View metadata, citation and similar papers at core.ac.uk

provided by Elsevier - Publisher Connector

JACC Vol. 24, No. 6
November 15, 1994:1484-91

Thrombin Generation in Human Coronary Arteries After
Percutaneous Transluminal Ballcon Angioplasty

JONATHAN D. MARMUR, MD, PIERA A. MERLINI, MD,* SAMIN K. SHARMA, MD, FACC,
NEDA KHAGHAN, BA, SABIMNO R. TORRE, MD, DOUGLAS H. ISRAEL, MD,
DIEGO ARDISSINO, MD,t JOEN A. AMBROSE, MD, FACC

New York, New York and Milan and Pavia, ltaly

Ofjectives. The 2im of this study was to investigate the relation
between coronary atherosclerotic plaque injury and activation of
the coagulatisn cascade.
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contrast, plasma Gbrinopeptide A levels dp 1 to the
Jesion before angioplasty (median 2.0 ng/ml, 95% CI 1.3 to 22)
were similar to those measured aller apgioplusty {median
1.8 ag/ml, 95% CI 1.3 to 3.0, p = NS). After we defined 2 normal

f efter atherosclerotic plaque
bas been implicated in the pathogenesis of ath rangeofi
rosis, unsiable angina and myocardis) infarction.
Methods. Bi markers of jon (pro-
hrombia (: F,,2) and thrombin activity (fibrinopeptid

A) were measured in mmmry Slood bel‘ore. during and Immedl-
ately after p | coronary angioplasty. After

variability en the basis of values cbtained from
samples drawn proximal asd distal to the lesion before angio-
plasty, seven patients (27%) bad a significant increase in F,...
plasma levels. A significart increase in plasma fibrinopeptide A
occurred in five of these seven patients. Lesions with dissection,
filling defects or haziness on postangioplasty angiography were

demsntmg that blood withdrawal through an angiopl
catheter docs not arfifactually elevaie the plasma levels of these
marke?s in patients after heparinization, coronary artery samples
wore collected proximal and distal to the Jesion before and disial
1o the levion after baltoon infiation in 26 patients,

Results, Plasma levels of F, ; measured proximal to the lesion
before angieplasty (median 6.47 nmokiter, 95% confidence inter-
val [T} .40 to 0.5¢) were significantly elevated after angiopl.

with more thromb tham levions without
these featares.

Conclusicns. Markers of and activity can
be collected safely and assayed accurately in beparinized blood
withdsawa threugh an u;iopllny alleier Balloon difativa of

stenoses i

(median 0.55 nmolfiiter, 35% CI 0.46 to 0.72, p = 0.001). In

ion and activity
within the artery in a substantis} p of patieats
o (7 Am Coll Cardiol 1994:24:1484-91)

from ic fesions has d d ized thromb

| coronary angioplasty is co

used for the treatment of symptomatic coronary artery disease
(1) but may be complicated by the g of a thrombus at
the site of ballaon dilation. Muzal thiombuts formation may
result in abrupt closure (2) and may participate in the devel-
apment of intimal hyperplasia (3,4), the pathologic hallmark of
festenosis after angiopiasty.

The presence of thrombus as an early event after coronary

gioplasty has been d | by a varicty of techniques,
including angiography (5) and angioscopy (6). In additicn,
pathologic ination of ath y speck derived
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in ~25% of lesions (7). These examples of thrombus detection
suggest that acuvauon of the clotting cascade occurs in asso-
ciation with angiopl y H the af ioned tech-
niques provide a static image of thrombosis and are therefore
insufficient to detect wheiher blood clotting was initiated
before, during or after angioplasty.

By measuring peptides that are released at each step of the
coagulation cascade, it is possible to assess the dynamic
biochemical events that are associated with active clot forma-
tion (8). These peptides include fibrinopeptide A (9,10) and
prothrombin fragment F,., {11,12). Fibrinopeptide A is re-
leased from the alpha-chain of ﬁbnnogen when thrombin
converts ﬁbnnogen to ﬁbun and is therefore an indicator of

hrombi in activity. Pr P F.ais d from

inal portion of p bin when it is con-

verted to thrombm by activated factor X {Factor Xa) and is

fore an indi of thrombi ion. The plasma

levels of these peptides are elevated dunng active thrombasis
®).

We ly d that these p mayserve asb
ical markers of thrombosis in the setting of coronary balloon
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angioplasty. In this study, peptide levels were therefore mea-
sured before and after coronary angioplasty in blood with-
drawn directly from the coronary artery. The results demon-
strate that of coagulation peptides from blood
withdrawn through an angioplasty catheter is feasible and safe
and suggest that angioplasty results in increased thrombin
generation and activity in a subset of patients and that tiis
subset is associated with a higher incidence of lesion: complex-
ity on postangioplasty angiography.

Methods

Pilot study. Although plasma activation peptide levels have
generally been assayed in peripheral venous blood. our goal
was to measure them in coronary artery blood collected
through a coronary angioplasty catheter positioned near the
site of balloon dilation. A potential advantage ci this technique
aver peripheral venous sampling is that dilution of peptide
levels with mixed venous blood is avoided. A potential disad-
vantage is that blood withdrawal through u long, marrow
angioplasty catheter may itseif clevate plasma leveis of fibrin-
opeptide A and Fy.,. To determine the feasibitity of blood
withdrawal through an angioplasty catheter, a pilot study was
therefore performed.

