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Abstract

Atherosclerosis is a systemic vascular pathology that is preceded by endothelial dysfunction. Vascular infl ammation promotes 

atherosclerosis and creates the milieu for episodes of intravascular thromboses. Thrombotic events in the coronary vasculature 

may lead to asymptomatic progression of atherosclerosis or could manifest as acute coronary syndromes or even sudden coro-

nary death.  Thrombus encountered in the setting of acute coronary syndromes has been correlated with acute complications 

during  percutaneous coronary interventions such as no-refl ow, acute coronary occlusion and long term complications such as 

stent thrombus. This article reviews the pathophysiology of coronary thrombogenesis and explores the complications associa-

ted with thrombus during coronary interventions.  
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INTRODUCTION

Extensive research in vascular biology over the past 
few decades has substantially advanced our knowled-
ge of the pathophysiology of atherosclerosis and athe-
ro-thrombosis. Th e role of the endothelium in maintai-
ning vascular health and the link between endothelial 
dysfunction and atherosclerosis has been verifi ed. Th e 
systemic nature of endothelial dysfunction leading to 
localized manifestations of atherosclerosis, exacerbated 
by infl ammation is now appreciated. Th e clinical mani-
festations of acute coronary syndromes and chronic is-
chemic coronary artery disease are ultimately a conse-
quence of these processes. Th e evolution of the acute co-
ronary syndromes is particularly related to the develop-
ment of intravascular athero-thrombotic disease invol-
ving the epicardial coronary vasculature. Th e recogni-
tion of these thrombogenic processes and their sequelae 
is essential to the management of these syndromes.

ENDOTHELIUM, ENDOTHELIAL 
DYSFUNCTION AND ATHEROSCLEROSIS

Th e mono-cellular layer of endothelial cells which li-
nes the vascular lumen is critical in maintaining nor-
mal vascular fl ow. Th e endothelium modulates vascular 
fl ow by controlling vasodilator tone and it inhibits pla-
telet aggregation and clotting factor activation by provi-
ding a barrier to the procoagulant sub-endothelial tis-
sue. A healthy endothelium also acts as a barrier to in-
fl ammation and is able to adequately repair itself aft er 
injury. Endothelial dysfunction is manifested by vaso-
constriction, thrombosis, infl ammation and smooth 
muscle proliferation. Atherosclerotic lesions seem to de-
velop under an intact but leaky and dysfunctional en-
dothelium. Many traditional coronary risk factors that 
predispose to atherosclerosis such as hypercholesterole-
mia, hypertension and a positive family history are as-
sociated with endothelial dysfunction.1,2,3 Prospecti-
ve cohort studies have shown endothelial dysfunction 
to independently predict progression of atherosclero-
sis and acute cardiovascular events in patients with and 
without known coronary artery disease.4,5

Ludmer et al. provided the fi rst evidence of endothe-
lial dysfunction in humans6. Th ey showed paradoxi-
cal constriction of the coronary arteries to acetylcho-
line in individuals with mild as well as severe coro-
nary artery disease, suggesting that endothelial dys-
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function is present early in the development of athe-
rosclerosis. Endothelial dysfunction is thought to re-
sult from damaging environmental exposure possibly 
exacerbated by genetic predisposition. Oxidative in-
jury from various metabolic derangements in the lo-
cal environment, physical forces (shear stress) and even 
infectious processes may all contribute to endothelial 
injury. Endothelial dysfunction results in a leaky en-
dothelial lining which allows for passage of pro-athe-
rogenic stimuli into the sub-endothelial space. Later, 
endothelial cells may vanish and denuded areas ap-
pear with exposure of blood to sub-endothelial tissue7. 
Loss of endothelial function leads to reduced local ni-
tric oxide availability along with increased expression 
of prothrombotic factors, chemokines and proinfl am-
matory mediators and reduced number and function 
of endothelial progenitor cells.8 With lower nitric oxi-
de availability there is increased expression of inter-
cellular adhesion molecules by the endothelial cells 
which leads to the binding of monocytes and lympho-
cytes, with subsequent invasion of the vascular wall9. 
Th e complex local interactions surrounding the da-
maged endothelium facilitates further passage of li-
pids and leucocytes into the sub-endothelium. Mono-
cytes transmigrate into the subendothelial space, in-
gest the oxidized lipoproteins and then are transfor-
med into macrophages. Macrophages accumulate oxi-
dized LDL transforming into foam cells. Th ese foam 
cells form the initial lesions leading to advanced athe-
rosclerosis10,11 (Figure 1).

