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Free radical activity and left ventricular function
after thrombolysis for acute infarction
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Velaitham Umachandran, Adam D Timmis

Abstract
Background-Experimental data sug-

gest that reperfusion injury involving free
radicals contributes to the impairment of
left ventricular function after successful
thrombolysis.
Methods-In 72 patients presenting

with acute myocardial infarction, mark-
ers of free radical activity were measured
before streptokinase and two hours later.
Thiobarbituric acid reactive material
(TBA-RM) reflects lipid peroxidation by
free radicals, and the concentration of
plasma total thiols (34 patients) reflects
oxidative stress. Coronary arteriography
was performed at 18-72 hours after
thrombolysis to determine coronary
patency, and left ventricular function was
assessed by ventriculography and from
QRS scoring of the electrocardiogram.
Results-The infarct related artery was

patent (Thrombolysis In Myocardial
Infarction Trial grade 2 or better) in 60
(83%) and occluded in 12. In the 60 with
a patent artery, the concentration of
TBA-RM increased after streptokinase
by (mean (SD)) 9-2 (14.0) nmollg
albumin, whereas in the 12 with an
occluded artery TBA-RM decreased
by 7 0 (11.3) nmollg albumin (p < 0-01
between groups). In those with a patent
artery the rise in TBA-RM associated
with thrombolysis correlated with left
ventricular ejection fraction (R = - 0-41,
p < 0.002), and with the QRS score (R
= + 0-38, p = 0.003). Plasma total thiol
concentrations decreased by 12-7 (31.1)
,umol/l in those with a patent artery, and
this decrease associated with thromboly-
sis correlated with left ventricular ejec-
tion fraction (R = + 0*39, p < 0.02) but

not with the QRS score (R = - 0'2, NS).
Conclusions-These findings suggest

that reperfusion injury mediated by free
radicals may be of clinical importance in
humans.

(Br Heart3J 1993;69:1 14-120)

Thrombolytic treatment of acute myocardial
infarction is effective in restoring coronary
patency and in reducing mortality. '4
Improvements in left ventricular function
however, have been difficult to show,5 and in
many trials of thrombolytic agents the
improvement has been disappointingly small
(table). Furthermore, regional left ventricular
dysfunction is common after successful
thrombolysis.

In animal models the earlier reperfusion
occurs the smaller the extent of infarction.15-17
This regional dysfunction must partly reflect
damage accrued during the ischaemic period.
Experimental evidence however suggests that
there is further damage at the time of reper-
fusion-so-called reperfusion injury.18 19 If
reperfusion injury occurs in humans then
attempts to limit its effects could maximise
the benefits of early thrombolysis.
The mechanism of reperfusion injury is

thought to involve oxygen derived free radi-
cals.'>" We have already shown an increase
in markers of free radical activity associated
with successful thrombolysis in patients
receiving streptokinase for acute myocardial
infarction.24 In the present study we have
examined the relation between markers of
oxidative stress and of free radical activity at
the time of thrombolysis and subsequent left
ventricular function, to assess the importance
of reperfusion injury in the clinical setting.

Global left ventricular ejection fraction (%) in trials of intravenous thrombolysis for acute
myocardial infarction

Ejection fraction mean (SD) (%) Time
Total to angiogram

Trials Control Thrombolysis No (days)

Streptokinase
White et al: New Zealand6 53 (14) 59 (11) 155 21
Scheiber et al 7 42 (7) 47 (10) 24 7-28
Kennedy et al: Western Washington8 51 (13) 54 (12) 235 3-21
Olsonetal9 50 (13) 53 (16) 46 14-21
ISAM"1

< 3 h 53 (14) 57 (15) 611 21-28
3-6 h 54 (14) 56 (13) 230 21-28

Alteplase (rt-PA)
O'Rourke et al: Sydney/Aukland" 54 (14) 61 (13) 145 21
Guerci et al 12 46 (4) 53 (2) 138 10
Australian Coronary Group'3 52 (15) 58 (16) 103 5-7
European Study Group'4 49 (11) 51 (11) 721 7-21

Patients and methods
PATIENTS

We studied 72 consecutive patients receiving
thrombolytic treatment for acute myocardial
infarction at a district general hospital.
Patients gave a history of typical cardiac chest
pain for at least 30 minutes, with ST segment
elevation of at least 1 5 mm in two or more

topographically related leads, with no con-

traindication to thrombolysis. Subsequently
all were found to have peak blood concentra-
tions of creatine kinase greater than twice the
upper limit of normal in our laboratory.
Patients with previous myocardial infarction
were included.