The pilot study inclided six patients treated with coronary
angioplasty for stable angina. All paticats received a daily dose
of 325 mg of oral aspirin. Peptide levels were compared in each
patient by means of four sets of samples, The first set {sev 1)
was withdrawn by venipuncture from the right antecubital
fossa and the second set (set 2) by aspiration from the femoral
artery sheath (USCI) (8F, 2.7-mm internal diameter, 11.5-cm
length), both before heparinization. After systemic intravenous
heparinization (10,000-U bolus, followed by infusion of
1,000 U/h), an angioplasty catheter was advanced to the ostium
of the left main or right coronary artery, and a third set of
samples (set 3) was asp ] through the angioplasty catheter
(Baxter Scientific) (0.020-in. [0.5 mm] internal diameter,
135-cm length). A coronary guide wire was not used during
advancement of the angioplasty catheter to the ostium of the
vessel, and therefore set 3 was collected through the balloon
catheter lumen with no guide wire present. A final set (set 4}
was then collected from the left ant cubital fossa by venipunc-
ture. Set 4 was withdrawn immciliatcly after set 3. The
preheparin arterial samples (set 2) were not withdrawn
through the angioplasty catheter because of the risk of blood
clotting on the external surface of the balloon or within the
catheter lumen,

Coronary angioplasty study. After a feasibility d
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failure to cbtain iuformed consent. The protocoi was approved
by the lnstitutional Review Board of the Mount Sirai Medical
Center, and all patients gave written informed consent.

In contrast to the pilot study, blood in the coronary
angioplasty study was collected at three separaic times. After
baseline coronary angiography and before balloon insertion,
the first sct of samples (proximal to lesion before angicplasty)
was withdrawn from the guiding catheter positioned in the
ostium of the left main or right coronary artery. The second set
of blood samples (distal to lesion before ansioplasty) was
withdrawn through the angioplasty catheter after the lesion
had been crossed, before the balloon was inflated, to dater-
mine baseline fluctuations of plasma levels of fibrinopeptide A
and Fy., across the lesion. The coromary guide wire was
removed before withdrawal of this set and then reinserted. 1 a
patient experienced chest pain or hemodynamic instability
after the lesion was crossed with the balloen catheter, the
second set of samples was not collected. After successful
dilativn, the wire was again removed, and the third and
complete set of samples (after angioplasty) was withdrawn
through the angioplasty catheter positioned just distal to the
site of the lesion. Angioplasty was performed using standard
procedures as previously described (5).

As in the pilot study, all patients received 325 mg of oral
aspirin and intravenous heparin (10U000-U bolus, followed by
infusion of 1,000 U/} before coromary angioplasty. Before
blood samples were drawn, the activated clotting time was
meusured in the catheterization laboratory using the Hemo-
chron (laternational Technidyne Corporation). Throughout
the procedure, the rate of i heparin was adjusted to
maintain the activated clotting time >300 s.

Collection and processing of bloed samples. All blood
sumples were obtained by two investigators (J.D.M., P.AM)
using precooled plastic syringes preloaded with anticoagulant
provided by the manufacturer of the kit used for radicimmu-
nologic determination of plasma fibrinopeptide A (Byk-
Sangtee, Dictzenbach, Germany). No heparin-bonded cathe-
wers or sheaths were used in this study. Venous samples were
collected by means of meticulous venipuncture using a 19-
gauge butterfly without a tourniquet. The first 4 ml of venous
blood was discarded. Arterial samples were collected from the
femoral sheath and coronary angioplasty catheter after dis-
carding 4 and 1 ml of blood, respectively. A total of 2.7 mi of
blood was then withdrawn to determine the levels of fibrin-
opeptide A and Fy., (blood/anticoagulunt ratio 0.9:3.1 vA).
After collection of blood samples, plasma fractions were

tion, patients treated for stable and unstable angma with
coronary angjoplasty at L. Mount Sinai Medical Center
Cardiac Catheterization Laboratory (New York} were consid-
ered for enrollment in the study. Exclusion criteria included
acute myocardial infarction, usc of a fixed wire balloon or

caronary catheter, h ic instability, renal
failure, hematocrit <34%, presence of an aortic aneurysm,
11 in a thrombolytic trdal for ble angina and

biained by ifi at 4°C for 20 min at 2,500 rpm
(1,600 g) an.d stored at —80°C.

Cetermination f plasma activation peptide levels. Fibrin-
opeplide A was meusured by enzyme immunoassay in plasma
extracted twice with bentonitc to remove fibrinogen (Byk-
Sangtec). This method has an interassay coefficient of variation
of 5.4%. The plasma concentrations of Fy ., were deterrained
by doubl body radio as previously deseribed
(12). The interassay coefficient of variation for this technique s
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8%. Samples were analyzed without knowledge of the clinical
data.