STABLE AND “VULNERABLE” PLAQUES

Foam cells secrete pro-infl ammatory cytokines inclu-
ding growth factors, matrix metalloproteinases and 
tissue factor leading to migration and proliferation of 
smooth muscle cells in the lesions10. Recurrent bouts 
of infl ammation induce further smooth muscle cell 
proliferation and migration into the intima. Th is can 
lead to the transformation into a complex lesion con-
sisting of infl ammatory cells, smooth muscle cells, and 
intracellular and extracellular lipid.11, 12 Neovasculari-

zation of these lesions with immature vasculature may 
lead to hemorrhage within the lesions further increa-
sing plaque size and lipid content.13,14,15,16 Generally, a 
thick layer of smooth muscle cells, collagen and elas-
tin forms a cap that covers the lesion and keeps its con-
tents sequestered from the blood stream. Th ese volu-
minous lesions cause varying degrees of remodeling of 
the vessel wall along with varying degrees of stenosis 
of the intraluminal area. Infl ammation leads to wor-
sening atherosclerosis and thinning of the fi brous cap 
with the potential for subsequent plaque destabiliza-
tion (Figure 2).
Th e balance between cell migration, cell proliferation, 
extracellular matrix formation, infl ammatory leuco-
cyte interaction, and cell apoptosis plays a role in the 
transition from a stable plaque to a potentially high 
risk or so called “vulnerable” plaque. As to which pla-
que is likely to become the site of an intraluminal co-
ronary thrombus and become symptomatic has been 
intensively studied and debated.17 Digestion of the fi -
brous matrix by matrix metallo-proteinases and apop-
tosis of the smooth muscle cells forming the caps may 
lead to weakening and thinning of the fi brous cap. Th e 
death of macrophages by apoptosis and necrosis along 
with plaque hemorrhage from leaky vasa-vasorum con-
tributes to the formation of a soft  and destabilizing li-
pid-rich core within the plaque. Macrophages and T-
cells congregating at sites of fi brous cap disruption in-
dicate their key role in plaque destabilization releasing 
necrotic material into the vessel lumen along with cho-
lesterol crystals. Th e necrotic sub-endothelial mate-
rial along with lipid crystals interacts with platelets in 
the blood leading to coronary thrombus formation. In 
addition, tissue factor that is exposed with plaque dis-
ruption results in activation of the extrinsic coagula-
tion pathway.
Following plaque disruption, the plaque contents 
come in contact with blood. Freely circulating pla-
telets in circulation promptly adhere to the sub-en-
dothelial matrix and damaged endothelial cells. Ad-
hesion of platelets is mediated by the binding of surfa-
ce glycoproteins to endothelial ligands. Platelet surfa-
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ce glycoprotein GP Ib/IX recognizes von-Willebrand 
factor synthesized and stored in endothelial cells. Pla-
telet glycoprotein GPIa/IIa binds collagen present in 
the deeper vessel wall. Following adhesion, activated 
platelets release multiple intermediaries including se-
rotonin, ADP, thromboxane A2, endothelin, free radi-
cals and platelet activating factor which promote fur-
ther platelet aggregation and vasoconstriction. Th ese 
platelet aggregates forming a so called white thrombus 
tend to be unstable and may cause intermittent reduc-
tion in blood fl ow and distal embolization18. Th e coa-
gulation status of blood is a signifi cant determinant of 
the end result of plaque disruption. Rapid activation 
of the coagulation system with fi brin deposition stren-
gthens the platelet aggregates causing persistent obs-
truction to fl ow. Th is along with impaired fl ow dyna-
mics from vasoconstriction leads to pooling of blood 
and formation of fi brin rich red thrombi.19