There were 30 women and 42 men, aged
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Peripheral venous blood samples were taken
B immediately before thrombolytic treatment,

and one hour after completion of the strepto-
o-~ T t - - G 1 kinase infusion. Samples were withdrawn

without tourniquet occlusion into heparinised
plastic tubes, and the plasma was separated

o by centrifugation and frozen to - 200C with-
in half an hour. Samples were stored at
- 800C until analysis as one batch.
Lipid peroxidation by free radicals was

assessed by measurement of thiobarbituric
acid reactive material (TBA-RM) according

Before After to the fluorimetric method of Yagi.'526 To
streptokinase streptokinase allow for any haemodilution due to intra-

tdical markers before and after venous fluids, measurements of TBA-RM
a total thiol concentrations. were expressed with respect to the plasma

albumin concentration determined by the
Lean age 61). All received intra- bromocresol green method.27 Oxidative stress
n of streptokinase (1 5 mega was assessed by measurement of the total
hour) starting between one plasma concentration of thiol groups by reac-

rs after the onset of continued tion with 5,5-dithio-bis-(2-nitrobenzoic acid)
tin (mean interval four hours), according to the method of Ellman28 and per-
irin (150 mg). Subsequently formed in duplicate.
infused with heparin for
tinued to take aspirin (1 5C
:ely.
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We performed angiography by the Judkins
technique in all patients between 18 and 72
hours after thrombolytic treatment. We
assessed the patency of the infarct related
artery and graded the flow on the
Thrombolysis in Myocardial Infarction Trial
(TIMI) scale.' Left ventricular function was
assessed by ventriculography in the right
anterior oblique view with calculation of glob-
al left ventricular ejection fraction according
to the area length method of Sandler and
Dodge.29 This analysis was performed by
observers blind to the biochemical results.

QRS SCORE
A second index of infarct size was obtained
from the electrocardiographic QRS score as
described by Palmeri and colleagues.'0 The

00 score can vary between zero (for a normal
electrocardiogram) and a theoretical maxi-
mum of 29, higher values indicating more
extensive and deeper Q waves. In practice a
score >10 suggests a severely impaired left
ventricle with a global ejection fraction of
30% or less.'0 Observers blind to the arterio-
graphic and biochemical measurements used
standard 12 lead electrocardiograms recorded
at four to 10 days after thrombolysis to assess
the scores.

100 0 0 0 STATISTICAL ANALYSIS

0
o C

o Variables are given as mean (SD) but in all
o 0_CO Co _ further analyses non-parametric (distribution

o 0 0 0 0 free) statistics were used. Unpaired compar-
10 0° °° isons were made with the Mann-Whitney U

-20 test, paired comparisons with the Wilcoxon
test, and correlations were examined with the

30 l l Spearman rank correlation coefficient (R).
oun 31n AA ;n :rn 7n an an inn

LV ejection fraction

Figure 2 Relation between the increase in TBA-RM associated with thrombolysis and left
ventricular (L I'9 ejection fraction: (A) for all subjects studied; (B) for subjects with patent
infarct related artery and first myocardial infarct.

Results
CLINICAL OUTCOME
Patients were clinically stable at the time of
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cant correlation between left ventricular ejec-
tion fraction and the QRS score (R = - 0-49,
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LIPID PEROXIDATION-THIOBARBITURIC ACID
ASSAY
A wide range of values of TBA-RM was
found in the patients before thrombolysis
(fig 1A). There was no significant difference
in the values before thrombolysis between

° patients who were found subsequently to
have a patent artery and those who had an
occluded artery. In the 60 patients subse-
quently found to have a patent infarct related

° O 9 artery, however, the concentration of TBA-
RM increased after thrombolysis in most
cases: the mean change was + 9-2 (14-0)
nmol/g albumin. In the 12 patients found
subsequently to have an occluded infarct

0 15 related artery, the concentration of TBA-RM
decreased: the mean change was - 70 (11 3)
nmol/g albumin. This difference between the
groups is significant (p < 0-001).

