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Activation of Prothrombin Accompanying Thrombolysis With
Recombinant Tissue-Type Plasminogen Activator

PAUL R. EISENBERG, MD, MPH, FACC, BURTON E. SOBEL, MD, FACC,

ALLAN 8. JAFFE, MD, FACC
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Tacreases in theombin activity in patients given fibrinolytic agenis
for acute myocardial infarction have been shewn to be important
in limiting the ulimate suceets of coramary thrombolysis. The
preseat siudy was designed to determine whether increases in
thromhin mhlly reflect, in part, activation of prothrombin
thrombelysis. Plasma i ni'pmthmm

hin fn;rnenl 1.2, a polypeptide releazed when prathrombin is
activated by facter Xa, were measured in 22 patients with acute
myocardisl intsretion befsre and after treatment with 100 mg of
bi tissme-type il activator (rt-PA). Concen-
tratlens of pr in fin t 1.2 d from 0.83 *
llnM(mnzsn)beﬁmnPAlnnmulmH: 1L5nM 20
after initintion of the infusion {p < 0.05), After a 5,000-U

intravenous dose of heparia givea st the end of the isfusion of
rt-PA, concenirations of pr | 1

from 1.8 + L3 to 1.1 = 0.9 0M (m = 28, p < 0.05), aitanugh
values were still i d d with ions before
rt-PA,

These resulls indicate (hat thrombin activity incveases in
patients given rt-PA at least in part becsase of activation of the
coagulation system leadiag to activalion of prothrombic. Thes,

of the k coegulant proteins that lead fo
activation of prothrombin may be of valae as comjanctive freat-

ment to potentiate the eficacy of pharmacolegic thrombalysic.
J Aex Coll Cardig! 1992;19:1065-9)

The rote of persistent thrombin activity in inducing immedi-
ate or delayed thrombotic reocclusion in patients with mya-
cardial infarction treated with fibrinalytic agents is now
appreciated (1-5). However, mechanisms responsible for
increases in thrombin activity accompanying thrombolysis
have mot been compietely defined. We have shown that
hrombin activity i in vitra in to achvatlon
of plasminogen with streptokinase or tissue-type pl

facilitated by K dge of the ible for
increased procoagulant acuvity during mmmbolyﬂs 9.

In patients given streptokinase or rt-PA witheut concur-
rent intraveaous heparin, plasma concentrations of fibrino-
peptide A. a marker of thrombin activity, i
4,10). in the of fibrinopeptide A are
smaller when patienis treated with fibrinolytic agents are

P

gen activator (-PA) as a gt
activation of the coagulation system (6). In addition, throm-
bin bound to fibrin dunng formation of clots remains acuve
and may be d iz clots und lysis, p
d fibrin f tion, platalet activation and

of the coagulation system {7,8). Lysis of clot miy expose
other procoagulani factors, such as tissue factor in the
subendothelium, which can induce activation of the coagu-
Tation system. Although scveral pharmacologic strategies to
inhihit coagulation dunns Iin'umbolysm are possible, selec-

of plasmin:

given it heparin, with the inhibition of
thrombin by heparin (11). Although increases in fibrino-
peptide A reflect increased thrombin activity, the extent lo
which such increases are aitributable to new elaboration of
thrombin, as opposed to activity of preformed thrombin
exposed during thrombolysis, cannot be determined by

of fibrinopepiide A. R tly, Gulba et al. (5)
found that the concentration of thrombin-antithrombin 1l
complexes increased in plasma of patients treated with
rt-PA, consistent with an increase ir: e amount of thrombin

