§UifF?! characteristics

borders, overhanging edges, ulcerations, or thromboses. Age (y) (%) 5376 544 =73 525=82
Before directional coronary atherectomy, patients were given 160 to 325 m ales (%)_ 37(92) 20 (91) 174

aspirin and heparin U/kg 70 adjusted as needed to maintain an activated clottifdPerension () 17.(43) 10(45) 7(39)

time of more than 250 seconds. Directional coronary atherectomy was performeg"°ke's (%) ) 20(50) 1255 844

using standard procedures. Briefly, the atherectomy device was directed over {Percholesterolemia (%) 17.(43) 762 10(56)

previously inserted 300-cm-long guide wire and positioned at the level of the®20etes (%) 20 16 1)

stenosis, and the support balloon was then inflated up to 1 atm. The cutter w&&™ history (%) 21 (53) 12 (55) 10(56)

then retracted, and the inflation pressure of the balloon was increased to %{_ev'ous _M' (%) _15_ 38 10.(45) 529

maximum of 3 atm. The driving motor was started, and the rotating cutter slov(i{)91°9raPhic and procedural characteristics

was advanced to cut and collect the protruding plaque in the collection chamb@}®- diseased vessels

located at the tip of the catheter. After each pass, the balloon was deflated and* (ZA’) 22(55) 12 (55) 10 (56)
either removed or repositioned. 2(%) 11(28) 7(32) 4(22)
3(%) 7(7) 3(14) 4(22)

Plaque processing and measurement of tissue factor Lesion morphology*
rocoagulant activity Smooth (%) 21 (53) 18 (82) 3(17)
P Complex (%) 19 (47) 4(18) 15 (83)
After thawing, the lipid-bound proteins in the plagues were solubilized No. cuts 5.3 (2-9) 5.6 (2-9) 5.0 (2-7)

using 1% Triton X-100 in phosphate-buffered saline for 2 hours at room ) ) .
t t dth trif d at 50 GO h t20°C. Ti Continuous variables are expressed as means = SD or medians and ranges as
emperature an enwere centriiuged al § houra - lissue appropriate. Means were compared using the Student unpaired t test; medians were

factor activity was analyzed in the supernatant using a previously publish@ghpared using the Mann-Whitney Utest. Frequencies were compared using the x2 test.
chromogenic factor Xa generation assay. *P < .0001.
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Table 2. Prothrombin fragment 1 + 2 levels before and after directional sclerotic p|aques exposed to ﬂowmg blood, and they found a
coronary atherectormy positive correlation between the amount of tissue factor detected by

Stable (n = 22) Unstable (n = 18) P means of in situ binding assays and both platelet and fibrinogen
Before directional coronary atherectomy deposition. Tissue factor staining of the lipid-rich core was more
F1 + 2 proximal nM 0.95 (0.44-2.08) 1.16 (0.74-3.22) NS intense than that of all of the other plaque components, and there
F1+ 2 distal nM 1.00 (0.44-2.64) 15(0.51-3.96) 0045 \was also a higher level of platelet and fibrinogen deposition.
i NS 002 Finally, a recent study has shown that a thrombus could be
Change nM ~0.065 (-0.58-1.06)  0.37 (—0.35-1.16) .0021 . . . .
g histologically detected only in coronary atherectomy specimens
After directional coronary atherectomy h ized by i hi h ically d ble i fa
F1 + 2 proximal nM 1.06 (0.42-2.61) 103 (0.68-3.49) NS c aracterl.ze. y immunohistoc emically etectable tissue factor.
F1 + 2 distal nM 0.97 (0.49-5.71) 1.31 (0.69-6.17) o027  Allthese flndlngs_ strongly support th(_e view that the presence a_nd
P NS 043 amount of functional tissue factor in coronary atherosclerotic
Change nM 0.01 (—0.48-3.59) 0.25 (—1.04-4.91) .036 plagues may be critical for thrombus formation in acute coronary
- events. However, it is still unknown whether higher levels of tissue
Data are expressed as medians and ranges. . . . . . . .
NS indicates ot significant. factor in coronary plaques in vivo is associated with increased

thrombus formation after plaque rupture.

