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Pathophysiology of ST
The mechanisms of stent thrombosis in DES have been 
thoroughly investigated by clinical and autopsy studies7. 
The pathophysiology of ST includes stent-, procedure- and 
patient-related factors (Table 3). After both BMS and DES 
implantation, procedural and technical factors play a major 
role in determining the occurrence of acute and subacute ST, 
whereas delayed thrombotic events seem to be influenced 
largely by the degree of endothelial coverage and intensity 
of antiplatelet therapy25. Risk of ST is directly related to the 
acuity of the index clinical syndrome preceding stenting26. 
Patients presenting with an acute coronary syndrome (ACS) 
have a several-fold increased risk for ST regardless of stent 
type compared with patients with stable symptoms27,28.

In early phase (i.e. < 30 days), procedural and technical 
factors are most likely responsible for stent thrombosis such 
as underexpansion, dissection at the stent edge, plaque 
rupture in the residual atherosclerotic lesion, residual target 
lesion thrombus, stasis, medial fracture or a combination of 
these7,29. Since these complications are procedure related, 
the pathologic findings in early stent thrombosis are similar 
between various stents including BMS7. 

In the ‘‘late’’ phase (1—12 months), most stent thrombosis 
occurs because of ‘‘delayed arterial healing’’ that is        
characterized by uncovered stent struts and fibrin deposition 
and/or inadequate neointimal coverage7,24. Arterial healing 
takes at most 3 months for BMS to be covered by endothelium, 
on the other hand, DES takes longer to biologically recover 
which leads to ‘‘delayed arterial healing’’7. Presence of 
lipid-rich plaques abundant in tissue factor within the vessel 
wall might predispose to late ST30. The majority of very late 
stent thrombosis is likely associated with abnormal vascular 
response such as hypersensitivity reaction, excessive fibrin 
deposit, or neoatherosclerosis7. 

In summary, delayed healing and impaired endothelialization 
are common features of most cases of late and very late ST, 
which either alone or in combination with chronic inflam-
mation and hypersensitivity reactions, incomplete stent 
apposition resulting from positive arterial remodeling or 
stent underexpansion, and penetration of the stent into a 
necrotic core leads to this adverse event31. Therefore, 
although the incidence of stent thrombosis following DES 
implantation is similar in each period, the underlying       
mechanisms of this complication may vary (i.e. early, late, 
and very late) (Fig. 1)7.

Figure 1:  The timing and mechanisms of stent thrombosis in 
the drug-eluting stent (DES) era.

Clinical features 
In the BMS era, ST usually presented acutely or subacutely, 
before neointimal formation26. Ten to 30% of patients 
presenting with definite stent thrombosis will die in            
hospital32-36. Stent thrombosis can lead to unexplained 
sudden deaths5. Nonfatal acute MI is the most frequent 
clinical presentation of stent thrombosis (70-80% of 
cases)8,32,36. ST is a relatively rare cause of STEMI and 
accounted for 3.6%-4.4% of the primary PCI for STEMI10,37. 
In a registry of patients who underwent DES                           
implantation with 9-month follow-up38, 24% of ST cases 
presented as death, 60% as nonfatal MI, and 7% as unstable 
angina. ST may be responsible for late complications of MI, 
including heart failure, arrhythmias, or mechanical         
complications31.

Management 
ST constitutes an emergency, be it early, late, or very late, 
just like any acute MI. Thus the principal objective must be 
to obtain early effective reperfusion. According to the 
current guidelines, the preferred treatment should be         
primary PCI, the goal being to mechanically recanalize the 
thrombosed stent39. Compared with patients with de novo 
STEMI, primary PCI was less effective in the recanalization 
of the infarct related artery of patients with STEMI due to 
ST37. Procedural success rate of primary PCI due to ST vary 
in literature from 76% to 96%37,40-42. The thrombus quality in 
patients with a stent thrombosis differs from that in patients 
presenting with a usual acute MI5. Experimental studies and 
data from human autopsy studies43 have shown that in the 
case of stent thrombosis, the thrombus is almost totally 
composed of platelets and contains very little fibrin. The 
low rate of fibrin may explain the poor efficacy of thrombol-
ysis to obtain effective reperfusion in this setting5. Although 
data on outcomes after ST are limited, the high thrombus 
burden of patients with ST would suggest that aspiration 
thrombectomy might improve short- and possibly long-term 
outcomes8. The most important point is to obtain an             
effective reperfusion, with TIMI flow grade 3, as quickly as 
possible.

Figure 2 A-C: late stent thrombosis-A) Total occlusion of 
left anterior descending artery; B) Plain old balloon              
angioplasty and C) Good final result.    

