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Abstract
Objectives-To evaluate an increase in
plasma concentration of thiobarbituric
acid reactive substances as a non-inva-
sive biochemical test of reperfusion after
thrombolysis and to investigate the rela-
tion between the inflammatory response
after acute myocardial infarction and the
production ofthe substances.
Methods-Venous samples were taken
from 19 patients receiving thrombolysis
for acute myocardial infarction before
the start of therapy and every hour after-
wards up to 5 hours and then at 24 and 48
hours and the concentration ofthiobarbi-
turic acid reactive substances measured.
These substances are markers of lipid
peroxidation induced by free oxygen rad-
icals. Early reperfusion was judged by
regression of ST elevation and late coro-
nary artery patency from the results of
coronary angiography 24-72 hours after
thrombolysis.
Results-The concentration of thiobarbi-
turic acid reactive substances increased
in only 6 out of 14 patients with signs of
early reperfusion. In patients with late
coronary artery patency the correspond-
ing number was 6 out of 15. However, a

significant increase in the concentration
of thiobarbituric acid reactive substances
was found for the whole group 24 and 48
hours after treatment. The change in
concentration in serum correlated signif-
icantly with that of C reactive protein-
an acute phase reactant (r = 0*62, P <
0.01)-but not to the serum activities of
markers of infarct size such as creatine
kinase B and lactate dehydrogenase.
Conclusions-The fluorimetric assay
used in this study to measure the concen-
tration of thiobarbituric acid reactive
substances seems to be an insensitive
method of detecting reperfusion after
thrombolysis for myocardial infarction.
The increase in concentrations found 24
and 48 hours after treatment correlated
with C reactive protein concentrations
but not with those of markers of infarct
size.
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Treatment with thrombolytic drugs aimed at

early reperfusion reduces mortality in acute
myocardial infarction.' 2 Studies in animals
suggest, however, that reperfusion itself may
also have deleterious effects on previously
ischaemic myocardium-that is, it may cause
prolonged but reversible ventricular dysfunc-
tion (myocardial stunning) and possibly also
irreversible injury of potentially viable cells.34
One postulated mechanism for reperfusion

injury is the production of toxic free oxygen
radicals from the onset of reperfusion, which
has been shown in both animals5 and
humans.6 Although the existence of irre-
versible reperfusion injury in humans is ques-
tionable, attention has been given to the
concept of reducing myocardial injury at the
time of reperfusion by treatment with free
radical scavengers.7 In evaluating such treat-
ment there is an obvious need for biochemical
monitoring of production of oxygen radicals.
Increased blood concentrations of products
generated by free oxygen radicals may also
provide a useful non-invasive marker of suc-
cessful thrombolysis.

Malondialdehyde, formed by the break-
down of oxidised polyunsaturated fatty acids,
has been used in several clinical studies as a
marker of the production of free oxygen radi-
cals.89 Davies et al found an increase in serum
malondialdehyde concentration in blood sam-
ples collected one hour after the completion
of streptokinase infusion in patients who sub-
sequently showed patency of the infarct
related artery, and a fall in those with persisting
occlusion.'0 The overlap between the groups
was minimal. Malondialdehyde concentration
was measured with a colorimetric method
based on the generation of a coloured adduct
between malondialdehyde and thiobarbituric
acid. As the method is fairly non-specific,
however, the product(s) measured was
expressed as the concentration of thiobarbi-
turic acid reactive substances. Recently these
findings have been confirmed in two studies
in which malondialdehyde was analysed more
specifically by high performance liquid chro-
matography." 12 In one of these studies, how-
ever, the overlap in malondialdehyde
concentration between patients who showed
reperfusion and those who did not was con-
siderable. 12
Our aim was to evaluate an increase in the

plasma concentration of thiobarbituric acid
reactive substances as a non-invasive bio-
chemical test of reperfusion after thrombolysis
and to investigate the relation between the
inflammatory response after myocardial infarc-
tion and the production of the substances.
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Patients and methods
We studied 19 patients (15 men and four
women, mean age 59 years, range 40-78) who
were receiving thrombolytic treatment for acute
myocardial infarction. The patients had a his-
tory of chest pain lasting more than 30 minutes.
The criteria for inclusion in the study were an