tion of pptimal would be
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ilable for inhibition by antithrombin I, However, the
extent to which these results refiect activation of the coag-
ulation system and < ion of p
has not been defined. Because inhibition of earher steps in
the coagulation pathway that lead to activation of prothrom-
bin may be more efficient than inhibition of {hrombin in
attenuating procoagulant activity, we sought to define the
extent of prothrombin activation in patients trealed with
1t-PA for acute myocardial infarction by measuring changes
in the ptasma concentration of the prothrombin fragment 1.2,
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Bigurv 1. Schematic representation of the activation of protirembin
by Factor Xu. Factor Xa cleaves the prothrombin molecule, relzas-
ing prothrembin fragment 1.2 and torming the active enzvme,
thrombin, a two-chain mofecule. Activity of factor Xa toward
prethrombin is greatly increased when Xa is assaciated an phospho-
Tipid membranes with its cofactor, activated facior V (VaX 181

a polvpeplide that is released when thrombin is formed
(12,13) tFig. 1L

Methods

Study patients. Twenly-lwo patients with acute myocar-
dial infarction who were admitted to the Cardiac Care Unit
of Barnes Hospital at Washington University Medical Cen-
ter and treuted with ri-PA (Aleplase, Genentech) were
studied. The decision to treat paticnts with #-PA was bazed
on clinical criteria, which generally included the presence of
at least 0.1 mV of ST segment elevalion in two anatomically
contiguous leads on the admission ¢lectrocardiogram. Ex-
clusion eriteria were 1hnse accepted to be contraindications
ta the administration of fibrinalytic agents (14). Administra-
tion of rt-PA was initiated with a 6-mg bolus followed by an
additional 34 mg over the Ist h: then 40 mg was given over
2 has a 20-mg/h mfusion, In all but two patients, heparin was
given as a 5,000-U intravenous bolus at the end of the r-FA
infusion follawed by a 1.000-U/h continuous infusion, [n two
patients, heparin was given before the start of the r-PA
infusion as a 5000-U intravenous balus followed by a
1.000-W/h intr infusion. quently. the dosage of
hepatin was adjusted to maintain the activated partial throm-
boplastin time at 2 to 2.5 times thal in control plasma. This
study was approved by the Human Studics Comnittee at
Washington Universily $chool of Mcdicine.

Acquisition of bloed samples. Blood samples were ob-
tained from participants on their admission to the cardiac
care unit. They were obtained by venipuncture except
during the r1-PA infusion, when they were drawn through a
large bore heparin lock (18-gauge). Samples were oblained
before initiation of the rt-PA infusion and 2, 3, 4 and § h after
the start of the infusion. in some patients, ndditional spmples
were obtained 2t |, 12 and 24 h after the start of n-PA
infusion. All samples were drawn by specially trained tech-
nicians and cooled immediatcly 10 4°C in a0 ice bath for
20 min. Blood was drawn into collection tubes containing
EDTA, aprotinin (200-KIU final concentration), and
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D-phenylaianyl-L proiyl-L arginine-chlorylmethylketone
(PPACK) at & final concentration in excess of 5 M 16 inhibit
both ri-PA and 1hrombin. Platelet-poor plasma was prepared
by centrifugation of each sample at 1,560 g for 30 min. The
plasma was frozen at —=20°C for <24 h and then at =70°C
until it was assayed. The procedures used for sample acqui-
sition and processing have been validated extensively in
previous studies (5.19,15).

Assay of prothrombin fragmest 1.2, The enzyme-linked
immunesorbent assay (ELISA) for prothrombin fragment
1.2 employed a recently developed monocionat anlibody that
is specific for an antigenic site on the prothrombin fragment
1.2 molecule absent in native prothrombin (16). The ELISA
reagents were provided by Baxter Diagnostics, Inc. Plasma
samples were incubated for 30 min in wells of a microtiter
plate coated with the monoclonal antibody specific for
prothrombin fragment 1.2. The plate was Washed Iwice, and
a second lonal antibody d to horscradist
peroxidase that also recognizes prothrombin fragment 1.2
was incubaled on the plate for 10 min at room temperature,
After washing, the horseradish peroxidase substrate, 3.3, 5.
5' tetrametl ylbenzidine, was added and color was subse-
quently intensified by additien of | N sulfuric acid. The
absorbance attributable lo hydrolysis of the subsirate was
monitorad a: 450 nM in an automated microtiter plate reader
{ThermuMax. Molecular Devices). The concemration of
pradlwonsin {ragment 1.2 in the plasma samples was deter-
mined by cumparison with concurrently run standards of
purified human prothrombin fragment 1.2. All samples were
run in duplicate. The normal rangc for concentrations of
prothrombin fragment 1.2 in plasma with this assay is 0.3 to
1.1 nM {16). In samples obtained from hcalthy young non-
hospitalized vol s and pr d in our lab yina
manner identical 1o that used in the current study, concen-
trations of prothromhin fragment 1.2 were found to be
somewhal lower, .16 = 0.08 nM.

