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Introduction and objectives. Interleukin 10 (IL-10) is
an anti-inflammatory cytokine that inhibits the synthesis of
proinflammatory cytokines. It has been shown that IL-10
is released into the circulation during post-ischemic myo-
cardial reperfusion. The objective of this study was to de-
termine whether the serum IL-10 concentration in patients
with acute myocardial infarction who were undergoing pri-
mary angioplasty was related to the subsequent presence
or absence of heart failure.

Patients and method. The study included 65 patients
who underwent successful primary angioplasty. During
their subsequent stay in the coronary unit, their maximum
degree of heart failure was recorded. Patients were then
divided into 2 groups: group A patients were in Killip class
I and group B patients in Killip classes II-IV. The serum
IL-10 concentration was measured during the 24 hours
following admission to the coronary unit.

Results. The 2 groups were similar with regard to age,
sex, and coronary risk factors. The IL-10 concentration
was significantly higher in the group of patients with acute
myocardial infarction without heart failure than in the
group with heart failure (30.4±10.8 vs 19.8±7.9 pg/mL;
P<.001).

Conclusions. In patients with acute myocardial infarc-
tion who had undergone successful primary angioplasty,
the serum IL-10 concentration measured during the follo-
wing 24 hours was significantly higher in those who did
not develop heart failure. These findings suggest that this
anti-inflammatory cytokine has a protective effect on the
myocardium during ischemia or reperfusion, or both.

Key words: Interleukin. Myocardial infarction. Inflamma-
tion. Coronary angioplasty. Heart failure.
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Asociación entre concentraciones séricas 
de interleucina 10 y desarrollo de insuficiencia
cardíaca en pacientes con infarto agudo 
de miocardio tratados con angioplastia primaria

Introducción y objetivos. La interleucina 10 (IL-10) es
una citocina con propiedades antiinflamatorias capaz de
inhibir la síntesis de citocinas proinflamatorias. Se ha de-
mostrado que la IL-10 se libera al torrente sanguíneo du-
rante la reperfusión miocárdica postisquémica. El objetivo
de este estudio fue determinar las concentraciones séri-
cas de IL-10 en pacientes con infarto agudo de miocardio
(IAM) tratados con angioplastia primaria y relacionarlas
con la presencia o ausencia posterior de insuficiencia
cardíaca (IC).

Pacientes y método. Se incluyó en el estudio a 65 pa-
cientes a los que se realizó angioplastia primaria con éxi-
to. Posteriormente, durante su estancia en la unidad co-
ronaria, se registró el máximo grado de IC. La población
de estudio fue dividida en 2 grupos: grupo A (clase Killip I)
y B (clases Killip II, III y IV). Las concentraciones séricas
de IL- 10 se determinaron durante las primeras 24 h pos-
teriores a su admisión en la unidad coronaria.

Resultados. Ambos grupos fueron similares en edad,
sexo y factores de riesgo coronario. En el grupo de pa-
cientes con IAM sin IC, las concentraciones de IL-10 fue-
ron mayores que en el grupo de pacientes con IC (30,4 ±
10,8 frente a 19,8 ± 7,9 pg/ml; p < 0,001).

Conclusiones. En los pacientes con IAM en los que se
realiza con éxito una angioplastia primaria, la concentra-
ción sérica de IL-10, determinada en las primeras 24 h
del evento, está más elevada cuando no se desarrolla IC.
Estos hallazgos sugieren que esta citocina antiinflamato-
ria ejerce un efecto protector del miocardio durante la is-
quemia y/o la reperfusión.

Palabras clave: Interleucina. Infarto de miocardio. Infla-
mación. Angioplastia coronaria. Insuficiencia cardíaca.
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PATIENTS AND METHODS

Patients

Between May 2002 and May 2003, 89 patients re-
ceived primary PTCA for AMI at our center. All pa-
tients presented with angina-like chest pain of >30 min
duration and with an elevation of the ST segment of
≥0.1 mV as registered by 2 or more contiguous leads.
Primary PTCA was performed on 65 patients, who
made up the study population. The procedure was suc-
cessful in all cases i.e., a TIMI score of 3 was achie-
ved in the affected artery and the residual stenosis was
<30%). All patients gave their consent to be included
in the study, which was approved by the ethics com-
mittee of our institution.

Patients with concomitant disease, such as infec-
tions, acute or chronic kidney or liver disease, cancer
or autoimmune disease were excluded. Also excluded
were patients diagnosed with cardiogenic shock at ad-
mission, and those who had suffered a previous AMI.

Coronary angiography and PTCA were performed
using standard techniques. Blood flow in the affected
artery was defined using the criteria of the TIMI
study.13 Percutaneous transluminal coronary angio-
plasty was performed when initial angiography of the
affected artery showed total occlusion or subtotal oc-
clusion and the TIMI score was <3.