Aggressive, high-pressure balloon dilation should be used to 
correct underlying, stent-related, predisposing mechanical 
problems39. Liberal use of intracoronary imaging in order to 
detect and modify underlying mechanical factors is 

The ARC consensus recommends temporal categories of 
early (0 to 30 days), late (31 days to 1 year), and very late 
(>1 year) to distinguish likely differences in the contribution 
of the various pathophysiological processes during each of 
these intervals.

Incidence
The initial experience with the self-expanding Wallstent 
was overshadowed by unacceptably high rates of stent 
thrombosis, approaching 24%, as well as bleeding compli-
cations11. Subsequent series with the Palmaz-Schatz and 
Gianturco-Roubin stent, still mainly in the setting of bailout 
stenting, continued to result in stent thrombosis in 6% to 
12% of cases12,13. The advent of dual antiplatelet therapy 
with aspirin and the thienopyridine ticlopidine in concert 
with an expansion of the indication of coronary stenting 
from bailout procedures to elective cases resulted in a 
significant reduction of stent thrombosis, to <2%, as well as 
fewer bleeding complications14,15. Moreover, recognition of 
the importance of stent implantation technique,6 appropriate 
pretreatment and loading with thienopyridines, and the use 
of glycoprotein IIb/IIIa antagonists in the setting of acute 
coronary syndromes led to a further decline in stent       
thrombosis16.

To date, no difference has been found between DES and 
BMS in terms of early stent thrombosis17-19; and as for BMS, 
the rate of early stent thrombosis after DES implantation is 
approximately 1%. Early stent thrombosis rates for elective 
PCI in stable coronary artery disease patients ranges from 
0.3% to 0.5%, but stenting for acute coronary syndromes 
demonstrated early stent thrombosis rates as high as 3.4% 
and 1.4% for ST-elevation myocardial infarction (STEMI) 
and non–ST-elevation myocardial infarction (NSTEMI), 
respectively20,21. In comparison to the bare metal stent era, 
early stent thrombosis with drug-eluting stents represents a 
risk continuum largely determined by the clinical setting, 
ranging from low risk in patients with stable coronary artery 
disease, to intermediate risk in patients with acute coronary 
syndromes, and extending to high risk in patients with 
STEMI (Table 2).

According to recent studies and meta-analyses, the 
incidence of late stent thrombosis seems to be similar for 
DES and BMS, at around 0.5%18,19.
The incidence of very late stent thrombosis is, today, still 
poorly described and authors disagree about the potential 
increased risk of very late stent thrombosis after DES 
implantation. Several authors have reported an incidence of 
very late stent thrombosis between 0.4 and 0.6% per year 
after DES implantation22,23.

Predictors of ST
The mechanisms of stent thrombosis are multi-factorial. 
Predictors of ST24 may be categorized into those related to 
the: 1) stent; 2) patient; 3) procedure; and 4) type and 
duration of antiplatelet therapy (Table 3).
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Introduction
Drug-eluting stents (DES) were introduced into clinical 
practice in order to reduce the rates of restenosis observed 
with bare metal stents (BMS) in the treatment of coronary 
artery disease1-3. However, despite the promising results, 
some concerns were raised regarding the potential increased 
risk of late and very late stent thrombosis (ST) following 
DES implantation4. Stent thrombosis remain a major pitfall 
of stent implantation with first generation stents, leading to 
high rates of death and nonfatal myocardial infarction (MI)5. 

In 20076 a standardized definition of stent thrombosis was 
established to provide consistency in the reporting of this 
complication and to enable accurate and reliable data to be 
described for both types of stents: bare metal and drug 
eluting. Although the incidence of stent thrombosis             
following DES implantation is similar in each period, the 
underlying mechanisms of this complication may vary7. ST 
is a multifactorial problem related to patient, lesion, and 
procedural factors and to the coagulation system and 
response to antiplatelet therapy. Early, late, and very late ST 
may differ in clinical presentation, management, and in- 
hospital outcomes8. 