0 Patent artery TIMI
o

2 Patients in whom the infarct related artery
and 1St infarction remained occluded tended to have reduced

left ventricular ejection fraction and little
change or a fall in TBA-RM (fig 2A). In the
60 patients with a patent infarct related artery

0 there was a significant inverse correlation
between the increase in TBA-RM associated
with thrombolysis and left ventricular ejection
fraction (R = -0-41, p < 0-002). The negative

0 correlation between the increase in TBA-RM
and left ventricular ejection fraction was
slightly strengthened when six patients with-

p < 0-005, n 54 previous myocardial infarction were excluded
,_____ (fig 2B), (R = - 0-46, p < 0-005, n = 54).

10 15 There was no correlation between left ven-
tricular ejection fraction and the initial con-
centration of TBA-RM before thrombolysis.

In the 60 patients with a patent infarctiated with thrombolysis and related coronary artery there was also a corre-
patent infarct related artery lation between the increase in TBA-RM asso-

ciated with thrombolysis and the QRS score
(fig 3A), (R = + 0-38, p = 0003). This cor-
relation was also strengthened when patients

vood sampling. Seventy with previous myocardial infarction were
d stabIe and survived to excluded (fig 3B), (R = + 0-43, p < 0-001,
ital. One patient subse- n = 54).

quently developed cardiogenic shock and
arrested in ventricular fibrillation and died.

At angiography the infarct related coronary
artery was patent (TIMI grade 2 or better) in
60 cases. In 58 cases there was a significant
lesion of > 50% diameter stenosis, and in two
cases there was only minor irregularity in thc
infarct related artery. The artery was totally
or subtotally occluded (TIMI grade 0 or
grade 1) in 12 cases.

Left ventricular ejection fraction ranged
from 29% to 85%, mean 59%. Left vefitricu-
lar ejection fraction was lower (p < 0 05) in
those with an occluded infarct related artery
(52i7% (14.8%)) than in those with a patent
artery (59-8% (11-4%)). The QRS score

ranged from 0 to 15, mean 4-3. The QRS
score was not significantly different in those
in whom the infarct related coronary artery
was occluded (4-4 (2-7)) and those with a

patent artery (4-2 (3-1)). There was a signifi-

PLASMA TOTAL THIOLS
Assay of plasma total thiols was performed
for 34 of the 72 patients in the study. All but
one of the values before thrombolysis fell
within the normal range of 400-600 pmol/l.
There was no significant difference between
the values before thrombolysis in patients
who were found subsequently to have a

patent infarct related artery and those who
had an occluded artery (fig iB), although the
numbers in this part of the study are small. In
30 patients subsequently found to have a

patent infarct related artery, however, the
concentrations of total plasma thiols tended
to decrease (p < 0-02), with a mean change
of - 12-7 (31-1) pmol/l. In four patients sub-
sequently found to have an occluded artery,
plasma thiol concentration changed little or

increased (NS).
In the 30 patients with a patent infarct
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100 _ Trials of thrombolytic drugs have shown
0 o Patent artery TIMI :2 improvements in left ventricular function

E * Occluded artery TIMI 0/1 compared with controls (table), but in most
i o00 cases this difference has been small.5 It has
,, a been postulated that this is partly due to
.° reperfusion injury.'9 In animal experiments

0
* 0 ~~° O reperfusion reduces infarct size'5-'7 but there

o 0 *____o are ultrastructural changes and further func-

E 0 ° ° tional deterioration in the myocardium at the
X 0O o 8 oo ° time of reperfusion.'7-" It is thought that this
m 0~~~~~~~~~

QL 0 0 reperfusion injury involves oxygen derived
O 50 - free radicals.20-23 Electron spin resonance

0)0m 0 R = +039, p < 0 02, n =34 studies show a burst of free radicals shortly
a after reperfusion.38 9 Free radical damage to

-100 o cells after reperfusion can be inferred from
20o 30 40 50 60 70 80 9 100 measurements of peroxidised lipids and other

biochemical markers.40-42 Chemicals that limit
LV ejection fraction free radical damage (free radical scavengers)

Figure 4 Relation between the decrease in plasma total thiols associated with thrombolysis reduce reperfusion injurydinp animal experi
and left ventricular (LV) ejection fraction for all subjects studied. ments.43-45 Chemical and photochemical sys-

tems that generate free radicals cause
functional and ultrastructural changes resem-