ST segment elevation of at least 2 mm in pre-
cordial leads and of 1 mm in extremity leads.
All the patients received 1-5 mU streptokinase
infused intravenously over one hour. Periph-
eral venous blood samples were obtained from
each patient before thrombolysis and one, two,
three, four, five, 24, and 48 hours after the
start of treatment. Blood samples for measure-
ment of thiobarbituric acid reactive substances
were collected in 5 ml EDTA tubes (Vacu-
tamer, Beckton-Dickinson, Stockholm, Sweden)
and the plasma was separated by centrifuga-
tion within 30 minutes. Samples were stored
at -70°C. The concentration of thiobarbi-
turic acid reactive substances was measured
according to the fluorimetric method of
Yagi."3 The intra-assay coefficient of variation
was 4%. To allow for any haemodilution due
to changes in body position or infusion of
intravenous fluids, values were corrected for
the haemoglobin concentrations.
The total activity of creatine kinase in

serum and the activity of creatine kinase B
was measured (Kodak Ektachem, Rochester,
New York) in blood samples collected every
three hours for 24 hours. Samples for the
measurement of lactate dehydrogenase activ-
ity in serum (Kodak Ektachem) were obtained
24, 36, 48, 60, and 72 hours after the start of
thrombloysis. The concentration of C reactive
protein in plasma was measured in blood
samples taken before thrombolysis and 24 and
48 hours afterwards. Concentrations of cho-
lesterol and triglycerides in serum were

analysed (Kodak Ektachem) in blood samples
obtained before the start of thrombolysis.

Electrocardiograms were obtained before the
start of thrombolysis and one, two, three, four,
and five hours afterwards. A decrease of >50%
in the summed values ofST deviation two hours
after the start of thrombolysis, compared with
the initial recording was considered a sign of
early reperfusion."4 Late patency was assessed
by coronary angiography between 24 and 72
hours after the start of thrombolysis. Patency
was judged according to the criteria of the
thrombolysis in myocardial infarction trial.'5
The significance of differences was assessed

by the paired sign test, and regression analysis
was carried out by the method of least
squares. Results are given as means (SD).

Results

All the patients had a stable circulation and
were discharged from hospital. Peak blood
concentrations of creatine kinase B above the
upper reference level in our laboratory (0-23
,ukat/l) were seen in all the patients (2.9
(2.7)). The mean time from onset of symp-
toms to the beginning of thrombolytic treat-
ment was five hours (range 1-24). Twelve
patients developed a Q wave infarction and
seven a non-Q wave infarction.

Signs of early reperfusion were seen in 14
of the 19 patients, and coronary angiography
showed late patency (grade 2-3 flow'5) in the
infarct related vessels in 15 out of 18 patients.
Of the 14 patients with signs of early reperfu-
sion, 11 showed late patency. Coronary
angiography was not performed in one patient
because of a systemic infection. In the five
patients without signs of early reperfusion late
patency was found in four. The table shows
concentrations of thiobarbituric acid reactive
substances corrected for haemodilution.
Significant increases were not seen during the
first five hours of thrombolytic treatment
either in patients with signs of early reperfu-
sion or in patients with late coronary patency.
Of the 14 patients with signs of early reperfu-
sion, only six showed an increase in the con-
centration of thiobarbituric acid reactive
substances during the first two hours of
thrombolytic treatment; in the 15 patients
with late patency the corresponding number
was also six. The average change in concen-

tration between 0 and 2 hours was 7-5%
(range 0-19 5%). Values uncorrected for
haemodilution showed a significant decrease
from 4 8,umol/l before the start of throm-
bolytic treatment to 4-4 ,umolIl two hours later
(P<0.01).
Twenty four and 48 hours after the start of

thrombolysis corrected concentrations of thio-
barbituric acid reactive substances were sig-
nificantly increased (3 5 (0O9),mol x 102/g
(P < 0 05) and 3-7 (0-9),umol x 102/g (P <
0 001) respectively) compared with initial val-
ues (3 3 (0 8) pmol x 102/g). The blood con-

centrations of haemoglobin did not change
significantly between 2 hours and 24 or 48
hours after initiation of thrombolytic therapy.
A highly significant correlation was found
between maximal creatine kinase B and maxi-
mal lactate dehydrogenase activities in serum
(r = 0 92). None of these markers of infarct
size showed any significant correlation with C
reactive protein concentrations. The change
in corrected concentration of thiobarbituric
acid reactive substances from baseline to its