CLINICAL MANIFESTATIONS OF ATHERO-
THROMBOTIC PROCESSES IN CORONARY 
ARTERIES

Th e atherosclerotic processes involving the vasculatu-
re evolve over many years (Figure 3). Early plaque for-
mation is oft en associated with outward remodeling of 
the vessel. When this adaptive process is exceeded, the 
plaque starts to encroach into the lumen of the vascu-
lature. It is now recognized that thrombosis from pla-
que disruption or erosion of a large plaque that is not 
severely occlusive prior to the event is most oft en the 
immediate cause of acute coronary syndromes, par-
ticularly ST elevation myocardial infarction.20 Pla-
que disruption is found at pathology in 10% of indivi-
duals with atherosclerosis dying of non-cardiac disea-
se. Conversely, thrombi are frequently observed at sites 
other than those of the major culprit lesion in patients 
dying of acute coronary syndromes21. Th us, thrombus 
formation on a plaque may or may not lead to a clini-
cal syndrome. While plaque disruption with throm-
bus formation is thought to be the major pathogene-
tic mechanism for acute coronary syndromes, the vast 

majority of plaque fi ssures are asymptomatic and may 
only contribute to the slow progression of atheroscle-
rotic lesions22. While plaques associated with acute 
myocardial infarction are usually large, expansively re-
modeled and not severely narrowed prior to the clini-
cal event, plaques responsible for stable angina usually 
are smaller but, oft en are associated with more severe 
luminal narrowing because of concomitant constricti-
ve remodeling.23-25

About 70% of cases of acute coronary thrombosis in-
volve a disrupted atherosclerotic plaque and in the re-
maining 30%, there is only superfi cial intimal injury 
at the site of thrombus formation.26 Superfi cial en-
dothelial erosion leading to a clinically evident coro-
nary thrombosis is most commonly seen in women 
and in diabetics with hypertriglyceridemia. While the 
exact mechanism of superfi cial erosion is not clear, it 
is likely that matrix metallo-proteinases in the suben-
dothelium may disrupt the tethering of the endothe-
lial cell to the basal lamina leading to desquamation.27 
Many cases are likely associated with a prothrombo-
tic milieu. Most episodes of endothelial erosion are 
also likely asymptomatic. However erosion may lead 
to non-occlusive thrombus formation followed by hea-
ling. Such repetitive cycles could contribute to slow 
atherosclerotic progression.

Determinants of the clinical syndrome
Apart from the characteristics and volume of the pla-
que content and its location in the coronary tree, it is, 
1- the cellular and humoral components of blood, 2- 
the extent and type of thrombus formation at the site 
of plaque disruption/erosion and 3- myocardial vulne-
rability in the individual that contributes to the extent 
and type of clinical manifestation if any. Th e syndro-
me ultimately developed also depends on factors such 
as the degree and acuteness of obstruction, the dura-
tion of decreased perfusion and the relative myocardial 
oxygen demand as well as the collateral circulation28. 
Angiographic, biochemical, pharmacologic and surgi-
cal data support the role of thrombus formation in pa-
tients presenting with STEMI, NSTEMI and unsta-
ble angina.20,29 When unstable angina is defi ned as the 
new onset of low work load or rest angina or an abrupt 
change in angina that had previously been stable, the 
incidence of fi nding a complex plaque (i.e. an eccentric 
stenosis with overlapping edges, irregular borders, ul-
cerations and/or fi lling defects in the culprit vessel) is 
approximately 70% on angiographic analysis30. In pa-
tients with a short duration of unstable angina or with 
very recent onset of rest pain, the incidence of throm-
bus has been reported to be even higher.31 Coronary 
angioscopy has demonstrated an even higher inciden-
ce of mural thrombus in patients presenting with uns-
table angina.32,33 In unstable angina and non-Q wave 
myocardial infarction (the forerunner of NSTEMI), 
the thrombus is more likely to be non-occlusive than 
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in an evolving Q-wave myocardial infarction or STE-
MI, where the thrombus in the fi rst few hours aft er in-
farction is occlusive in greater than 80%29 (Figure 4). 
Not all patients with unstable angina/NSTEMI ne-
cessarily have plaque disruption/erosion. Type II myo-
cardial infarction related to a supply/demand mis-
match34 accounted for about 30% of all myocardial in-
farction in a prospective study by Javed et al.35