384647related artery there was a significant correla- bling repeTfusion injury.
tion between the decrease in plasma total If reperfusion injury occurred in patients, it
thiol concentrations associated with throm- might reduce the benefits of thrombolytic
bolysis and left ventricular ejection fraction reperfusion. It is important to maximise
(fig 4), (R = + 0 39, p < 0 02). There was, myocardial salvage as left ventricular function
however, no correlation between this decrease is a major determinant of prognosis.3'37
in plasma total thiol concentrations and the Unfortunately many of the free radical scav-
QRS score (fig 5), (R = - 0-23, NS). engers that might be used to ameliorate
A significant inverse correlation between reperfusion injury are expensive, or toxic or

the changes in TBA-RM and in plasma total both. Large scale trials of scavengers are
thiols around the time of thrombolysis therefore unlikely until there is evidence that
(R =-O*51, p < 0-002, n = 34) was noted. reperfusion injury occurs in patients receiving

thrombolytic drugs.
This study provides indirect evidence of

Discussion oxidative stress related to coronary reperfu-
Thrombolysis improves short-term survival sion in humans and relates this to left ventric-
after acute myocardial infarction,'-4 but there ular function. Significant increases in
is less evidence for long-term survival.4 The TBA-RM were apparent in blood samples
extent of myocardial salvage is likely to be of taken just one hour after the completion of
importance in determining long-term survival streptokinase infusion, and these increases
as left ventricular ejection fraction is known were associated with patency of the infarct
to be a major determinant of prognosis in 'a related coronary artery at subsequent arteri-
variety of cardiac conditions,3'-34 specifically ography. Increases in circulating TBA-RM
after infarction35 and in medically treated after myocardial infarction were first reported
ischaemic heart disease.3637 in 1983 but their relation to coronary anato-

my was not studied.48
It is likely that much of this oxidative stress

100 _ shortly after thrombolysis results from free
_* 0 Patent artery TIMI >2 radical activity, although early activation of
E||* Occluded artery TIMI 0/1 | neutrophils might also give rise to non-radical

E 0 oxidants.49 The increase in TBA-RM associ-
± 50 ated with successful thrombolysis might result
o from lipid peroxidation during the ischaemic
+.& 0 period, the lipid peroxides being then washed

out by reperfusion; this would also account
2 ° Q 0 8 * ° for the correlation between left ventricular
E

0
' 0 ejection fraction and the amount of theen 0 0

0 increase in TBA-RM. The alternative expla-
CUC o ° ~~~~~~~~~~~~~~~nationis that the lipid peroxidation results
a) 50 _ from free radicals produced at the time of

0 reperfusion. Electron spin resonance studies
o show that oxygen free radicals remain at low

u concentrations during ischaemia but increase
0 50 15 abruptly after reperfusion.39 Similarly lipid

peroxidation does not occur during ischaemia
QRS score but only during reoxygenation or reper-

Figure 5 Relation between the decrease in plasma total thiols associated with thrombolysis fusion.20 50 It is therefore likely that the
and QRS score for all subjects studied. increase in TBA-RM at the time of thrombol-
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ysis in patients with a patent infarct related
coronary artery represents free radical pro-
duction and lipid peroxidation at the time of
reperfusion. The extent of this increase corre-
lates with left ventricular function determined
by ejection fraction at 18 to 72 hours and by
QRS score at four to 10 days, providing fur-
ther indirect evidence for the existence of
reperfusion injury in patients undergoing
thrombolysis.

LIMITATIONS OF THE STUDY
Free radical activity, coronary anatomy, and
left ventricular function are more difficult to
assess and the time points more restricted in
patients than in animal studies; consequently
some limitations to our study should be con-
sidered. Firstly, direct measurement of oxy-
gen free radicals themselves within the intact
myocardium is at present impossible, and so
the lipid peroxide content of venous blood
was used as an indirect measure. Fortunately
lipid peroxides are fairly stable within the cir-
culation, and peripheral venous concentra-
tions accurately reflect coronary sinus
concentrations.5' Data on the concentrations
of plasma total thiols are available in a sub-
group of patients in this study, and the
decrease in thiol concentration provides sup-
portive evidence of oxidative stress: further-
more there is a significant correlation
between the increase in TBA-RM and the
decrease in plasma total thiol concentrations
at the time of thrombolysis (R = -051,
p < 0002).