Clinical Variables

The following variables were recorded for all sub-
jects: a) demographic characteristics—age and sex—;
b) coronary risk factors—high blood pressure, dyslipi-
demia, diabetes, and smoking habit—; c) markers of
myocardial damage—maximum troponin I peak—; d)
angiographic characteristics—artery involved in the
AMI, number of vessels with stenosis ≥70%—; and e)
Killip class14—the 2 cardiologists normally responsi-
ble for the coronary unit recorded the maximum Ki-
llip class during each patient’s stay in hospital. The
study population was divided into 2 groups according
to this classification: group A—patients who did not
develop heart failure (Killip class I)—, and group B—
those who did develop heart failure (Killip classes II,
III and IV).

Determination of Interleukin 10

A blood sample was taken from each patient within
24 h of admission (median, 18 h; range, 6-24 h) for the
determination of IL-10 concentrations. Serum was ob-
tained by centrifugation and frozen in Eppendorf tubes
before transport to the laboratory for analysis. Inter-
leukin 10 concentrations were determined using high
sensitivity quantitative sandwich immunoenzyme
analysis kits (DRG Instruments GMBH, Germany),
following the manufacturer’s recommendations. The
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INTRODUCTION

It is now generally accepted that inflammation plays
a fundamental role in the development and progres-
sion of atherosclerotic lesions, and that it is involved
in both the short and long term appearance of clinical
symptoms.1

Acute heart failure is the main cause of
morbidity/mortality in patients with acute myocardial
infarction (AMI).2 The latter sets a number of com-
pensatory hormonal and peptide mechanisms in mo-
tion that have effects on the kidney, the peripheral vas-
cular system and the myocardium itself.3 In addition,
an immune reaction is activated (with systemic, vascu-
lar and myocardial components) involving the release
of cytokines, mediators of inflammation and growth
factors. These phenomena contribute towards the per-
petuation of ventricular dysfunction; they must there-
fore be taken into account when trying to arrive at a
prognsosis.4,5

Interleukin 10 (IL-10) is a cytokine with anti-in-
flammatory properties that inhibits the synthesis of
proinflammatory cytokines by T lymphocytes and ma-
crophages, as well as interfering with the other inflam-
matory functions of these cells. Interleukin 10 has
been detected in human atherosclerotic plaques, and in
animal experiments low concentrations of this cytoki-
ne have been found to favor the development of larger
and morphologically less stable atherosclerotic le-
sions.6 It is also known that IL-10 is released into the
bloodstream during post-ischemic myocardial reperfu-
sion and during cardiopulmonary bypass in human pa-
tients.7-10 Our group recently demonstrated an associa-
tion between post-ischemic reperfusion and plasma
IL-10 concentrations in patients with AMI treated by
primary percutaneous transluminal coronary angio-
plasty (PTCA).11,12

The present paper examines the relationship bet-
ween serum IL-10 concentrations in patients with
AMI who received successful primary PTCA (i.e.,
in whom revascularization of the artery involved in
the infarction was achieved and a “thrombolysis in
myocardial infarction” [TIMI] flow score of 3 was
established) and the later development of heart fai-
lure.

ABBREVIATIONS

AMI: acute myocardial infarction.
HF: heart failure. 
IL: interleukin.
PTCA: percutaneous transluminal coronary 

angioplasty.
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detection limit was 1 pg/mL. The coefficients of varia-
tion for intra- and inter-analyses were 3.2 and 2.8%
respectively.

Statistical Analysis

All calculations were made using SPSS software
v.10.0 for Windows. Qualitative variables were ex-
pressed as percentages; quantitative variables were ex-
pressed as means ± standard deviation (SD). The pro-
ximity of the data to the normal distribution was
analyzed using the Kolmogorov-Smirnov test. Pairs of
qualitative variables were compared using the χ2 test.
Differences between the means of quantitative varia-
bles with normal distributions were analyzed using the
Student t test.

RESULTS

Group A (Killip class I) was composed of 37 pa-
tients; group B contained 28 (15 in Killip class II, 10
in Killip class III, and 3 in Killip class IV). Table 1
shows the clinical characteristics of both groups of pa-
tients. The time elapsed between the onset of symp-
toms and the achievement of a TIMI score of 3 was si-
milar in both groups (5.7±1.8 vs 5.9±2.1 h; P=.22).

The time elapsed from the beginning of the PTCA
procedure to the reopening of the affected artery was
also similar in both groups (29±16 vs 27±12 min;
P=.58). A TIMI flow score of 3 was achieved in all
patients. No significant differences were seen betwe-
en the 2 groups with respect to the percentage of pa-
tients that received stents during PTCA (81% in
group A vs 85% in group B; P=.61). No reinfarctions
nor cerebrovascular accidents were recorded in either
group.

Interleukin 10 concentrations were higher in group
A patients (i.e., those with AMI but who did not deve-
lop heart failure) than in group B patients (those who

did develop heart failure) (30.4±10.8 vs 19.8±7.9
pg/ml; P<.001) (Figure 1).