CORONARY THROMBUS AND PCI

Pathological fi ndings of thrombus collected by throm-
bectomy procedures during PCI in the last few years 
corroborate the role of in situ thrombus in acute co-
ronary syndromes. Histopathological analysis of aspi-
rated thrombotic content show erythrocyte-rich (red) 
thrombus in about 35% of patients, predominantly in 
those presenting with low TIMI fl ow. A platelet-rich 
thrombus is identifi ed in 65% of cases, particularly in 
the early hours of acute myocardial infarction36. It has 
also come to light that the composition of thrombus 
is oft en heterogenous. Th e composition of the isola-
ted thrombus oft en shows fresh thrombus along with 
features of organization, and lytic changes in the same 
tissue fragment37. Th e layered composition of clots su-
ggests episodic growth of thrombus for a fi nite inter-
val before the onset of occlusive thrombus and clini-
cal symptomatology. Analysis of electron microsco-
pic images of thrombus obtained from thrombectomy 
procedures shows that formation of the thrombus is 
dynamic and that the composition of the thrombus va-
ries with the ischemia time. Fresh thrombi have a hig-
hest proportion of platelets, whereas the proportion of 
fi brin fi bers increases over time leading to older more 
fi brin rich thrombi38 (Figure 5).
Th e thrombus burden associated with an acute coro-
nary syndrome may vary depending on various fac-
tors, including size of the vessels, duration of occlu-
sion, prothrombotic state etc. Some of the clinical risk 
factors associated with higher thrombus burden inclu-
de hypercholesterolemia, smoking and male gender.39 
In addition, a variety of local factors aff ect the genesis 

and behavior of thrombus generated in situ including 
interaction between platelets, vessel wall, red blood 
cells, plaque gruel and coagulation proteins. Th e be-
havior of thrombus during percutaneous intervention 
may be quite variable and may infl uence the outco-
me of the intervention. Th e extent and duration of fi -
brin polymerization and stabilization in an evolving 
thrombus may contribute to the diff ering behavior of 
thrombus including the tendency for friability during 
catheter or wire maneuvering despite rigid adherence 
to the underlying plaque.
Th e fi brin network in thrombi, when examined by 
electron microscopy shows two distinct types of pat-
terns.40 One pattern consists of dense scaff olding of 
thin fi bers that is resistant to mechanical force and 
thrombolysis as compared to the second pattern con-
sisting of thick loosely packed fi bers that are more sus-
ceptible to thrombolysis. Interactions between plate-
lets, red blood cells, vessel wall, fi brinogen and other 
local chemicals in the local environment in addition to 
the age of the thrombus may all have an impact on the 
fi brin network and thus on the strength and behavior 
of a thrombus. Th e characteristics of the clots as seen 
on angiography correlate with the histology of extrac-
ted thrombus.41,42 Th e slightly altered behavior of co-
ronary thrombus in the setting of tobacco use might 
be explained by diff erences in the fi brin architecture as 
seen by electron microscopy.43