Angiographic analysis. Atherosclerotic lesions to be treated
with coronary angioplasty were visualized angiographically in two
orthogonal views before and after the procedure. Angicgrams
were interpreted by two cxperienced angiographers without
knowledge of the results of the peptide assays. Lesions were
characlerized before angioplasty as zomplex or simple according
to Ambrose et al. (13). Lesions were characterized after angio-
plasty by determining the presence or absence of angiographic
filling defects (definite thrombus), translucency {possible throm.-
bus) and dissection (a linear radiodensity adjacent to the site of
dilatation) ($). A nonideal lesion morphology after angioplasty
was defined as a lesion associated with dissection, translucency or
filling defects.

Statistical analysis, Coeffici of sk and kurtosis
were calculated to test for deviations from a normal distribu-
tion. Because the coagulation peptide levels were found to be

lly distributed, ic statistics were used.
Paired data were analyzed by means of the Wilcoxon signed-
rank test. Descriptive statistics include mean value * $D or
median and 95% confidence interval (95% CI). The normal
range of values for plasma fibrinopeptide A and F,, in serial
samples withdrawn from an angioplasty catheter in patients
after heparinization is not known, To determine which patients
exhibited a significant increase or decrease in plasma levels
between two samples, we therefore defined the upper normal
limit of change as the 95th percentile of the distribution of the
changes between samples collected proximal versus distal to
the lesion before coronary angioplasty (17 patients), which was
1,73 ng/ml for fibrinopeptide A and 0.11 nmol/liter for F,, 5.
To calculate changes in peptide levels before and after angio-
plasty (AF, , 5, AFPA), the peptide plasma value in the samples
drawn proximal to the lesion before angioplasty were sub-
tracted from the plasma value of the corresponding peptide
1 in the pc iopl; set of samples. All tests
presented in this repon were two-iailed, Plasma peptide
concentrations for a group of patients were deemed signifi-
cantly different from a reference group when both the median
was outside the 95% Cl1 of the reference group and p < 0.05
(14).

Results

Pitet study. The plasma levels of the activation peptides
from the six patients enrolled in the pilot study are shown in
Figure 1, in which each line connects data derived from an
individual patient. Sets 1, 3 and 4 include peptide levels
derived from all six patients. Set 2 includes data from four of
the six patients. Compared with venous blood collected by
venipuncture (set 1), prehieparin fibrinopeptide A levels were
significantly elevated in arterial blood withdrawn through the
femoral sheath (set 2) (median 5.1 ng/ml [95% C12.2 to 13.7]
vs. 32.8 ng/ml [95% CI 193 to 45.2), respectively, p < 0.05),
This artifactual elevation in plasma fibrinopeptide A concen-
tration was letely inhibited by the administration of
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Figure 1. Pilot study. Serial plasma fibriropeptide A (FPA) and
prothrombin fragment F, , , levels before (sets 1 [n = 6] and 2 [n = 4})
and after (sets 3 and 4 [n = 6 for both}) heparin administratior. Each
line connects data points derived from the same patient. Blood was
collected by veaipuncture (VEIN), aspiration through a femoral artery
sheath (FEM SHEATH) and by aspiration through an angioplasty
cathieter (PTCA CATH).

intravenous heparin. The fibrinopeptide A levels in samples
withdrawn either from the catheter or from a peripheral vein
after the patients received full anticoagulation with heparin
were similar to those of venous samples withdrawn before
catheterization and heparin administration (set 3, median
2.5 ng/ml [95% CI 1.5 10 4.6}; set 4, median 2.8 ng/ml {55% CI
1.5 to 14.9]; set 3 and set 4 vs. set 1, p = NS),

The plasma tevels of I, .., varied minimally as a function of
the sampling conditions. Blood withdrawal through the arterial
sheath before heparin (set 2) resulted in a small, statistically
insignificant artifactual elevation of F, , . levels (set 1, median
0.93 nmolliter [95% C1 0.69 to 3.18] vs. sct 2, median 1.54
nmuVlncr [95% Cl 096 to 3.10, p= NS) Th:s elevation was

inated by the i ion of hepa-
rin. The concentration of F,, in postheparin angioplasty
catheter blood (set 3) was similar to the venipunciure samples
before (set 1) and after (sct 4) heparinization (set 3, median
0.92 nmolftiter [95% CI 0.58 to 2.49]; sat 4, median 0.94
nmolfiter [95% CI 0.67 10 2.7}, p = NS).

After heparinization no significant difference in either
fibrinopeptide A or F,, , leve's was obscrved between samples
obtained by venipuncture and samples obtained through the
coronary angioplasty catheter (set 3 vs. 4). These obser ns
support the feasibility of accurately measuring the levels of
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Table 1. Plasma Fibrinopeptide A and Prothrombin Fragment F, _,

Levels (median and 95% confidence interval) in 17 Patients With

Samples Collected Both Proxima and Distal to the Lesion Before

Coronary Angioplasty
Sample

Before PTCA
Pruximal to lesion
Distal 1o lesion

After FTCA

FPA (ngrml) F, . (nnwolliter)

049 (0.40-0.6%)
043 (0.39-0.50)
057 {0.46=0.75)"

*p < 0.05 versus preangioplasty (distal to lesion), FPA = fiurinopeptide A:
PTCA = coronary angioplasty

coagulation peptides in coronary blood withdrawn through an
angioplasty catheter in patients after heparinization.