Secondly, coronary patency was assessed
not at the time of blood sampling but at
angiography, 18-72 hours later. In some cases
there may have been delayed lysis and reper-
fusion more than two hours after initiation of
thrombolysis (that is later than the time of the
second blood sample) that would not have
been reflected in the blood analyses although
at subsequent angiography the patient would
have been classified as having a patent infarct
related artery. Conversely, an artery that was
reperfused early might have reoccluded by
the time of angiography. The effect, however,
of any random misclassification of patent and
occluded cases would be to reduce the appar-
ent correlation between coronary patency and
changes in free radical markers around the
time of thrombolysis. Had coronary arteriog-
raphy been performed at the time of throm-
bolysis as well as between 18 and 72 hours
then it is possible that the correlations would
have been stronger than those found.

Thirdly, the low in hospital mortality of
our group of patients (1 -4%) raises the possi-
bility that they are not representative of the
general body of patients receiving thromboly-
sis. They were, however, recruited consecu-
tively from admissions to a non-specialist
district hospital, and are otherwise typical in
terms of age, sex and location of infarction.
We are unable to explain their unexpectedly
low in hospital mortality.

CLINICAL RELEVANCE-LEFT VENTRICULAR
FUNCTION
The clinical importance of this putative reper-
fusion injury is suggested by the correlation
between the rise in TBA-RM associated with
thrombolysis and subsequent left ventricular
ejection fraction; although the size of this cor-
relation is small, it is significant (R = - 0-41,
p < 0002). That this correlation represents
free radical mediated reperfusion injury is
supported by the correlation between the
decrease in plasma total thiol concentration
associated with thrombolysis and left ventric-
ular ejection fraction (R = + 0.39, p < 0-02)
(fig 4). The increase in TBA-RM associated
with thrombolysis further correlates with the
electrocardiographic QRS score (R = + 0-38,
p = 0003) although the changes in plasma
thiol concentrations do not.

There are no completely satisfactory mea-
sures of infarct size available for clinical use.
Serial estimation of creatine kinase concen-
trations may reflect infarct size, but is depen-
dent upon the rate of washout from injured
and necrotic myocardium.5' Sophisticated
imaging methods such as thallium SPECT
(single photo emission computed tomogra-
phy) seem potentially more accurate but also
have their limitations.5'54 Global left ventricu-
lar ejection fraction is not ideal as an index of
infarct size, but has the added advantage of
strongly predicting subsequent survival.35-37
Furthermore left ventricular ejection fraction
in our study correlated with the Palmeri QRS
score, an independent measure of left ventric-
ular damage. Thus the correlations in the
present study are consistent with free radical
activity contributing to clinically significant
left ventricular dysfunction.
Many variables besides present infarct size

influence left ventricular function, including
age, previous myocardial infarction, and the
timing of reperfusion. When patients with
previous infarction are excluded from the
analysis, the degree of the correlations of
increase in TBA-RM with both left ventricu-
lar ejection fraction and QRS score increase
(fig 2 and 3) although significance decreases
as the number of subjects falls. There are two
possible explanations for the fact that the cor-
relation coefficients do not exceed 0 5.
Firstly, it may reflect the imprecise nature of
the indices of free radical activity used in the
study, the limitations of the indices of left
ventricular function and of infarct size, and
the difference in time between blood sam-
pling and left ventriculography. Secondly, it
may be that much of the variability in left
ventricular ejection fraction relates to other
factors. Thus although free radical activity
seems to contribute to left ventricular dys-
function and may be a target for treatment,
other factors such as the previous state of the
left ventricle and the size of the ischaemic
area at risk may be more important.

In conclusion, our study provides indirect
evidence that reperfusion injury may con-
tribute to left ventricular dysfunction in
patients in whom thrombolysis has been suc-
cessful. The importance of reperfusion injury
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requires further quantitative assessment. The
present study evaluated left ventricular func-
tion early (18 to 72 hours) after thrombolysis
and has not assessed whether this dysfunction
represents reversible myocardial stunning or

permanent dysfunction. Nevertheless, adju-
vant treatment with free radical scavenging
drugs in patients undergoing thrombolysis
may improve the myocardial salvage achieved
by reperfusion. Some potential free radical
scavenging agents are both cheap and rela-
tively non-toxic, such as allopurinol, which
has recently been reported to improve left
ventricular function after coronary artery
bypass surgery.55 Clinical trials of selected
free radical scavenging drugs in patients
receiving thrombolysis would be of great
interest.
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