Other factors that can infl uence clot burden and be-
havior include characteristics of the underlying ves-
sel; notably coronary arteries with ectasia, vasculitis 
and aneurysms are more likely to have large thrombi 
due to stasis as do saphenous vein graft s. Late presen-
tation with an established myocardial infarction and 
cardiogenic shock, inadequate anti-coagulant or anti-
platelet therapy and complications related to therapy 
such as HIT may also increase thrombus burden. Th e 
right coronary artery tends to have a larger burden of 
thrombus probably because of proximal propagation 
of thrombus related to fewer branch points. Hypergly-
cemia and leukocytosis may also accentuate thrombo-
sis. During PCI, thrombus growth may be triggered by 
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guidewires, stasis of blood, inadequate antithrombo-
tic/anticoagulant therapy, balloons or stent; the “an-
gry clot” phenomenon.44, 45

Complications of PCI Related to Intracoronary
 Thrombus
Prior to the introduction of stents and methods to 
extract or dissolve thrombus, balloon angioplasty of 
thrombotic lesions posed many procedural diffi  culties 
for the interventionalist including major dissection, 
vasoconstriction, abrupt closure and total occlusion 
with the need for emergent bypass and was associated 
with an increased mortality.46,47 Pre-existing throm-
bus was also shown to increase angiographic resteno-
sis, mainly through early vessel occlusion.48 Pre-exis-
ting thrombus continued to be an independent pre-
dictor of angioplasty failure until the introduction of 
stents. While many of these
procedural complications have been signifi cantly redu-
ced in the stent era, there continue to be adverse com-
plications of intracoronary thrombus during PCI and 
stenting related to embolization, the “no refl ow” pheno-
menon and stent thrombus. Th e limited success of stan-
dard PCI even with stents, in lesions with a large throm-
bus burden despite the illusion of adequate reperfusion 
is clinically relevant and contributes to the no-refl ow 
phenomenon.49 Of note, in some studies the desired gra-
de 3 myocardial blush score was gained only in a mino-
rity of patients in whom TIMI 3 fl ow was established 
with standard PCI at the time of primary PCI.50

Th e fi rst large scale study of the eff ect of thrombus bur-
den during PCI was reported by Harjai et al.51 About 
6% of patients in the study that included 2,148 sub-
jects from PAMI-2, Stent PAMI and PAMI No-Sur-
gery-On-Site trials had angiographically visible throm-
bus aft er PCI. Th e presence of thrombus before PCI 
was independently associated with a higher incidence 
of post-PCI thrombus likely refl ecting a larger throm-
bus burden prior to intervention. Both the throm-
bus burden and thrombus characteristics play a role in 
contributing to the no-refl ow phenomenon. Th e hig-
her thrombus burden can lead to more distal emboli-
zation obstructing fl ow within distal arterial segments 
and microvessels leading to no-refl ow.52 Yip et al. pro-
posed a score to assess thrombus burden on the basis of 
angiographic features (Table 3).53

All of these features were independent predictors of 
no-refl ow in 800 patients undergoing primary PCI. 
Using Yip’s score, Limbruno et al were able to predict 
total debris volume captured by distal fi lter wire in 

patients undergoing PCI for STEMI.54 Patients with 
no-refl ow following PCI for STEMI have also been 
shown to have decreased clot permeability with in-
creased resistance to lysis of thrombus when compa-
red to patients with more normal fl ow.55 Of note, dis-
tal embolization of thrombotic debris oft en occurs af-
ter stent deployment in large coronary vessels, whereas 
in small vessels it is possible that the stent itself might 
fi x the thrombus to the vessel wall.
Patients who develop no-refl ow related to distal embo-
lization sustain larger infarcts leading to poorer outco-
mes56. Distal embolization occurs in upto 15% of pa-
tients undergoing PCI and is associated with as much 
as a seven fold increase in the rate of periprocedural 
MI. In more recent trials with concurrent use of anti-
coagulants and dual antiplatelet therapy the inciden-
ce of distal embolization is approximately 6%.57 Th e-
se complications can be seen more oft en in patient un-
dergoing PCI for acute myocardial infarction.58 In-
dividuals with angiographically evident emboliza-
tion have signifi cantly worse outcomes than patients 
without, as expressed by lower myocardial blush gra-
de (MBG), impaired ST-segment resolution, and hig-
her level of myocardial enzyme leakage.59-64 Th rombus 
embolization also signifi cantly increases the need for 
emergency bypass surgery as well as the procedure-re-
lated death rate.65