Covonary angioplasty study. Patienr characrerisiics. Be-
tween January 7 and March 9, 1992, 101 patients undenvent
percutaneous coronary revascularization at the Mount Sinai
Medical Center in New York. Seventy-two patients w
excluded from the study for the following reasons: participa-
tion in a thrombolytic trial (5) (n = 26). use of a fixed wire
device (n = 15), athercs {n = 10, ilability of
technical staff (n = 7), systemic disease {(n = 5). age >80 years
{n = 4), failure to odtain informed connm {n = 3), inability to
cross the lesion with a balloon (n = 1) and presence of 2
thoracoabdominal ancurysm (n = 1). The remaining 29 pa-
tients were enrolled in the study. In three patients the fevels of
fibrinopeptide A after coronary angioplasiy were >20 ng/mt.
These patients were excluded from the analysis because such
levels are likely to represent artifacts and to imc:rfcrv~ with the
accurate of F,,, (unpublished data). Thus, the
study included 26 patients (me.m [£SD] age 57 = 12 years; 19
men, 7 women).

Twenty of the 26 patients had a diagnosis of unstable
angina. Of these 20, 9 had crescendo exertional angina (Cana-
dian Cardiovascular Society class I1T), 9 had experieneed rest

F1+2 (nmollL)

FPA (ng/ml}
[

p<0.05

s _I_

LY/
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pain {class IV), and 2 had rest pain after a myocardial
infarction within the previous month. All patients were treated
wich oral aspirin {minimal dose 325 mg on the day of coronary
angioplasty). Patients with rest pain were treated with intrave-
nous heparin that was stopped ~2 ta 3 h before angioplasty.

Cougulation peptide levels. Tn all 26 patients, blood samples
were collected proximal to the lesion before angioplasty and
distal to the lesion after angioplasty. In 17 of these patients,
samples were also collected before balloon inflation with the
angioplasty catheter positioned distal to the lesion. Results
from these 17 patients are summarized in Table L. Before
angioplasty, the plasma levels of fibrinopeptide A and F.,
measured proximal to the stenosis were statistically indistin-
guishable from those measured distal to the stenosis. Com-
pared with samples collected distal to the lesion before angio-
plasty. samples collected after angioplasty demouwstrated a
significant increase in F; levels (median 0.43 nmoliter [95%
C10.39 to 0.56] vs. median 0.57 nmol/titer [935% C1 046 to
0.78), respectively, p < 0.05).

For all 26 study patients, the individual changes in F ., and
fibrinopeptide A plasma levels during coronary angioplasty are
shown in Figure 2. Compared with the levels seen before
angioplasty (proximal to lesion), plasma levels of F,., after
angioplasty were significantly elevated (median 0.47 nmolfiter
[95% C10.40 to 030} vs. inedian 0.55 nmolliter [95% CI0.46
tw (.72, respectively, p = G.001). In contrast, the plasma
fibrinopeptide A levels before angioplasty (proximal to lesion)
were similar to those found after the procedure (median 2.0
ng/mi [95% CT 1.3 to 2.2] vs. median L8 ng/ml [95% CI 1.3 10
30 p = NS).

Figure 2 demonstrates that although the overall changes in
plasma Fy. and fibrinopeptide A are minimal, there arc a
number of individual patients in whom a marked elevation in
peptide tevels is apparent. Because the normal range of values
tor our patients is unknown, we used data from the angioplasty

Figure 2, Coronary angioplasty study. Plasma
Jevels of fibri) ide A (FPA)and p

bin fregment F,., in coronary bleod before
(PRE) and after (POST) balloon angioplasty.
Horizontal bars represent medians: error bars
span the 956 confidence intervals.

PRE POST PRE



1488 MARMUR ET AL
THROMBIN GENERATION AFTER ANGIOPLASTY

AFPA {ng/ml)
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AF 142 (nmoll)

Figare 3. Coronary angioplasty study. Correlation of changes in
plasma fibrinopeptide A (AFPA) levels with those in plasma prothrom-
bin fragment F,., (AF,,,) levels before versus after angioplasty.
Stippled lines indicate the upper normal limits of change for repeated
sampling. The two patients with a significant decrease in plasma
fibrinopeptide A ate indicatcd by solid circles. Each poiat is derived
from a single patient (n = 26, r = 0.5, p < 0.0f),

study to definc as significant (for an individual patient) an
increase in Fy . > > 0.11 nmol/liter and fibrinopeptide A > 1.73
ng/ml (see Statistical analysis). Of the 26 study patients, seven
(27%) and five (19%) had a significant increase in plasma F, , ,
and fibrinopeptide A levels, respectively (Fig. 3). Of the seven
“patients with an elevation in plasma Fy, 5, five had a concom-
itant increase in plasma fibrinopeptide A. In two patients, an
isolated increase in plasma F| ., occurred without an increase
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Adequacy of heparinization. The degree of anticoagulation
by heparin was assessed by measuring the activated clotting
time (see Methods). In all patients an activated cloting time
>300 s was decumented before blood was drawn for plasma
peptide analysis. For all patients in the coronary angioplasty
study, the mean activated clotting time was 398 * 67 s (range
303 to 610). Activated clotting time in the 7 patients with a
significant increase in plasma F , , was not different from that
in the remaining 19 patients (418 % 63 vs. 392 + 695, p = NS).
Similarly, activated clotting time in the 3 patients with a
significant increase in plasma fibrinopeptide A did not differ
from that in the remaining 21 patients (405 = 59 vs. 397 * 71 s,