Compared to bare-metal stents, first-generation DES 
(G1-DES) has dramatically reduced the rates of in-stent 

restenosis and subsequent target lesion revascularization9. 
However, major safety concerns surrounding ST emerged 
with G1-DES in clinical practice as a result of the high 
incidences of death, myocardial infarction, and repeat  
revascularization associated with ST9. To overcome these 
limitations, second-generation DES (G2-DES) has been 
developed with an improved stent platform with thinner 
strut and biocompatible durable or biodegradable 
polymers9. Indeed, G2-DES, when compared with G1-DES, 
has improved clinical outcomes by reducing the risk of late 
thrombotic events while maintaining anti- restenotic effica-
cy, whereas ST still occurs, even with the use of G2-DES 
but at lower rate9. The staggering high rate of mortality and 
morbidity associated with ST, even when treated by primary 
PCI in high volume centres, calls for action in order to 
prevent its occurrence and further improve its treatment10. 
The purpose of this review is to highlight the definition, 
incidence, predictors, clinical features, treatment, prognosis 
and prevention of stent thrombosis.  

Definition
The lack of consensus on the definition of stent thrombosis 
among clinical trials has led to disparities in reports of stent 
thrombosis and, in particular, has prevented comparison of 
stent thrombosis rates between studies. To address this 
issue, the ARC definition of stent thrombosis was                
established6 incorporating timing as well as diagnostic 
certainty (Table 1).
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Abstract
Stent thrombosis (ST) is the complete occlusion of a coronary vessel at the site of a previously implanted stent. Stent 
thrombosis is an infrequent but very severe complication of both BMS and DES. This situation usu¬ally results in 
ST-elevation myocardial infarction (STEMI) with very poor prognosis. ST is a multifactorial problem that is related to 
patient, lesion, and procedural factors as well as to the coagulation system and response to antiplatelet therapy. Acute ST may 
be the result of technical factors. The solution of this problem is optimal stent deployment strategies. Late ST appears to be 
multifactorial in its etiology and thus requires a multifaceted solution. Although infrequent in occurrence, the consequences 
of late ST are frequently catastrophic. An early invasive strategy by urgent re-PCI represents the most adopted strategy to 
manage patients presenting with ST. Specific patient- and target lesion-related as well as procedural factors which predispose 
to drug-eluting ST have been identified and must be kept in mind. Similarly, vigilance in maintenance of dual antiplatelet 
therapy is mandatory. We present an extensive review of the recent literature regarding ST.
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Pathophysiology of ST
The mechanisms of stent thrombosis in DES have been 
thoroughly investigated by clinical and autopsy studies7. 
The pathophysiology of ST includes stent-, procedure- and 
patient-related factors (Table 3). After both BMS and DES 
implantation, procedural and technical factors play a major 
role in determining the occurrence of acute and subacute ST, 
whereas delayed thrombotic events seem to be influenced 
largely by the degree of endothelial coverage and intensity 
of antiplatelet therapy25. Risk of ST is directly related to the 
acuity of the index clinical syndrome preceding stenting26. 
Patients presenting with an acute coronary syndrome (ACS) 
have a several-fold increased risk for ST regardless of stent 
type compared with patients with stable symptoms27,28.

In early phase (i.e. < 30 days), procedural and technical 
factors are most likely responsible for stent thrombosis such 
as underexpansion, dissection at the stent edge, plaque 
rupture in the residual atherosclerotic lesion, residual target 
lesion thrombus, stasis, medial fracture or a combination of 
these7,29. Since these complications are procedure related, 
the pathologic findings in early stent thrombosis are similar 
between various stents including BMS7. 

In the ‘‘late’’ phase (1—12 months), most stent thrombosis 
occurs because of ‘‘delayed arterial healing’’ that is        
characterized by uncovered stent struts and fibrin deposition 
and/or inadequate neointimal coverage7,24. Arterial healing 
takes at most 3 months for BMS to be covered by endothelium, 
on the other hand, DES takes longer to biologically recover 
which leads to ‘‘delayed arterial healing’’7. Presence of 
lipid-rich plaques abundant in tissue factor within the vessel 
wall might predispose to late ST30. The majority of very late 
stent thrombosis is likely associated with abnormal vascular 
response such as hypersensitivity reaction, excessive fibrin 
deposit, or neoatherosclerosis7. 

In summary, delayed healing and impaired endothelialization 
are common features of most cases of late and very late ST, 
which either alone or in combination with chronic inflam-
mation and hypersensitivity reactions, incomplete stent 
apposition resulting from positive arterial remodeling or 
stent underexpansion, and penetration of the stent into a 
necrotic core leads to this adverse event31. Therefore, 
although the incidence of stent thrombosis following DES 
implantation is similar in each period, the underlying       
mechanisms of this complication may vary (i.e. early, late, 
and very late) (Fig. 1)7.

Figure 1:  The timing and mechanisms of stent thrombosis in 
the drug-eluting stent (DES) era.