Statistical analysis, Data are expressed as mean values +
SD. Because values for the concentrations of prothrombin
fragment 1.2 were not distributed normally, a log transfor-
mation was used before data were analyzed statistically.
Values for the log concentration of prothrombin fragment 1.2
were distributed normally after the transformation. Congen-
trations of prothrembin fragment 1.2 at each time point afler
initiation of rt-PA were compared with those on admission
(bzfore ri-PA) with a two-tailed paired 7 test. Differences
were considered to be significant when the p values were
< 0.05.

Resalts

Concentrations of prothrombin fragment 1.2 im plasma,
The plasma concentrations were 0.89 * .2 nM before
initiation of the infision uf ri-PA in the 20 patients with acute
myocardial infurction not givem early heparin. In three
patients. the cencentrations exceedad £.0 nM. In the two
patients given heparin before rt-PA, the concentrations were
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Figare 2. Concentration of prothrombin fragment 1.2 before and
after initiation of rt-PA infusion in 22 patients with acute myocardial
infarction. The box plot shows the range of values associated with
50% of the values (25th to 75th percentiit} at each time point: the
median concentration is indicated by the line in cach box. The
concentrations for the 10th and 90th percentiles are irdicated by the
bars. The concentration of prothrombin fragment 1.2 increased
significantly over admission values after initiation of the r-PA
ml'usluns. Smaller increases oceurred dusing the 2ud and 3rd hof the
-PA i of pi fragment 1.2
decreased significantly after initiation of hepann fision at the end
of the rt-PA infusions. However, an increase in concentration of

hrombin fragment 1.2 J with that at admission was
noted despite treatment with hcpann for up to 6 h after imtiation of
-PA,

0.15 and 0.28 nM after heparin but before rt-PA. C -
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with bascling values (1.3 = 1.1 nM), with values >1.2 M in
10 paticnis while heparin was being infused at a time when
the activated partial thromboplastin time was greater than
iwice control in all but one patient.

Discussion

Qur results indicate that activation of prothrombin occurs
in patients with acute myocardial infarction treated with
r-PA. which appears to account at least in part for the
increased thrombin acnvny that has been documented to

p b bolysis (1.4.10). In previ-
ous studies (15) we have shown that thrombin activity. as
reflected by changes in the tons of fibrinop
A. does not increase in the first few hours after the onset of
acute myocardial infarction when patients are not treated
with fibrinolytic agents. Thus, the results of the current
study are with the induction of p i
activity by fibrinolytic agents. Our results suggest that
conjunctive anticoagulant agents given to inhibit activation
of prothrombin may be of particular value in 1h|s semrg and
underscore the imp e of in
patients treated with rt-PA.

Mechanisms for activation of prothrombin during pharma-
cologic thrombolysis. One p ial hani lmdc:rlying
the acrivation of p i ing ti fysis is
activation of faclor V by plasmm. as >huwn by Lee and
Mann (17). Because activation of prothrombin by factor Xa
is markedly accelerated by factor Va, increased concentra-
tions of Va induced by plasmin proteolysis could account for
an increased prothrombin activation (18). Increased activa-

y phas

tions of p bin fi L2 d after initiation
of rt-PA for the group as a whole to a mean of 1.5 = 1.5 aM
2 h after onset of the rt-PA infusion (p < 0.05 compared wnh
admission values} {Fig. 2). Concentration of prothromt