across the excised lesion in stable patients, whereas a significant increas-(l;.hIS study confirms that tissue factor activity is greater in the

was observed in unstable patients (Table 2j-(P43). The change in coronary athgrosclerotic pla}qugs exFracted fr.om patients with
fragment levels across the lesion was significantly greater in the patie table_ angina or myocardl_al infarction than_ n _those extracted
with unstable coronary disease €P.036), with a median increase of rom patients with stable angina. The new finding is that the local
0.25 nM (range;~1.04-4.91) compared with 0.01 (range0.48-3.59) (intracoronary) measurement of thrombin generation makes it
in stable patients. The median changes in prothrombin fragmer 1 POSSible to demonstrate that greater tissue factor activity in
across the lesion before and after directional coronary atherectomyv\f?e'itéerosclero“C plaque is associated with a greater increase in

not significantly different in either stable or unstable patients. AWfomb'” generation across the lesion, before and after plaque

abnormal increase in the fragment was observed in 65% of the unst&if§uPtion induced by directional coronary atherectomy. Of the

patients and in 27% of the stable patienf£5.4; P = .01). Percent- patlents W_ith unstaple coronary artery disease, 71% had abnormal
ages of patients with abnormal increases before and after directidfi&f€@ses in thrombin generation before the procedure and 65% had
coronary atherectomy were not significantly different between the staBig¢m after the procedure; of those with stable disease, 27% had
and the unstable patients. However, although the greater change@k%Hormal increases in thrombin generation across the lesion before
the fragment were observed after directional coronary atherectomy!fy§ Procedure and 25% had them after the procedure. Perhaps the
stable and unstable patients, these were more pronounced in 3fRAter increase in thrombin generation observed before the
unstable patients. procedure in patients with unstable coronary artery disease oc-
Median weights were as follows: extracted plague, 5.7 nfgirred because most of them already had a ruptured plague that
(range, 0.15-15.1 mg); coronary plaque of patients with stapfgPosed tissue factor. Patients with stable angina have smooth,
disease, 4.5 mg (range, 0.15-9.7 mg); coronary plaque of patiefiggous, nonulcerated plaques with little exposure of tissue factor.
with unstable disease, 7.2 mg (range, 0.8-15.1 mg). Tissue facf¥e surmise that in patients with unstable plagque, the thrombogenic
activity per milligram plague weight ranged from 0 to 5.3 mU/mgMaterial is already exposed and so the lesions induced by atherec-
It was greater in the plagues extracted from patients with unstaffny do not further increase such a thrombogenic stimulus. On the
disease than from patients with stable disease (0.258 mu/@ier hand, in patients who have stable plaque at baseline, the
[range, 0.08-5.30 mU/mg] vs 0.156 mU/mg [range, 0-1.94 mugsions induced by atherectomy theoretically expose a new surface
mg]; P =.011). There was a statistically significant positivd0 prothrombin activation, but the local thrombotic stimulus is too
correlation between the tissue factor activity of the removed plagugak and inadequate to reach the level of prothrombin activation
and the increase in thrombin generation across the lesion after §&€n in unstable patients. The highest values of thrombin genera-
procedure (p = 0.33° = .038). tion across the lesion were observed in patients with unstable
coronary artery disease after atherectomy. We hypothesize that this
strong thrombogenic stimulus may lead to the thrombotic complica-
Discussion tions occasionally observed during percutaneous coronary interven-
tions despite intensive antithrombotic therapy.
Tissue factor has been detected within the necrotic cores of On the whole, these findings further support the notion that
endo-atherectomy specimens from patients with carotid atherosgigque rupture and exposure of the atheromatous core is not the
rosi® and in atherectomy specimens from patients with coronaonly precipitating event in determining coronary thrombosis. The
artery diseas&? Furthermore, the tissue factor found in atherosclerature of the plaque components exposed to flowing biéod,
rotic plaques has been shown to be functionally active in vittogether with the local rheologic and systemic blood factars
because it is capable of generating activated factbinXan ex vivo unstable patients, are also critical in determining the extent of the
model, Toschi et & and Badimon et & used a perfusion chamber prothrombic response. In this respect, tissue factor appears to be a
to evaluate the platelet and fibrinogen deposition on aortic athewitical plaque component.
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