No-refl ow in the setting of a large thrombus can be as-
sessed with TIMI fl ow grade and MBG during PCI. 
Clinically it can be suspected by lack of ST segment 
resolution. Noninvasive imaging techniques such as 
myocardial contrast echocardiography and cardiac 
magnetic resonance imaging provide a more accurate 
assessment of myocardial perfusion and hence a bet-
ter assessment of no-refl ow following PCI.66,67 Di-
rect stenting has been suggested as a technique to re-
duce distal embolization, by avoiding balloon-induced 
thrombus fragmentation and entrapment of thrombus 
under the stent struts.68 However, direct stenting is 
feasible only in patients with good distal visualization 
of infarct related artery aft er passage of a guidewire. 
Th rombectomy devices and distal fi lters were develo-

TABLE 1. Factors Associated with Thrombus Behavior.   

Anticoagulant and antiplatelet therapies Infl ammation/Leukocytosis 

Duration of occlusion Plaque contents 

Fibrin architecture Platelet activation 

Gender Tobacco use 

Hypercholesterolemia Vessel size 

Hypercoagulable states 
TABLE 3. Assessment of Thrombus Burden by Angiography.

Thrombus with greatest linear dimension more than three times the re-

ference lumen diameter 

Cutoff  pattern 

Presence of accumulated thrombus (>5mm of linear dimension) proxi-

mal to the occlusion 

Presence of fl oating thrombus proximal to the occlusion 

Persistent contrast medium distal to the obstruction 

Reference lumen diameter of the infarct related artery greater than 4 mm 

TABLE 2. Sequelae of Intracoronary Thrombus During PCI. 

Recurrent Myocardial Infarction Stent Thrombosis 

Due to embolization Early 

From acute closure Late 

No-refl ow 
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ped as approaches to prevent no-refl ow from thrombus 
embolization. Th e negative results in two large trials, 
one involving rheolytic thrombectomy and another in-
volving distal occlusive protection, have tempered the 
adoption of these technologies.69, 70 Th e negative re-
sults in these trials may have been because of poor se-
lection of patients; that is these techniques were used 
indiscriminately in all comers including patients at 
low risk of no-refl ow.
Aspiration thrombectomy was developed as a techni-
que for thrombus extraction following the early di-
sappointing results of rheolytic thrombectomy. A 
more recent report on manual thrombus-aspiration by 
Svilaas et al (TAPAS) was a landmark study. Th e TA-
PAS investigators, studied the sequelae of angiographi-
cally visible distal embolization aft er PCI in patients 
presenting with STEMI.71 Th is open labeled study in-
volved 1071 patients undergoing PCI who were ran-
domized to aspiration thrombectomy versus conven-
tional PCI. Th rombus aspiration resulted in impro-
ved myocardial perfusion, indicated by the myocardial 
blush grade and ST-segment analysis on the 12-lead 
electrocardiogram, compared with conventional PCI. 
A follow up report on this cohort found that a strategy 
of thrombus aspiration before stenting during primary 
PCI resulted in a lower cardiac mortality and a lower 
incidence of the combined endpoint of cardiac death 
or non-fatal reinfarction than normal therapy alone58 
Th us, of the various thrombectomy procedures deve-
loped thus far, manual thrombus aspiration has shown 
a favorable clinical outcome with reduction in inci-
dence of both distal emboli and mortality.72 Based in 
the results of the above and other such trials, throm-
bus extraction devices have been approved for use in 
the most recent focused update of guidelines on mana-
gement of patients with STEMI.73

