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Introduction

Heparin is universally employed as an an-
tithrombotic agent in patients with acute
coronary syndromes. However, its adminis-
tration is known to increase circulating free
fatty acids (FFA)1 which may adversely af-
fect myocardial energetics2,3. Additionally,
although low dose heparin infusion can in-
crease nitric oxide (NO) levels and forearm
blood flow in normal subjects4, recent stud-
ies have shown that high dose heparin, at
concentrations often achieved in acute car-
diovascular conditions, increases platelet
aggregation5,6 and impairs NO pathway and
vasomotion in rats7. These observations sug-
gest a possible mechanism by which he-
parin exerts a prothrombotic effect and, the-

oretically at least, may imply that high dose
heparin could also negatively affect my-
ocardial perfusion by interfering with the
production of constitutive NO. 

The aim of the present study was to in-
vestigate in patients with chronic stable angi-
na the effects of acute heparin administration
on ischemic threshold, plasma NO metabo-
lites and FFA release.

Methods

Patients. Eighteen consecutive patients (all
males, mean age 63 ± 7 years) with angio-
graphically proven coronary artery disease
awaiting percutaneous revascularization
were selected for the study. All patients had
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Background. Recent studies have indicated that heparin administration might decrease endothe-
lial nitric oxide production. The aim of this study was to investigate the effect of heparin on ischemic
threshold.

Methods. Eighteen patients with a positive exercise test and proven coronary artery disease were
submitted to a randomized, placebo-controlled trial using i.v. 0.9% NaCl as placebo and i.v. heparin
(5000 IU bolus + 1000 IU/h). After both saline and heparin bolus, the infusion was started and, af-
ter 10 min, the exercise test was performed. Blood samples for nitric oxide metabolites and free fat-
ty acid determinations were taken before, at peak exercise, and at ECG recovery.

Results. As compared to placebo, heparin significantly decreased time to 1 mm ST segment de-
pression (241 ± 160 vs 303 ± 175 s, p = 0.003) and prolonged recovery (573 ± 177 vs 441 ± 195 s,
p = 0.003), while exercise duration was similar. Accordingly, rate-pressure product at 1 mm ST seg-
ment depression was lower after heparin, while it was similar at peak exercise. No significant dif-
ferences were found for plasma nitric oxide metabolite levels. Conversely, free fatty acid levels were
higher after heparin throughout the study in all patients. The increase in free fatty acids was not cor-
related with the difference in rate-pressure product at 1 mm ST segment depression between place-
bo and heparin (r = 0.34, p = NS).

Conclusions. In patients with stable coronary artery disease, heparin significantly decreased ex-
ercise ischemic threshold. The lower rate-pressure product at 1 mm ST segment depression during
heparin, compared to placebo, suggests an impairment of coronary blood flow, which does not seem
to be mediated by decreased nitric oxide production/release. The increased free fatty acid release,
on the other hand, might contribute to the detrimental effect of heparin on exercise-induced ischemia,
but the lack of a correlation with changes in ischemic threshold suggests that other, still unknown,
factors are involved.
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a reproducibly positive exercise test. Reproducibility was
assessed by exercising patients on 2 consecutive days,
before entering the study. Patients with a previous my-
ocardial infarction or any heart disease interfering with
unequivocal interpretation of the 12-lead electrocar-
diogram (ECG) were excluded from the study. Anti-is-
chemic medications and 3-hydroxy-3-methyglutaryl
CoA-reductase inhibitors were withdrawn at least 72
hours before the beginning of the study. Overall, patients
were off anti-ischemic therapy for 7 days and none of
them showed rebound phenomena. All patients were on
salicylates, which were not withdrawn for study pur-
poses. None of the patients had overt diabetes mellitus.
Four of them had mild glucose intolerance, controlled
by diet only. Patients gave informed consent to the
study.