p=NS).
No lati was found b d clmling time
and change in fibri de A or b d clotting

time and change in F,,z (r = 0.05 and r = 0.001, respectively,
p=NS).
Ang:ogmphnc resulls aml relation to coagulation peptide levels.
jul coronary angioplasty, as defined by a residual
stenosis <50%, was achicved in all patients. Postangioplasty
anglography rcvealed that 16 patients had a nonideal lesion
logy (di in7, | tesion app in
7, ﬁlllng defect in 2). These characteristics were absent in the
remaining 10 patients. A greater increase in F ., levels after
angioplasty occurred in patients with a nonideal lesion mor-
phology (median increase 0.07 amolliter [95% CI 0.03 to
0.16]) than in those with a more desirabie lesion morphology
(median increase 0.02 nmolliter {95% CI 0.00 to 007] p<
0 05) on postangioplasty angiography. The median increase in

in plasma fibrinopeptide A. No el in fibrinapeptide A
occurred in the absence of an increase in plasma F, ... Peptide
levels in patients who had increased plasma levels of fibrin-

opeptide A or F, ., or neither, are shown in Table 2.

ide A was not significantly different between the

wo gxoups (~0.3 ng/ml [95% CI 1.5 to 2.6] vs. —0.2 ng/ml
[95% CI 04 to 0.4}, respectively).

Ol’thc l6pauemswnlhanomd=allesmmrphologyon

For the 26 study patients, a significant lation was
found between the changes in plasma fibrinapeptide A and
F}. ; levels before and after coronary angioplasty (r = 0.5, p <
0.01) (Fig. 3).

As shown in Figure 2, 15 paticnts had a decrease in plasma
fibrinopeptide A after angiop A significant decrease in
plasma fibrinopeptide A (1,73 ng/ml) (see Statistical analysis)
occurred in only two of these patients (Fig. 3).

y angiography, a significant increase in plasma F, ,
andﬁbnnq:epnde A was detected in 6 and 4 pauenls,rcqnc
tively, Activated clotting time showed no difference in extent of
anueoagulamnﬂ‘ﬂ +62svs. 400 > 795.mspemvely p=NS).

ideal lesion hal gioplasty angiog-
raphy was seen in 6 of the 7 ptments wnlh a slgmﬁcsnl increase
in plasma Fy,, (vs. 10 of the 19 with no increase in plasma
F\.2) and in 4 of the 5 paticnts with a significant increase in

Table 2. Peptide levels (median and 95% confidence interval) in Patients Who Had Increased Plasma
Fibrinopeptide A or Prothrombin Fragment F, ., or Neither

No.of FPA (ng/ml) Fy, ; (amabliter)

Pt Group Pis Before PTCA After PTCA Belore FTCA After PTCA

Increased FPA 5 25 813 0454 072§
(L U~3 5 [EX 6-l23) (0.32-065) (0.48-0.78)

focrewed FpL 7 6488 278
(1 o s 9) . 3-12 3) (0. JZ—D 65) (0.48-090)

No increase in FPA 19 15 052

arFy., (L. 3—" 4) (11-20) (0.38—0 20} {0.40-0.31)

*p < 0.05 versus plasma fibrinopeptide A (FPA) kevels aler

Tp< 088 ide A levels

before angioplasty. $p < 0.05 versus F, . levels after angioplasty. 5p < 005 versus F Jevels before angioplasty. [Encludes
the five patients with increased plasma fibrinopeptide A levels. PTCA = coronary angioplasty; Pi(s) = patient(s).
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plasma fibrinopeptide A (vs. 12 of the 21 with no increase in
plasma fibrinopeptide A, p = NS for both groups).

Relation of coagulation pepride levels to clinical syndromes
and preangioplasty angiographic lesion morphology. Neither the
I ing clinical synd (ie. ble vs. stable annina.
sest vs. exwrtional pain} ner the preangioplasty angiographic
{esion morphology (i.e.. complex vs, simple) was found to de
associated with significantly greater or lesser baseline plasma
levels or changes in plasma levels of F , , or fibrinopeptidz A,
Baseline levels and changes in plasma F, . , levals were similar
in the 11 patients with and the 15 patients without rest pain
(rest pan present, median baseline F,,» (.46 nmol/liter {937
CI 0.36 to 1.09], median change in F,_, 0.04 nmol/liter (957
C1 0.00 to 0.17]; rest pain absent, median bascline F, - 149
nmol/iter [95% CI 0.37 to 0.63], median change in F,,, (.4
nmolliter [95% C10.01 to 8.16]. p = NS}. There was a stightly
greater increase in plasma fibrinopeptide A levels in patients
with than without rest pain (rest pain present, median change
in fibrinopeptide A 0.2 ng/ml [95% Cl — 1.4 to 5.6}: rest pain
absent, median change in FPA —4.3 ngrm! [95% CI —0.9 10
1.4}, p = NS).