A recent study by Migliorini et al. reported on the 
use of rheolytic thrombectomy with Angiojet. In this 
multicenter, prospective, RCT, 501 patients with acu-
te myocardial infarction, angiographic evidence of 
thrombus grade 3 to 5, and a reference vessel diame-
ter > 2.5 mm were randomized to direct stenting alo-
ne or direct stenting along with thrombectomy. Th e-
re was no diff erence between the two treatment stra-
tegies with respect to the coprimary end points of ST-
segment elevation resolution and scintigraphic infarct 
size. Nevertheless in terms of clinical outcomes, signi-
fi cant diff erences were observed in favor of the mecha-
nical thrmobectomy arm regarding the composite of 
major adverse events at 6 and 12 months adding new 
arguments in support of rheolytic thrombectomy.74

It will be relevant to re-emphasize that the benefi t of 
any thrombectomy procedure during primary PCI is 
likely dependent on the thrombus burden as suppor-
ted by the fi ndings of the REMEDIA trial. Th e RE-
MEDIA (Randomized Evaluation of the Eff ect of Me-
chanical Reduction of Distal Embolization by Th rom-

bus-Aspiration in Primary and Rescue Angioplasty) 
trial, which was the fi rst randomized trial to assess the 
role of thrombectomy performed with a simple ma-
nual aspiration catheter, as compared with conventio-
nal PCI showed better myocardial perfusion indices as 
compared with standard primary PCI.75 Th is benefi t 
was particularly noted in subjects with higher throm-
bus burden emphasizing the importance of proper pa-
tient selection in the use of these techniques.

Stent thrombosis
Th e etiology of stent thrombosis is multifactorial, and 
includes stent thrombogenicity, in addition to pro-
cedure related, lesion related, and patient-related fac-
tors.76 Randomized trials of BMS implantation during 
elective PCI have reported stent thrombosis rate of 0.4 
to 1.3%.77,78 Results from a pooled analysis of 10 ran-
domized controlled trials of elective PCI reported si-
milar rates of stent thrombosis between BMS and DES 
of around 0.6%; but most studies indicate a higher rate 
of very late stent thrombosis with DES compared to 
BMS, particularly for the fi rst generation DES.79-82 
Stent underexpansion, malapposition, residual dissec-
tions, and infl ow/outfl ow disease have been well esta-
blished by intravascular ultrasound as mechanical cau-
ses related to early stent thrombosis for both BMS and 
DES.83-86 However, by and far premature discontinua-
tion of dual anti-platelet therapy remains the most fre-
quent but not the only cause of stent thrombosis.87