Mean (SD) concentrations of thiobarbituric acid reactive substances correctedfor haemodilution (pmol x 1 OCIg)
Timefrom Early: Late:
initiation of
thrombolysis (h) Reperfusion (n = 14) Non-reperfision (n =5) Patncy (n = 15) Occlusion (n 3)

0 3-3 (0-8) 3-3 (0-8) 3-3 (0-8) 3-4 (1-5)
1 3-2 (0-8) 3-0 (0-8) 3-3 (0-9) 2-5 (1-0)
2 3-2(0-8) 2-9 (0-6) 3-2 (0-9) 2-4 (1-0)
3 3-2 (0-9) 3-4(1-3) 3-3 (0-9) 3-4(1-8)
4 36 (09) 30 (07) 33 (0-8) 3-2 (1-8)
5 3-3 (0-9) 30(07) 33(09) 24(1 1)

24 36(09) 35(1 1) 35(09) 44(1 1)
48 3 7 (0 9) 3-8 (0 9) 3 7 (0 9) 3-8 (1 6)
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Discussion
In animals with acute coronary occl
generation of free oxygen radicals
detected by electron spin resonanc

after reperfusion.5 16 Davies et al pub]
first report of increased lipid per
after successful thrombolysis in pati
myocardial infarction.'0 Lipid per
was assessed by measurement of t
turic acid reactive substances accord:
fluorimetric method of Yagi."3 The r
easy to perform, but malondialdehy(
one of several substances that react N

barbituric acid. Despite these obvioi
tions, Davies et al were able cot

classify 35 of their 42 patients wh(
reperfusion and all eight with persisti
sion.10 Their results suggested
increased concentration of thiobarbi
reactive substances in serum may E
invasive measure of successful reper
the discriminative power of the
seemed to be comparable with other
ical tests such as measuring creatine I

and myoglobin'8 concentrations.
To achieve a more specific measui

the adduct of malondialdehyde and t
turic acid separation with, for insta
performance liquid chromatogr;
needed. Recently Giardina et al and
al have shown increased concentr
malondialdehyde measured with hig
mance liquid chromatography methi
reperfusion induced by thromb
These investigators do not agree on i
ficity and sensitivity of the analysis i
ing reperfusion.
To test this hypothesis we perl

study with a design similar to that of Davies et
al but with some modifications. To define the

o optimal time schedule for blood sampling,
blood for the analysis of the concentration of
thiobarbituric acid reactive substances was
collected on several occasions after the start of

r = 0.62 thrombolysis. To assess early reperfusion by
P < 0.01 analysis of ST changes, electrocardiograms

were recorded hourly. Blood samples for the
200 225 250 analysis of lactate dehydrogenase, creatine
)active kinase B, and C reactive protein in serum

were obtained regularly to evaluate the size of

fC reactive the infarct and the inflammatory response to

icesfrom the myocardial infarction.
I or 48 Increased concentrations of thiobarbituric
lated after acid reactive substances were found in six of

the 14 patients with signs of early reperfusion
and in six of the 15 with coronary artery
patency later during the course of acute
myocardial infarction. Obviously, our results

with the suggest that analysis of these substances, at
e protein least in our hands, lacks discriminatory
umal crea- power, which limits its use as a clinical test of
052) or reperfusion or as a research tool to monitor

-ivity (r = the effects of treatment with free radical scav-
orrelation engers. The changes in concentrations that we
barbituric measured were small in relation to the preci-
I the con- sion of the analysis. In addition, errors were
rides was introduced by correcting for haemodilution.