A complex lesion morphology on preangioplasty angiogra-
phy was present in seven patients, five {71%) of whom had rest
angina. Baseline ptasma levels and changes in plasma levels of
F,,, and fibrinopeptidc A were not significantly different in
patients with versus those without a complex lesion morphot-

ogy (complex morphology present, median bascline Fy, . 046
nmolllller {95% CI 0.3 to 0.65], median change in F,, , 0.08
nmolliter [95% Cl 0.04 to 0.41], median baseline fibrinopep-
tide A 3.7 ng/ml [95% CI 1.0 to 59]. median change in
fibrinopeptide A —1.1 ng/ml {95% C1 -2.2 to 6.1; simple
morphology present, median baseline F,., 0.48 nmobliter
{95% C1 0,37 t0 0.80], median change in Fy. > 0.03 amolditer
[95% C1 001 to 0.09]. median bascline fibrinopeptide A
1.5 ng/m! {95% CI 1.1 to 2.5], median change in fibrinopeptide
A 0.1 ng/ml [85% C1 ~08 1o 1.0], p = NS].

Discussion

The pathologic event that underlies the clinical syndromes
of unstable angina and myocardial infarction is the disruption
of an atherosclerotic plaque in association with a superim-
posed thrombus (15). Balloon angioplasty results in plague

ing and dissection (16) and therefore provides a model
10 study the events associated with coronary plaque ruptire.

In its chronic, stable state the atherasclerotic plaque is
covered with a nonthrombogenic endotheliulized fibrous cap.
Disruption of this cap pa.rmns circulating blood to come into
contact with procoagulant elements within the plaque, such as
collagen and tissue factor {17). This sequence of events has
been presumed to be in part responsible for the development
of thrombosis in atherosclerotic vessels (18).

The changes in coronary pl;mma F i reported in this study
‘ that the of th bin within the coro-
pary artery is detectable in a substantial portion of patienls
undergoing coronary angpioplasty. Because an increase in
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plasma F, ., » was seen only in samples collected after balloon
inflation and not in samples collected after crossing the lesion
but before balloon inflation, the gencration of thrombin was
most likely caused by balloon-mediated plaque injury. Addi-
tional evidence that the increase in plasma F > was related to
plaque injury is provided by the observaiion that the changes in
Fy,; levels were greater in arteries tirat demonstrated dissec-
tion, transiucency or filling defects on postangioplasty angiog-
raphy. These angmaraphm merphologies have been assaciated
with plaque disruption and thrombosis in both human and
experimental models of vessel injury (4.3,13,19). The associa-
tion of greater increases in plasma Fy, > with these morphol-
ogies suggests that plasma F,, . may provide a marker for
intracoronary thrombosis during angioplasty.

The generation of thrombin may have important implica-
tions in the vascular tesponse to injury, independent of its
activity on fibrinogen. Thrombin is a potent stimulant for
platelets to aggregate and degranulate {20-22). In cultured
vascular smooth muscle, thrombin acts as a growth factor,
ng many of the growth-related genes and inducing
ccilular hypertrophy {23,24). Thrombin may therefore p'\mcn»
pate in the develop of intimal hyperplasia and
by its ability to stimulate smoath muscle praliferation, both
directly through its effects on pene expression and indirectly
through its effects on platelet accumulation. In the absence of
endothelium, thrombin acts as a vasoconstrietor {25} and may
therefore play a role in coronary vasospasm after angioplasty.

Although plasma fibrinapeptide A levels increased signifi-
cantly in a number of individual patients. no significant change
occurred in the overall group. This may reflect an inadequate
sample size or the known ability of heparin to inhibit the
generation of fibrinopeptide A in the presence of thrombin
(10). The two paticnts in whom plasma fibrinopeptide A did
ot increase despite an increase in plasma Fy,» may represent
an example of the greater inhibition that heparin exerts on
thrombin activity than it does on Factor Xa activity {(26).
Alternatively, the amount of thrombin generated after plaque
distuption in certain cases may be insufficient to result in fibrin
formation. cven in the absence of heparin. In every patient in
whom an increase in plasma fibrinepeptide A did occur, a
concomilant increase in Fy,» was decumented, This suggests
that the increase in plasma fibrinopeptide A levels seen in
individual patients was not an artifact but represented new
thrombin generation.

Heparin inhibits thrombin activity and has been shown to
reduce the generation of fibrinopeptide A when added to
human blood (10). Results of the pilot study demonstrate that
heparin inhibits the increase in fibrinopeptide A that occurs
during blood withdrawal through an arterial cathcter (see
Results). Patients in whom an increase in plasma fibrinopep-
tide A lavels was observed aficr angioplasty could therefore
represent a subgroup in which an inadequate dose of heparin
was administered. To ensure that the coronary angioplasty
study cohort had adequate anticoagulation, all paticnts were
treated with a dose of heparin sufficient to maintain the
activated clotting time >300 s, which is a level that has been
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1 with a low incidk of both thrombotic closure and
major in-hospital plications (27,28). Ci d with pa-
tients with no significant increase in plasma peptide levels,
patients with a significant increase in plasma Jevels of F, ., or
fibrinopeptide A had a similar prolongation of activated clot-
ting time. Furthermore, there was no correlation between the
changes in plasma peptide Jevels and activated clotting time.
These findings suggest that the chasges in F,.; or fibrinopep-
tide A plasma levels after angioplasty were not caused by
variations in the degree of heparinization,