Protocol. The study was conducted according to a
placebo-controlled, randomized, double-blind, cross-
over design on 2 consecutive days. During the placebo
phase, patients received a 10 ml bolus of 0.9% NaCl 10
min before exercise testing, followed by a continuous
infusion of the same preparation (12.5 ml/h) until full
recovery was achieved; during the active treatment
phase, patients received a 5000 IU heparin (10 ml) bo-
lus, followed by a continuous infusion of 1000 IU/h (12.5
ml/h), that was continued until the end of the recovery
period. Treadmill exercise tests (CASE 12-Marquette
Electronics, Milwaukee, WI, USA) was performed in the
morning, in the fasting state, according to the Bruce pro-
tocol. Blood pressure (cuff sphygmomanometer) and the
12-lead ECG were recorded at baseline, after he-
parin/NaCl boluses, at 3 min of each exercise step and
throughout recovery. Exercise was terminated for the ap-
pearance of Ž 2 mm rectilinear or downsloping ST
segment depression or for severe angina, fatigue, ven-
tricular tachycardia or a blood pressure decrease > 10
mmHg. Neither the patient nor the cardiologist super-
vising the exercise test was aware of the trial phase. Heart
rate, systolic/diastolic blood pressure and rate-pressure
product were measured at rest, at the appearance of 1 mm
ST segment depression and at peak exercise. Time to on-
set of angina, to 1 mm ST segment depression and to
peak exercise were recorded. Maximal ST segment de-
pression, cumulative maximal ST segment depression
and the number of ECG leads showing diagnostic
changes were also measured. 

Biochemical testing. Blood sampling for NO metabo-
lites and FFA determination was performed at -30 min,
0 time, at peak exercise and at the end of recovery. FFA
were determined by spectrofluorometric enzymatic
method, adapted to Cobas Fara Centrifugal Analyzer
(Roche, Basel, Switzerland)8. NO levels were evaluat-
ed by measuring the end-products of their metabolism,
i.e. nitrite and nitrate levels, using enzymatic catalysis
coupled with Griess reaction. Specifically, NO3 was re-
duced to NO2 by nitrate reductase 0.1 U, FAD 5 u 10-6

M and NADPH 250 u 10-6. Samples were incubated at
37°C for 3 hours, then LDH 8.8 U and pyruvate 10-2 M
was added, and samples incubated for additional 90 min
at 37°C. Finally, Griess reactive was added to each well
and samples read at 540 nm9.

Statistical analysis. Data are reported as mean ± 1 SD.
Statistical significance for exercise parameters was eval-
uated by the Student’s t-test for paired data. Biochemi-
cal parameters were compared by means of analysis of
variance followed by the Scheffe F test when indicated.
A two-tailed probability level < 0.05 was considered sta-
tistically significant. 

Results

Reproducibility of basal exercise testing. No signif-
icant differences were observed between the two basal
tests performed before entering the active study. Addi-
tionally, time to 1 mm ST segment depression (298 ± 147
and 307 ± 156 s), total exercise time (349 ± 168 and 366
± 187 s), recovery time (412 ± 133 and 454 ± 172 s), rate-
pressure product at 1 mm ST segment depression (25 146
± 7105 and 25 902 ± 6114 mmHg u b/min) and at peak
exercise (27 317 ± 7197 and 27 154 ± 6982 mmHg u
b/min), maximal ST segment depression (2.10 ± 0.89 and
2.07 ± 0.91 mm) and cumulative number of ECG leads
showing diagnostic changes (4.59 ± 1.28 and 4.54 ±
1.33) were not significantly different compared to the
placebo phase of the active study.

Exercise testing. Compared to placebo, heparin sig-
nificantly decreased time to 1 mm ST segment depres-
sion and prolonged exercise recovery, while total exer-
cise duration was similar (Fig. 1). Accordingly, rate-
pressure product at 1 mm ST segment depression was
lower after heparin while it was similar at peak exercise
(Fig. 2). Finally, maximal ST segment depression was sig-
nificantly greater after heparin compared to placebo,
while there were no significant differences in the num-
ber of ECG leads showing diagnostic changes. Table I

Figure 1. Bar graphs (+ 1 SD) relative to time (seconds) to 1 mm ST seg-
ment depression, to peak exercise and to the end of the recovery period,
during placebo and heparin administration.
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shows these results in detail. No significant differences
between saline and heparin administration were found
for basal (75 ± 9 vs 76 ± 8 b/min) and peak (139 ± 19
vs 143 ± 17 b/min) heart rate, and systolic (basal 149 ±
11 vs 150 ± 12 mmHg, peak 198 ± 23 vs 192 ± 24
mmHg) and diastolic (basal 91 ± 6 vs 90 ± 4 mmHg, peak
105 ± 7 vs 103 ± 9 mmHg) blood pressure, respective-
ly.