Apart from mechanical factors related to the stents, 
there are other variables including alterations in the 
coagulation cascade and response to pharmacothera-
py that may infl uence the behavior of thrombus du-
ring PCI, particularly in the setting of STEMI. Acu-
te coronary syndromes by their very evolution have in-
tracoronary thrombus and have been associated with 
higher rates of stent thrombosis following PCI. In the 
TYPHOON (Trial to Assess the Use of the Cypher 
Stent in Acute Myocardial Infarction Treated With 
Angioplasty) trial, which randomized STEMI pa-
tients to SES or BMS, the angiographic stent throm-
bosis rate was 2.0% and 3.4%, respectively, at 1 year.88 
Clearly inadequate anticoagulation and antiplate-
let therapy during PCI is associated with increased 
thrombus burden during PCI and consequent stent 
thrombosis. An impaired response to antiplatelet the-
rapy may also predispose to a large thrombus burden 
and consequent stent thrombus, particularly in the 
setting of ACS.89,90 Th e impaired response may be in 
the form of resistance to either aspirin, clopidogrel or 
side eff ects of medications such as in the case of hepa-
rin- induced thrombocytopenia.
Along with other causes, the presence of thrombus has 
been identifi ed as a factor predisposing to stent throm-
bosis.76 Th rombus that is compressed against the ves-
sel wall and or displaced by stent struts during primary 
PCI may cause problems in the long term due to reso-
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lution of thrombus leaving behind a malapposed stent. 
Th us a larger thrombotic burden during PCI may in-
crease the risk of sent thrombosis due to late malappo-
sition. Th is was shown by Sianos et al in a retrospecti-
ve cohort of 812 consecutive patients presenting with 
STEMI who had primary PCI with use of a drug elu-
ting stent.91 A large thrombus burden was a fundamen-
tal factor for adverse clinical outcomes including increa-
sed 30 day mortality, with high rates of infarct-related 
stent thrombosis accounting for majority of the post-30-
days MACE rate. Large thrombus burden in that stu-
dy was defi ned as a fi lling defect whose length was grea-
ter than or equal to twice the vessel diameter. In pa-
tients with total occlusion of the infarct artery, reperfu-
sion was established with a wire or small balloon befo-
re thrombus burden was assessed; this was an important 
aspect of the methodology since a simple classifi cation 
based on TIMI fl ow would have excluded a majority of 
the subjects who would have presented with TIMI fl ow 
of zero. Th e authors found that the risk of subsequent 
stent thrombosis aft er primary PCI with stenting can be 
dramatically reduced with rheolytic thrombectomy.
In summary intra-coronary thrombogenesis is a dyna-
mic process and the thrombus burden in the coronary 
vasculature during an acute coronary event is variable. 
Th e factors that infl uence the burden and behavior of 
the thrombus are complex. Elaboration of these pro-
cesses has led to the recognition and improved antici-
pation of their consequences.

CONCLUSION

Endothelial dysfunction and atherosclerosis set the 
stage for coronary artery disease. Acute clinical mani-
festations occur from destabilization of atherosclerotic 
plaques within the coronary vessels, most oft en secon-
dary to intraluminal thrombus formation. Apprecia-
ting the role of thrombus formation in ACS has lead 
to a signifi cant evolution in the management of these 
challenging patients. Th rombus during percutaneous 
intervention poses a formidable challenge for the in-

terventionalist both in terms of dealing with the possi-
bility of embolization and no-refl ow in the acute situa-
tion and stent thrombus acutely and in the long term. 
Th ough thrombus may be detected by various imaging 
modalities including angiography, ultrasound, and 
OCT, angiographic techniques have been standardi-
zed and still remain the initial modality that is routi-
nely used for decision making during PCI especially in 
the setting of STEMI and other NSTEACS. Several 
techniques both pharmacologic and mechanical have 
been developed to deal with intra-coronary throm-
bus. A general understanding of the processes involved 
in athero-thrombosis and its treatment is essential in 
maximizing patient outcomes.

RESUMEN EN ESPAÑOL 

Trombosis coronaria: fi siopatología 
y sus consecuencias
La aterosclerosis es una enfermedad vascular sistémica 
que es precedida de la disfunción del endotelio de los 
vasos arteriales. La infl amación vascular promueve la 
enfermedad aterosclerótica y es la base para el desarro-
llo de trombosis intravascular.
Los eventos trombóticos en el árbol arterial corona-
rio pueden conducir a la progresión asintomática de la 
aterosclerosis coronaria o manifestarse también como 
un síndrome coronario agudo y/o episodios de muer-
te súbita. Estos episodios de trombosis coronaria du-
rante  los síndromes coronarios agudos también se pue-
den correlacionar con las complicaciones trombóticas 
registradas durante procedimientos de angioplastia co-
ronaria como:  el no-refl ujo, la oclusión coronaria agu-
da y la trombosis del stent tanto temprana como tardía.
Este artículo revisa las diferentes fi siopatologías de la 
trombosis coronaria, las complicaciones trombóti-
cas de los procedimientos percutáneos coronarios así 
como su posible prevención y tratamiento. 

Palabras clave: trombo coronario, intervención percutá-
nea, disfunción endotelial, aterosclerosis.
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