The inhibitory effects of heparin on thrombin activity may
in part explain why a decrease in fibrinopeptide A was seen in
a number of panems (Fig.2). In pauems with thrombophlebi-
tis and el d plasma fibrinopeptide A, i heparin
has been shown to markedly suppress plasma fibrinopeptide A
levels within 15 min of initiation of infusion {9). The reduction
in plasma fibrinopeptide A seen in some patients in the
angioplasty study may therefore represent a case in which the
propensity for arterial balloon dllanon to generate thrombin
was hadowed by the sy inhibi ,eﬂcmofhepann
on thrombin activity and fibrinopeptid

Study limitations. Previous clinical (29) and cxpenmental
(30) studies suggest that thrombosis after vessel injury is a
time-dependent phenomenon. In a study of 459 patients with
unstable angina (5), only 4.5% were found to have a definite
filling defect at the site of coronary angioplasty consistent with
thrombus at angiography 1 min after angioplasty. On repeat
coronary angiography performed 15 min later, 15.9% of pa-
tients had evidence of thrombus formation. Because in the
present study samples were withdrawn early after successful
balloon difation, a later undetected increase in plasma fibrin-
opeptide A may have occurred.

Activation of the coagulation cascade is a surf: lyzed
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plasty catheter was discarded before the samples were col-
fected (see Methods). The angioplasty catheter material did
not appear to possess potent thrombogenic properties because
an increas: in fibrinopeptide A Ievels was not seen in all cases,
and no pic clots were d d on inspection of the
guide wire or during blood withdrawal.

Implications. This study demonstrates that ballmn dlla-
tion of ry artery induces th
in a subgroup of patients treated with coronary angioplasty.
The extent of this induction appears to be related to the extent
of vascular injury as assessed by angiography. In a certain
propartion of cases, these is an associated generation of fibrin,
suggesting that more potent mlnbnors of thrombm may have a
role in p; of the hemo-
static system. Funher studies will be needsd to determine the
short- and long-term implications of thrombin generation and
activity during angioplasty.

We arc grateful (o Kenneth A. Bauer, MD, Samad Barzcgar and RobenD
MD, Bostun, for p the
mdF..;plum:uuys

References

. Parisi AF, Folland ED, Hartigan P. A comparison of angioplasty with

medical therapy in the treatment of single-vessc! coronary artery disease. N

Engl J Med 1992,326:10-6.

Dortos G, CowlcyMJ Simpson J, et al. Percutancous transluminal coronary
gmphny report of complications from the Nationa) Heart, Lung, and

Biood Institute PTCA Regisiy. Circulation 1983,67:723-30,

Ross R, Raincs EW, Bowen-Pope DF. The biology of platclet-derived

growth factor, Cell 1986;46:155-69.

Steele PM, Chescbro TH, Stanson AW, et al, Balloon angioplasty. Natural

hmyoflbc p-lboyhywlopdrewuuonmwymlmmd:l Circ Res

,..

E N

gvent (31) that in the semng of angioplasty occurs on a
vessel wall. C: peptides cleaved from their
parent zymogen are likely to be found at a high concentration
close to the site of injury and to be rapidly diluted by upstream
arterial blood, Although we sampled caronary blood with the
coronary angioplasty catheter in close proximity to the site of
dilation, the catheter is a coaxial device with a tip that is
designed to remain in the center of the arterial lumen. It is
possible that more highly significant changes in Fy,, and
fibrinopeptide A levels did occur, but only in the immediate
vicinity of the dilated plaque, in areas close to the vessel wall
that were inaccessible to the angioplasty catheter tip.
In contrast to the pilot study, in which blood was withdrawn
almost immediately after introduction of the coronary angio-
plasty catheter in the patient, the study involved

5. Ambrose JA, Almeida OD, Sharma SK, i al. Adjunctive thrombolytic
therapy during angioplasty for ischentic resi angioa: results of the TAUSA
trial. Circulation 1994; 90:69-77.

Uthida Y, Hasegawa K, Kawamura K, Shibuya 1. Angiosoopic obscrvation of

the coronary luminal changes induted by pescutancous transiuminal corp-

vary angioplasty. Am Heart 3 1989;117:769-76.

7. Johnson DE, Hinohaia T, Selmon MR, Braden LY, Simpson JB. Primary

peripheral arterial steoses 2nd resicnoses excised by transluminal atherec-

tomy: a histopathologic study, J Am Coll Cardiol 1990;15 419-25.

Bauer KA, R g RD. The i thrombotic state

in humans: insights wned from studics using mnrkm of hemostatic syslem

aclivation. Blood 1987.70:343-50.