tion of pr b that the activity of the factor
Xa/Va complex may be an impottant determinant of the
extent of thrombin activity induced by fibrinolytic zgents.
Thus mhlhmun of this complex may be an ideal target for

fragment 1.2 increased over pre-rt-PA values in all but 4
patients; in 10 patients concentrations of prothrombin frag-
ment 1.2 increased twofold. More marked increases ac-
curred within the Isth after the initiation of rt-PA infusion in
the 12 patients whose samples were available at that time
point (3.4 = 5.5 nM). In the two patients given a 5. 000 U
bolus of heparin before rt-PA followed by a

lation in patients treated with fibrin-
olytic agents. The rccent observation (19) that tick antico-
agulant protein, a specific inhibitor of factor Xa, prevents
reocclusion in experimental preparations of cnronary throm-
bolysis is with this hypott the
Xa/Va complex can activate many prothrombin mofecules.
its inhibition may be more efficient than inhibition of throm-

heparin infusion of 1,000 U/h, the concentration of pro-
thrombin fragment 1.2 increased only minimally from 0.15
and 0.28 nM after heparin but before rt-PA, to 0.3 and
0.39 nM 2 h after rt-PA.

Response to heparin. Twenty patients were given a
5,000-U intravenous bolus of heparin at the end of the r-PA
infusion, foltowed by a continuotis heparin infusion. In the
other two patlents hepann was given before rt-PA. The

of p 1.2d d signif-
icantly in the pauems who were given heparin after rt-PA,
from 1.8 + 1.8 nM before heparin to 1.1 = 0.87 nM 1 h after
lmtlatmn of hepann (p = 0.02). However. the concenleation
of p 12 ined elevated compared

binin p lant effects throm-
bolysis.

Role of heparin in inhibiting activation of prothrombin
during thrombelysis. The extent to which procoagulant ac-
tivity increased in response to rt-PA in our study was
probably influenced by the decision to initiate heparin at the
end of the rt-PA infusion in most patients. In the two patients
given heparin before rt-PA, increases in the concentration of
prothrombin fragment 1 .2 were consxderably less marked.
The lack of i inp 1.2 in these
1wo patients suggests that heparin may prevent the acliva-
tion of prothrombin induced by administration of rt-PA.
These results are consistent wnh the results of prevmus
studies (4.5) in which i d plasma of
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fibrinopeptide A and thrombin-antithrombin I complexes
accompanying treatment with rt-PA were found 10 be atien-
vated after initiation of inlravenous heparin, Although the
results of the TAMLE3 study (20} suggest that delaying the
inftiation of hcparin dacs sot decrcase the incidence of
patency of the infarct-related artery at %0 min afier the onset
of treatment with rt-PA, increases in procoagulant activity
could adverscly atfect the persistence of patency. In addi-
tion, cariy increases in procoagulant activity could delay clot
lysis (even within the 90-min TAMI-3 observation period) or
account, in part, for the Jower incidence of patency evident
1 to several days later in paticnts treated with rti-PA without
heparin (2,3). The importance of inhibitien of thrombin is
evident from recent results (21) in a dog model of coronary
thrombusis in which cunjunctive treatment with hirudin, a
potent antithrombin, acceferated coronary lhmn‘bnlym and
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elaboration of thmmbm raihe. than snmply the activity of
preformed thromt iated with elots. B activa-
tion of puathrombin reflects activity of the fagtor XafVa
complex, one implication of our data is that inhibition of
earlier sicps in the coagulation cascade may be a wseful
target for conjunctive anticoagulation in the setting of throm-
bolysis.

We appreciaie the technical assistance of Matthew Ohlendorf in performing
thie assays, Carol Mechem RN for collecting ¢ linical information, Elien Visse
for preparing the munuscript and Beth Engesze: for editorial assistance. The
contribution of Juan Ruiz, PhD of Baxter Diagnostics, [ne., who provided the:
assay kits, is appreciated.
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