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Acute coronary syndrome

An Acute Inflammatory Syndrome

Wael Elabbassi, MD, ABIM, Arif Al-Nooryani, Facht Artz.

ABSTRACT

Atherosclerosis begins with the accumulation of small lipoprotein particles within arterial intima. These particles coalesce
together and are modified and then they induce localized endothelial inflammation, thereby attracting leukocytes. Scavenger
receptors over the surface of monocytes bind to the modified low density lipoprotein particles, which transform into
foam cells that become a source for further inflammatory cytokines. The level of inflammation is heightened in ruptured
coronary plaques. In patients dying of an acute myocardial infarction, the level of inflammation is heightened in all lesions
in the coronary tree. The inflammatory reaction in acute coronary syndrome is not confined to cellular immunity, but also
encompasses humoral immunity. High sensitivity CRP (hs-CRP) measures systemic inflammation, and at low levels it has
emerged as a strong predictor of adverse cardiovascular events. It is mainly used to further stratify the intermediate-risk
patients. Many other molecules have shown promise as markers for increased inflammation and increased risk of adverse
cardiac events. That risk may be additive in nature, and some studies suggest that inflammatory markers can also predict
response to various treatment strategies during acute coronary syndromes.
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In order to fully appreciate the role, inflammation
plays in acute coronary syndrome (ACS), it is
vital initially to revise its role in the pathogenesis
of atherosclerosis. Atherosclerosis begins with the
accumulation of small lipoprotein particles within
arterial intima.! These particles coalesce together, bind
to proteoglycans, and are modified by oxidation and
glycation.>* Then they induce localized inflammation
and enhance the expression of adhesion molecules over
endothelial cells (vascular cell adhesion molecule,
intracellular adhesion molecule,*® and selectins®’)
thereby attracting leukocytes. Chemo-attractant
molecules, such as monocyte chemoattractant
particle -1, promote diapedesis of monocytes through
arterial intima.® Monocyte colony stimulating factor
promotes expression of scavenger receptors’ over

surface of monocytes, where modified LDL particles
bind. The monocytes now form foam cells that
becomes a source for inflammatory cytokines. T-
lymphocytes accumulate in early atherosclerosis.'®!"
Helper-1 cells elaborate pro-inflammatory cytokines
(interferon gamma, CD 40 ligand, tumor necrosis
factor-alpha) leading to plaque destabilization and
heightened thrombogenicity. T helper-2 cells, produce
Interleukin-10, an anti-inflammatory cytokine.!?
Platelet derived growth factor (PDGF) from activated
macrophages enhance smooth muscle cell migration
into the forming plaque.”® These cells divide and
elaborate extracellular matrix, which forms most of
the plaque volume. The production of extracellular
matrix is a balance between its promoters (PDGF and
tumor growth factor-beta [TGF-8]), and enzymes that
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catalyze its breakdown (matrix metalloproteinase
[MMP]). Over time there is progression from a
fatty streak into a lipid-rich atheroma covered by an
acellular fibrous cap. Inflammation affects plaque
stability via cytokines and metalloproteinase that
degrade the covering cap, aiding in plaque rupture.'>!”
The level of inflammation, is highest in ruptured
coronary plaques, less so in lipid-rich plaques and
least in stable, fibrous, calcified plaques.’* Unstable
plaques have increased leukocytic infiltrates, and T
cells and macrophages predominate at rupture sites.'®
Autopsies of patients dying from an acute myocardial
infarction'® shows heightened levels of inflammation
in all atherosclerotic lesions of their coronary arteries
and not only the culprit lesions.