DISCUSSION

The development of heart failure is associated with
greater mortality in patients with AMI; indeed, it is the
variable most strongly associated with mortality at 28
days.15 The results of the present study indicate that pa-
tients with AMI who receive primary PTCA and who go
on to develop heart failure have lower serum IL-10 con-
centrations in the first 24 h after the ischemic event than
do those who do not develop heart failure. While it is
true that no series of serum IL-10 determinations were
made for each patient, the association seen between the
values at admission and the development of heart failure
allow one to hypothesize about their potential predictive
value. Other authors have reported similar results regar-
ding the power of IL-10 concentrations at admission to
predict the later development of heart failure.16,17

TABLE. Patient Clinical Characteristics*

Group A (Without Heart Failure; n=37) Group B (With Heart Failure;n=28) P

Age, years (mean #+SD) 62±13 63±10 .73

Males, n (%) 28 (75) 19 (67) .20

High blood pressure, n (%) 20 (54) 14 (50) .28

Dyslipdemia, n (%) 30 (81) 19 (67) .08

Diabetes mellitus, n (%) 26 (70) 21 (75) .52

Smokers, n (%) 22 (59) 16 (57) .12

Troponin I, mg/dL (mean #+SD) 89±15 92±18 .46

Artery involved in the infarction, n (%)

Anterior descending coronary artery 21 (56) 15 (53) .30

Circumflex artery 4 (10) 5 (17) .50

Right coronary artery 12 (32) 8 (28) .11

Stenosis >70% in >2 vessels, n (%) 17 (45) 11 (39) .17

*SD indicates standard deviation; n, number of patients.

Figure. Serum interleukin 10 concentration according to groups
(group A: without heart failure; group B: with heart failure).



Mallat et al18 reported a strong association between
high IL-10 expression in atherosclerotic lesions and a
reduction in the expression of inducible nitric oxide
synthase, suggesting that IL-10 plays a limiting role in
the inflammatory response. Smith et al19 reported that
patients with unstable angina had significantly lower
blood IL-10 concentrations than did those with chro-
nic, stable angina. This suggests that lower IL-10 le-
vels are associated with greater clinical instability, and
supports the hypothesis that IL-10 plays a protective
role in atherogenesis by contributing towards maintai-
ning plaque stability, thus helping to prevent acute
events. 

It has been shown that the release of cytokines by
the heart following AMI increases considerably after
primary PTCA.20 In post post-AMI patients, the acti-
vation of proinflammatory cytokines leads to high
concentrations of inducible nitric oxide synthase, ni-
tric oxide, and peroxynitrite, all of which can have
multiple harmful effects.21 In a murine ischemia-re-
perfusion model, Yang et al22 observed that mice with
IL-10 deficiencies had an exaggerated inflammatory
response in their tissues compared to wild type mice.
This was manifested as an increase in neutrophil infil-
tration in the reperfused tissue and an increase in the
production of tumor necrosis factor alpha (TNF-α),
ICAM-1 adhesion molecules and the degradation pro-
ducts of nitric oxide. This eventually led to an increa-
se in the size of the myocardial necrosis and in morta-
lity in immunosuppressed animals. These findings
provide evidence that endogenous IL-10 plays a pro-
tective role in myocardial ischemia and reperfusion
via its inhibition of the production of TNF-α plus that
of inducible nitric oxide synthase, the expression of
adhesion molecules and the recruitment of neutrop-
hils. 

Acute myocardial infarction is associated with a
stronger inflammatory response than is unstable angi-
na: the latter is associated with an inflammatory me-
chanism unrelated to the presence of necrosis and with
the extension of coronary lesions.23 In the present
study, the patients who developed heart failure had lo-
wer IL-10 concentrations, which probably led to the
amplification of the local inflammatory response occa-
sioned by the ischemia- and/or reperfusion-induced
damage to the myocardium.

The distributions of the proatherogenic and proin-
flammatory risk factors were similar in both groups of
patients. It is therefore unlikely that differences in the-
se risk factors influenced the expression of IL-10.

The present findings suggest that the potential role
of IL-10 as a therapeutic agent in this clinical context
should be investigated.

Limitations of the Study

The present study sample was relatively small and

composed of selected patients with AMI who had un-
dergone successful primary PTCA: the results apply,
therefore, only to this kind of patient and cannot be
extrapolated to other AMI reperfusion situations or to
cases where reperfusion is unsuccessful. In addition,
the peripheral activation of cytokines probably does
not adequately reflect their tissue activation, but it is
within the tissues where mediators are activated that
favor ventricular remodeling, influencing the progres-
sion of disease.

The determination of a single IL-10 value for each
patient may somewhat reduce the value of this work.
Nevertheless, when establishing the predictive value
of a variable, the values recorded in the initial assess-
ment of a patient are the most important.24

The moment when the blood sample was taken for
the determination of the IL-10 concentration differed
somewhat between patients with respect to the onset
of their symptoms. The results should therefore be in-
terpreted with caution. In addition, IL-10 behavior in
the post-AMI period may be influenced by certain tre-
atments. These potential problems were not taken into
account in this study. However, the conclusions drawn
would probably not change: patients with a low IL-10
concentration are more likely to have a more exagge-
rated inflammatory response and be clinically more
unstable. 

CONCLUSION

In patients with AMI who undergo successful
PTCA, the serum concentration of IL-10 determined
in the first 24 h following the event is higher among
those who do not go on to develop heart failure. This
finding suggests that this anti-inflammatory cytokine
exerts a protective effect on the myocardium during is-
chemia, reperfusion, or both.
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