Biochemical results. No significant differences were
found for plasma NO metabolite levels before and after

heparin administration (Table II). A trend towards de-
creased NO metabolite levels was observed during re-
covery after heparin, but the difference was not signif-
icant. Conversely, FFA levels immediately increased
after heparin administration and remained significantly
higher, compared to placebo, throughout the study pe-
riod (Table III). The increase in FFA was not correlat-
ed with the difference in rate-pressure product at 1 mm
ST segment depression between placebo and heparin (r
= 0.34, p = NS).

Discussion

This preliminary report indicates that in patients with
stable coronary artery disease, acute heparin adminis-
tration may significantly decrease the ischemic thresh-
old. The observation that the rate-pressure product at the
onset of ischemia was lower than that recorded during
placebo, in spite of similar NO metabolite levels, sug-
gests some effects on vasomotion. However, since NO
levels were derived from the end-products of nitrites and
nitrates, we might have missed short lasting acute changes
in NO production induced by heparin. Indeed, NO
metabolite levels appeared lower after heparin at the
end of the recovery period, though the difference did not
reach statistical significance. 

To our knowledge, this is the first study reporting a

Figure 2. Bar graphs (+ 1 SD) relative to rate-pressure product (mmHg
u bpm) at 1 mm ST segment depression and at peak exercise, during place-
bo and heparin administration.

PHR RPP 1 mm RPP max Time 1 mm Time peak Recovery time Max ST No. leads
(%) (mmHg u b/min) (mmHg u b/min) (s) (s) (s) (mm)

Placebo 88 ± 12 25 466 ± 7304 27 514 ± 6440 303 ± 175 371 ± 164 441 ± 195 2.09 ± 0.93 4.50 ± 1.34
Heparin 89 ± 12 23 035 ± 6624 27 420 ± 6600 241 ± 160 333 ± 166 573 ± 177 2.32 ± 0.90 4.94 ± 1.30
p = 0.89 0.01 0.92 0.003 0.08 0.003 0.03 0.08

Table I. Ergometric parameters.

Max ST = maximal ST segment depression; No. leads = number of ECG leads showing diagnostic ST segment changes; PHR = per-
centage attained of maximal predicted heart rate; RPP 1 mm/RPP max = rate-pressure product at 1 mm ST segment depression/at peak
exercise; Time 1 mm/Time peak = time to 1 mm ST segment depression/to peak exercise.

30 min 0 time Peak Recovery

Placebo 18.1 ± 4.0 18.1 ± 11.3 18.3 ± 14.5 18.5 ± 14.6
Heparin 19.9 ± 2.9 22.0 ± 11.1 18.7 ± 11.3 12.3 ± 8.2
p NS NS NS NS

Table II. Nitric oxide metabolite levels (µmol/l) at different exercise stages.

30 min 0 time Peak Recovery

Placebo 0.49 ± 0.19 0.51 ± 0.20 0.37 ± 0.10 0.55 ± 0.23
Heparin 0.48 ± 0.19 3.59 ± 0.87 3.60 ± 0.91 2.99 ± 0.89
p NS < 0.01 < 0.01 < 0.05

Table III. Free fatty acid levels (mmol/l) at different exercise stages.
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deleterious effect of acute heparin administration on
the ischemic threshold of patients with stable coronary
artery disease. Previous studies had shown that long-term
association of exercise with heparin administration
could improve exercise tolerance in patients with coro-
nary artery disease10. This beneficial effect was con-
sidered to depend on the effect of heparin on exercise-
induced development of collateral circulation11. How-
ever, further studies evidenced that heparin does not serve
as an angiogenic factor by itself, but that it potentiates
the ischemia-derived angiogenic factor12.

Effects of heparin on endothelial function. In a pre-
vious study Piatti et al.4 demonstrated that low dose he-
parin in healthy subjects may improve endothelial func-
tion, as evidenced by decreased endothelin-1 levels and
increased NO metabolite release. The hypothesis that
prompted the present study was that heparin-induced im-
provement of endothelial function could be operative
even at doses usually employed in clinical situations, and
that this beneficial effect could determine an improve-
ment of the ischemic threshold in patients with coronary
artery disease. However, the present study produced
opposite results. The reasons for these differing results
are probably related to different study populations
(healthy subjects in Piatti’s study) and different heparin
dosages (500 IU in Piatti’s study). 

Deleterious effects of heparin-induced free fatty
acid release. Another possible explanation for the dele-
terious effect of heparin may be related to its known ac-
tion on FFA release1 which can adversely influence the
metabolism of the ischemic myocardium3 and endothelial
function13. 