The inflammatory reaction in acute coronary
syndrome is by no means confined to cellular
immunity. Calligiuri et al” showed that total IgM
levels in serum were higher in patients with unstable
angina at the time of presentation, compared to
patients with chronic stable angina (p<0.001). Serum
IgM levels then continued to rise at 7 to 15 days after
the culprit event (p<0.05). The increment of IgM is
significantly greater in the subgroup of patients with
unstable angina patients who stabilized with initial
medical therapy and went on have more favorable
clinical outcomes (p<0.05). High sensitivity CRP
(hs-CRP) measures systemic inflammation, and
provides diagnostic and prognostic information in
the setting of ACS. C-reactive protein (CRP) is an
acute-phase protein produced by the liver in response
to systemic cytokinemia (Interleukin-6, Interleukin-
1, tumor necrosis factor-alpha) during tissue injury,
infection and inflammation.*® High sensitivity CRP
assays (Hs-CRP) detects CRP levels within the normal
range, which are associated with increased risk for
cardiovascular events. In a nested case-controlled
substudy of 245 patients;*' Hs-CRP was significantly
associated with higher cardiovascular risk (risk ratio
for patients with high hs-CRP and TC:HDL was 5.0,
risk ratio for high hs-CRP was 1.5, risk ratio for high
total cholesterol was 2.3, p=0.0001). In another
substudy of the TIMI 11A trial,?? elevated CRP levels
in unstable angina patients correlated significantly
with 14-day-mortality. An early positive troponin
assay (cTnT) and a high hs-CRP predicted the highest
mortality (9.10% versus 4.65% for high hs-CRP or
positive cTnT versus 0.36% for low hs-CRP and
negative cTnT; p=0.0003). In a single-center registry
of 727 patients who underwent early percutaneous
coronary intervention for NSTEMI,* baseline of hs-
CRP remained independently predictive of excess 30-
day death or myocardial infarction (highest quartile of
Hs-CRP: odds ratio: 3.68; 95% confidence interval:
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1.51-8.99; p=0.004). In another prospective study of
1042 patients who underwent primary percutaneous
intervention for NSTEMIL* followed up for 20
months; the Hs-CRP was >10mg/L portended a
4.18 times relative risk for all cause mortality (1.59-
10.96; p=0.004). High sensitivity-CRP is similarly
associated with heightened risk for carotid artery
stenosis. In 124 hypertensive patients followed up for
35 months,” the Hs-CRP was a superior independent
predictor of the progression of carotid atherosclerosis
than pulse pressure or systolic blood pressure.
Among 14,719 healthy women followed up for 8
years,”® survival free of cardiovascular disease was
highest amongst those with low hs-CRP (<3 mg/L)
and no criteria for metabolic syndrome, and least in
women with metabolic syndrome and high hs-CRP,
indicating that Hs-CRP added relevant prognostic
information for women with metabolic syndrome.
High sensitivity-CRP maybe a stronger predictor of
cardiovascular events than in LDL cholesterol.”’ In
women, hs-CRP was the strongest univariate predictor
for cardiovascular risk® In multivariate analyses,
hs-CRP and total cholesterol: HDL cholesterol
independently predicted cardiovascular risk (RR for
hs-CRP in highest quartile 1.5; 1.1 - 2.1. RR for the
ratio of total cholesterol to HDL: 1.4; 1.1 - 1.9). The
Reykjavik study® followed healthy men and women
for an average of 11 years. Participants with baseline
hs-CRP in the highest third had an odds ratio for
developing coronary heart disease of 1.45 (1.25 -
1.68). This risk associated with hs-CRP was stronger
than the risk associated with baseline erythrocyte
sedimentation rate and baseline von Willebrand factor
level, but it was less than that associated with other
established cardiac risk factors, such as high total
cholesterol and cigarette smoking. From the CARE
trial,® patients with highest baseline hs-CRP had a
RR for recurrent cardiovascular events that is 75%
higher than those with the lowest hs-CRP (RR=1.77,
p=0.02). In another trial,’' among patients with ACS
randomized to pravastatin 40 mg or atorvastatin 80
mg; those in whom statin therapy resulted in LDL
cholesterol levels <70 mg/dL (1.8 mmol/L) had lower
cardiovascular event rates. An identical reduction in
risk was observed among participants who had hs-
CRP levels <2 mg/L after statin therapy (2.8 versus
3.9 events per 100 person/years, p=0.006). Low hs-
CRP level after statin therapy translated into better
cardiovascular outcomes, regardless of the resultant
level of LDL cholesterol. The use of aspirin® is
associated with significant reductions in the risk of
future MI among patients with high Hs-CRP (55.7%
reduction, p=0.02), but not among patients with low
Hs-CRP (13.9%, p=0.77).
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The clinical relevance of CRP measurements in the
prediction of the risk of CHD remains under scrutiny,
partly because there are no prospective randomized