Nossct HE, Yudelan 1, Clllﬁeld RE, et al. Measurement of fibrinopeptide

A in hyman blood. J Clin [nvest 1974:54:43-53,

. Nossed HL, Ti M, Kapian KL, Spanondis X, Soland T, Butler VP Ir. The
generation of fibrinopeptide A in clinical blood samples. Evidence for
thrombin activity, J Clin Favest 1976;58:1136--44,

1L Lau HK, Rw-.nberg JS, Beeler DL, Ruunhﬂg RD. The isolation and

=

?‘7

B w»

blood withdrawal through a catheter that had resided in the
patient for the duration of the procedure. Because activation
of the clotting cascade is a time-dependent process (29), the
increases in peptide levels observed in the angioplasty study
may have resulted from artifactual activation of the clotting
cascade within the catheter lumen or on the coronary gulde
wire. To minimize this possibility, the guide wire was

of a specific antibody population directed against the
prothrombin activation fragments F, and F, . ;. J Biol Chem 1979;254:8751~
6l.

~

. Teitel JM, Bauer KA, Lau HK, Rosenberg RD. Studies of the prolhrombin
activation pathway utilizing radicimmunoassays for the Fy/F, , » fragment
and thrombin-antitkrombin complex. Blood 1982;59:1086-97.

Ambrose JA, Winters SL, Siera A, et al. Angiographic morphology and the
pathogenesis of unstable angina pectoris. J Am Coll Cardiol 1985;5:609-16.
14, Gardner MI, Altman DG. Confidence intervals rather than P valm

=

and the first milliliter of blood withdrawa through the angio-

rather than hyp is testing. Br Med )
Davies MJ, Thomas AC. Plaque fissuring—the cause of acuie mym:miul

&



JACC Vol. 24, No. 6
November 15, 1994:1484-91

infarction, sudden ischaemic death, and crescendo .angina. Br Heart 1
1985,53.363-73.

16. Losordo DW, Rosenfield K, Pieczek A, Bakes K, Farding M. Isner IM. How
does angioplasty work? Serial analysis of human iliae wieries using intra-
vascular ultrasound. Circulation 1992:86:1845-58.

17. Wilcox IN, Smith KM, Schwartz SM, Gordon D. Lezstication of tissue factor
in the niormal vessel wall and in the athersclerotic plaque. Proc Natl Acad
Sci USA 1989;86:2839-43,

18. Fuster V, Badimon L, Badimon JJ, Chesebro JH. The pathogenesis of

artery discase and the scute coronary syndromes. N Engl ] Med
S0,

Brinker JA, Gottlieb RS, et al. for CAVEAT. Curonary thrombus:
clinical features and angiographic diagnosis in 370 patients studied by
airectional alherectomy fabstract]. Circulation 199286 Suppl 1:1-649.
Hung DT, Vu T-KH, Wheaton VI, Ishii K, Coughlin 3R. Cloned platefet
thrombin receptar is necessary far thrombin-induced patelet activation. J
Clin invest 1992:89:1350-3.
. Eidt JF, Allison P, Noble §, et al. Thrombin is an important mediator of
platelet aggregation in sienosed canine coronary arterics with endothelial
injury. J Clin Invest 1989:84:18-27.
Harmon JT, Jamieson GA. Plateler activation by Mph thrombin s
receptor-mediated evenl. Ann NY Acad Sei 1986 485138
23. Berk BC, Taubman MB, Crajoe EJ Jr, Fenten JW ll Gr\cmllmg KK
Thrombin signal transduction mechanisms in rat vascular smooth muscle

8

]

N

-

9

It

=

i
2

1

8

MARMUR ET AL. 1491
THROMBIN GENERATION AFTER ANGIOPLASTY

cells. Calcium 2nd protein kinase C-dependent and -independent pathways.
J Biol Chem 1990;265:17334-40.

. Berk BC, Taubman MB, Griendling KK, Cragoe EJ Jr, Fenton JW I, Brock

TA. Thrombin-stimulaied events in cultured vascular smooth-muscle ccifs.
Biochem J 1991;274:799-803.

3 \VaIz DA, Anderson GF, Cxaglowskx RE Alken M, Fenton JW il. Throm-

ficited contractile respy 'k muscle. Proc Soc Exp Biol
Mtd 1985:180:518 -2
. Teitel JM, Rossnberg, RD. Protection of factor Xa from i bythe
heparia-antithrembin complix. J Clin Invest 1983;71:1383-91.

Topul E) Bm\an R, .I:mll D.etul. Usc ofa dIY"CI m\mhmmhm hirutog, in

. Dougherty KG, Marsh KC, Edelman SK, Gaus CM, Ferguson .IJ Leactuaan

DR. Relationship between procedural activated clotting time and in-hospitat
post-PTCA outcome [abstract]. Circulation 199082 Suppl IRIE-189.

. Barnathan ES, Schwantz JS, Taylor L, etal. Aspirin and dipyridamole in the

prevention of acule cotonaty p! 12 COTORATY Ang y

Circulation 1987:76:125-34.

Wilentz IR, Sanbora TA, Haudenschild CC, Valeri CR, Ryan TJ, Favon DP.
Platelet accumulation in experimental angioplasty: time cousse and relation
to vaseutat injury. Circulation 1987.75:636-42.

Manr KG, Nesheim ME, Church WR, Haley P, Krishraswamy S. Surface-

dependent reactions of the vitamin K-dependent enzyme complexes, Blood
1990:76:1- 16,