A variety of mechanisms have been suggested to ex-
plain the deleterious effects of fatty acids and their de-
rivatives on cardiac structure and function in ischemia
and reperfusion14. Indeed, in the ischemic myocardium,
long-chain fatty acids accumulate quickly. Most of the
accumulating fatty acids derive from hydrolysis of
triglycerides and membrane phospholipids. Exogenous
fatty acids, the main fuel for the myocardium under
aerobic conditions, are disadvantageous under oxygen
deprivation since their presence further augments the ac-
cumulation of long-chain acyl esters in the myocytes.
The accumulation of lipids and their degradation from
cellular membranes may contribute to the progression
of injury. Furthermore, during reperfusion, fatty acid ox-
idation can quickly recover and become the dominant
source of ATP production. A high rate of fatty acid ox-
idation contributes to a marked decrease in cardiac ef-
ficiency during the ischemia-reperfusion period.

In the latter context, a heparin-induced increase in fat-
ty acid release may further worsen the local metabolic
milieu. On the other hand, if glucose oxidation could be
stimulated during ischemia-reperfusion, this would re-
sult in a significant increase in cardiac efficiency, with
a parallel increase in cardiac function and lesser injury. 

There is of course no causative relation between

heparin-induced FFA increase and detrimental effects on
myocardial ischemia. The degree of heparin-induced
FFA increase was quite similar in all patients and there-
fore it was not possible to obtain a correlation between
FFA levels and the degree of ischemia. Our hypothesis
is mainly based on previous evidence showing that el-
evated FFA levels can definitely worsen the metabolic
milieu of the ischemic myocardium. We believe that this
can also be the mechanism through which heparin, by
increasing FFA, decreased the ischemic threshold in
our patients. 

In our study heparin induced worsening of both, the
degree of ischemia and the ischemic threshold. Al-
though increased FFA release could contribute to a
greater degree of ischemia, it cannot explain the wors-
ening of the ischemic threshold. Furthermore, the lack
of a correlation between FFA concentrations and the im-
pairment of ischemic threshold suggests that other, still
unknown, factors are involved in the detrimental effect
of acute heparin administration on ischemic threshold
during exercise test.

Manipulation of cardiac metabolism. A number of dif-
ferent approaches can be used to manipulate energy
metabolism in the heart15. These involve both indirect
measures, as well as the use of agents which directly act
on the heart to shift energy substrate utilization away
from fatty acid metabolism and towards glucose me-
tabolism. One way to increase glucose metabolism and
decrease fatty acid metabolism in the heart is to decrease
circulating fatty acid levels. This can be achieved by the
administration of glucose-insulin solutions16, nicotinic
acid17 and β-adrenergic blocking drugs18,19. Specifical-
ly, β-blockers entail a reduction in the circulating lev-
els of FFA and shift tissue metabolism towards a greater
utilization of carbohydrates due to substrate competi-
tion20-23. It is likely that in patients on β-blocker thera-
py, the effects of heparin could be of a lesser magnitude.

Another approach of manipulating cardiac metabo-
lism consists in directly modifying substrate utilization
by the heart. Experimental studies with metabolic mod-
ulators suggest that inhibition of oxidative phosphory-
lation and fatty acid substrates, can shift substrate uti-
lization from fatty acid oxidation to glucose24-27. Again,
the utilization of these drugs could reduce the negative
effects of heparin on the ischemic myocardium.

In conclusion, in patients with stable coronary artery
disease, heparin significantly decreases exercise is-
chemic threshold. The lower rate-pressure product at 1
mm ST segment depression during heparin, compared
to placebo, suggests an impairment of coronary blood
flow, which does not seem to be mediated by decreased
NO production/release. The increased FFA release, on
the other hand, might contribute to the detrimental ef-
fect of heparin on exercise-induced ischemia, but the
lack of a correlation with changes in ischemic thresh-
old suggests that other, still unknown, factors are in-
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volved.
Although the net effect of heparin administration is

beneficial, mainly because of its antithrombotic ef-
fect, future studies should assess its effect on both my-
ocardial perfusion and metabolism and whether the
adverse effects outlined in this study have any clinical
relevance in the setting of acute coronary syndromes.
Finally, subsequent studies should also determine
whether it could be possible to improve the overall ef-
ficacy of the agent by modulating the metabolic han-
dling of myocardial ischemia. In this context it would
be interesting to assess a possible beneficial effect of
β-blockers or other drugs directly affecting myocardial
metabolism.
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