The discrepancy between our results and
those of Davies et aPl' is difficult to explain,
but differences in patient characteristics may
play a part. The mean time from onset of

usion the chest pain to start of thrombolysis was slightly
has been longer in our study: five hours compared with
:e shortly four hours. Secondly, differences in adjunc-
lished the tive treatment might be important: all our
oxidation patients received infusions of glyceryl trini-
ients with trate. Glyceryl trinitrate is metabolised to
oxidation nitric oxide, which in vitro acts as a scavenger
thiobarbi- of free radicals.'9 Preliminary data from an
ing to the ongoing study assaying malondialdehyde by
method is high performance liquid chromatography,
de is only however, show that malondialdehyde is
with thio- formed after reperfusion in the presence of a
us limnita- glyceryl trinitrate infusion. (H Ohlin, unpub-
rrectly to lished data).
) showed Whether more specific methods to measure
ing occlu- malondialdehyde are better than measuring
that an thiobarbituric acid reactive substances as a
turic acid test of reperfusion is still unclear. Young et al
)e a non- found a considerable overlap in malondialde-
rfusion as hyde concentrations in patients who showed
analysis reperfusion and those who did not,'2 whereas

biochem- Giardina et al found good separation." In
kinase B'7 these two studies, however, different assays

and different criteria of reperfusion were used.
rement of We found an increase in the concentration
thiobarbi- of thiobarbituric acid reactive substances
nce, high 24 and 48 hours after the beginning of
aphy is thrombolysis, which is in agreement with pre-
Young et vious reports.20 21 The increases in C reactive
^ations of protein and thiobarbituric acid reactive sub-
;h perfor- stances concentrations were significantly cor-
.ods, after related, indicating that these substances may
olySis." 12 be produced as a part of the inflammatory
the speci- response to myocardial injury. There is evi-
in detect- dence of increased production of oxygen

free radicals in other inflammatory diseases
formed a such as arthritis.22 Activated neutrophils are
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generally considered to play an important part
in these processes. Experimental data suggest
that various measures taken to inhibit the
accumulation of activated neutrophils during
myocardial infarction reduce the final extent
of the necrosis.23 24 It is still unclear, however,
whether the increased oxidant formation con-
tributes to the irreversible myocardial injury
or is just coincidental.

Inflammation is both a friend and a foe in
myocardial infarction: it may extend the
necrosis but it is essential for the healing
process. Both experimental and clinical stud-
ies show that agents interfering with the
inflammatory response aggravate infarct
expansion, resulting in a thinner scar with
greater segment elongation.25 26 It is still
unclear which of the factors of the inflamma-
tory response cause infarct extension and
which prevent infarct expansion.
The absence of any significant correlation

between C reactive protein concentrations
and markers of infarct size in our study
emphasises that the degree of inflammation is
not merely a reflection of infarct size. This is
in agreement with a previous report of a
weaker correlation between C reactive protein
and infarct size in patients with an open artery
induced by thrombolysis than in patients with
a closed artery or patients who were not given
thrombolysis.27 Thus, an individual variation
of the inflammatory response to tissue injury
is conceivable and the intensity of the inflam-
matory reaction may be an important factor in
various stages of myocardial infarction.

LLMITATIONS OF THE STUDY
The few patients in our study precludes an
accurate estimation of the true sensitivity or
specificity of the increase of concentrations of
thiobarbituric acid reactive substances as an
indicator of reperfusion after thrombolysis.
The low sensitivity (43%), and the modest
change in concentration in the first two hours
after thrombolysis (mean 7.5%) strongly
argue against the use of this method for clinical
monitoring of reperfusion. On the other hand,
we do not exclude the possibility of showing
significant increases in concentration after
successful thrombolysis in larger patient
groups.

Coronary patency was, as in the study of
Davies et al,'0 assessed by coronary angio-
graphy fairly late in the course of infarction.
Thus, the result of the angiographic study
reflects not only the early reperfusion status
but also late reperfusion and reocclusion.
Consequently, we added a non-invasive crite-
rion for early reperfusion, but the outcome of
the analysis was essentially the same regard-
less of the criterion used.
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