clinical trials to demonstrate that lowering CRP
offsets CHD events beyond established lifestyle and
pharmacological modalities. There is currently no
agent that can reduce the inflammatory cascade (as
measured by hs-CRP), without affecting other cardiac
risk factors. High sensitivity-CRPis linked to these risk
factors and treating them also lowers CRP. Control*
states that hs-CRP is an independent risk factor for
cardiovascular disease, “to be used at the discretion
of the treating physician”, and it would be “most
useful when cardiovascular risk is intermediate”.
Metalloproteinase (MPO) is another inflammatory
marker that participates in  atherosclerosis.
Metalloproteinase is a heme peroxidase that generates
reactive oxidants and free radicals, as part of innate
host defenses.***  Metalloproteinase levels are
elevated within human atheroma.*® Metalloproteinase
in leukocytes generates oxidants capable of initiating
lipid peroxidation,” including the conversion of
low density lipoprotein into its atherogenic form
recognized by macrophage scavenger receptors.®®
Metalloproteinase promotes endothelial dysfunction,
by consuming nitric oxide.** Recent clinical studies,*
demonstrate that levels of MPO are independent
predictors of CAD. Brennan*' and Baldus et al*
proved the utility of circulating MPO as a predictor of
plaque vulnerability. Sugiyama et al** demonstrated
that MPO-generated HOCI, provokes endothelial
cell activation and tissue factor elaboration, as well
as endothelial cell apoptosis, thereby contributing to
increased plaque vulnerability. Another inflammatory
marker is the CD 40 Ligand, expressed at the surface
of platelets,* and released into serum upon platelet
activation. CD 40 Ligand binds to endothelial cell
receptors and upregulates tissue factor expression®
and enhances expression of adhesion molecules.
Among patients with chest pain;* elevated soluble
CD40 ligand levels identified those at highest
risk for death or nonfatal MI (adjusted HR: 6.65;
3.18 - 13.89; p<0.001). Last and not least, is IL-6;
produced locally at the site of active plaque rupture.*”
# Interleukin-6 travels through the blood to reach the
liver and enhances CRP and fibrinogen production. In
patients with AMI,* samples of blood collected from
the coronary arteries at the sites surrounding ruptured
plaques had significantly higher IL-6 levels than in
the aorta (p<0.0001). In a nested substudy,* the risk
of future MI was related to the increasing quartiles
of baseline IL-6. Healthy men in the highest baseline
IL-6 quartile had a relative risk of 2.3 times higher
than those in the lowest quartile (1.3-4.3, p=0.005);

for each quartile increase, there was a 38% increase
in MI risk (p=0.001). In the FRISC trial,® baseline
IL-6 levels =5 ng/L. was associated with significantly
increased mortality among NSTEMI patients treated
non-invasively (7.9% versus 2.3%; relative risk
[RR], 3.47; 1.94-6.21) and in the placebo-treated
group (7.9% versus 2.5%; RR, 3.19; 1.77-5.74). The
question which now arises naturally is which marker
to use and when? There is evidence to suggest that
the risk of a future cardiovascular event imparted by
the elevation of inflammatory markers, is additive.
Sabatine et al,’! evaluated the results of 2 trials:
TACTICS-TIMI 18 and OPUS-TIMI 16. Both trials
had assessed levels of 3 key biomarkers in patients with
NSTEMI: Troponin I, hs-CRP, and Brain Natriuretic
Peptide. In OPUS-TIMI 16, each biomarker was an
independent predictor of the composite endpoint of
death, MI, or CHF followed through 10 months. The
30-day risk of death increased in proportion to the
number of cardiac biomarkers elevated at baseline
(p=0.014), with a doubling of mortality risk for
each additional elevated biomarker. In a validation
cohort of 1,635 patients in TACTICS-TIMI 18, the
number of elevated biomarkers remained a significant
predictor of the composite endpoint. Some treatment
options work better when specific inflammatory
markers are elevated. An early invasive treatment
strategy strongly reduced 12-month mortality among
patients with elevated IL-6 levels (5.1% absolute
reduction; p=0.004);* the increased of cardiovascular
risk in patients with elevated soluble CD40 ligand
levels is significantly reduced by treatment with the
GP IIb/IIIa inhibitor; abciximab (adjusted HR: 0.37;
0.20 - 0.68; p=0.001).*® Among patients with baseline
hs-CRP =90th percentile, the proportion of recurrent
coronary events prevented by pravastatin was 54%,
compared to only 25% among those with low hs-CRP
levels, despite no difference in baseline lipid profile
measurements.*

In conclusion, vascular inflammation is enhanced
prior to plaque rupture. In ACS the inflammatory
response is systemic. Mediators of vascular
inflammation provide diagnostic and prognostic
information in patients with ACS. Inflammatory
markers may also be able to predict response to
different treatment options.
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