Clinical features 
In the BMS era, ST usually presented acutely or subacutely, 
before neointimal formation26. Ten to 30% of patients 
presenting with definite stent thrombosis will die in            
hospital32-36. Stent thrombosis can lead to unexplained 
sudden deaths5. Nonfatal acute MI is the most frequent 
clinical presentation of stent thrombosis (70-80% of 
cases)8,32,36. ST is a relatively rare cause of STEMI and 
accounted for 3.6%-4.4% of the primary PCI for STEMI10,37. 
In a registry of patients who underwent DES                           
implantation with 9-month follow-up38, 24% of ST cases 
presented as death, 60% as nonfatal MI, and 7% as unstable 
angina. ST may be responsible for late complications of MI, 
including heart failure, arrhythmias, or mechanical         
complications31.

Management 
ST constitutes an emergency, be it early, late, or very late, 
just like any acute MI. Thus the principal objective must be 
to obtain early effective reperfusion. According to the 
current guidelines, the preferred treatment should be         
primary PCI, the goal being to mechanically recanalize the 
thrombosed stent39. Compared with patients with de novo 
STEMI, primary PCI was less effective in the recanalization 
of the infarct related artery of patients with STEMI due to 
ST37. Procedural success rate of primary PCI due to ST vary 
in literature from 76% to 96%37,40-42. The thrombus quality in 
patients with a stent thrombosis differs from that in patients 
presenting with a usual acute MI5. Experimental studies and 
data from human autopsy studies43 have shown that in the 
case of stent thrombosis, the thrombus is almost totally 
composed of platelets and contains very little fibrin. The 
low rate of fibrin may explain the poor efficacy of thrombol-
ysis to obtain effective reperfusion in this setting5. Although 
data on outcomes after ST are limited, the high thrombus 
burden of patients with ST would suggest that aspiration 
thrombectomy might improve short- and possibly long-term 
outcomes8. The most important point is to obtain an             
effective reperfusion, with TIMI flow grade 3, as quickly as 
possible.

Figure 2 A-C: late stent thrombosis-A) Total occlusion of 
left anterior descending artery; B) Plain old balloon              
angioplasty and C) Good final result.    

Aggressive, high-pressure balloon dilation should be used to 
correct underlying, stent-related, predisposing mechanical 
problems39. Liberal use of intracoronary imaging in order to 
detect and modify underlying mechanical factors is 

The ARC consensus recommends temporal categories of 
early (0 to 30 days), late (31 days to 1 year), and very late 
(>1 year) to distinguish likely differences in the contribution 
of the various pathophysiological processes during each of 
these intervals.

Incidence
The initial experience with the self-expanding Wallstent 
was overshadowed by unacceptably high rates of stent 
thrombosis, approaching 24%, as well as bleeding compli-
cations11. Subsequent series with the Palmaz-Schatz and 
Gianturco-Roubin stent, still mainly in the setting of bailout 
stenting, continued to result in stent thrombosis in 6% to 
12% of cases12,13. The advent of dual antiplatelet therapy 
with aspirin and the thienopyridine ticlopidine in concert 
with an expansion of the indication of coronary stenting 
from bailout procedures to elective cases resulted in a 
significant reduction of stent thrombosis, to <2%, as well as 
fewer bleeding complications14,15. Moreover, recognition of 
the importance of stent implantation technique,6 appropriate 
pretreatment and loading with thienopyridines, and the use 
of glycoprotein IIb/IIIa antagonists in the setting of acute 
coronary syndromes led to a further decline in stent       
thrombosis16.

To date, no difference has been found between DES and 
BMS in terms of early stent thrombosis17-19; and as for BMS, 
the rate of early stent thrombosis after DES implantation is 
approximately 1%. Early stent thrombosis rates for elective 
PCI in stable coronary artery disease patients ranges from 
0.3% to 0.5%, but stenting for acute coronary syndromes 
demonstrated early stent thrombosis rates as high as 3.4% 
and 1.4% for ST-elevation myocardial infarction (STEMI) 
and non–ST-elevation myocardial infarction (NSTEMI), 
respectively20,21. In comparison to the bare metal stent era, 
early stent thrombosis with drug-eluting stents represents a 
risk continuum largely determined by the clinical setting, 
ranging from low risk in patients with stable coronary artery 
disease, to intermediate risk in patients with acute coronary 
syndromes, and extending to high risk in patients with 
STEMI (Table 2).

According to recent studies and meta-analyses, the 
incidence of late stent thrombosis seems to be similar for 
DES and BMS, at around 0.5%18,19.
The incidence of very late stent thrombosis is, today, still 
poorly described and authors disagree about the potential 
increased risk of very late stent thrombosis after DES 
implantation. Several authors have reported an incidence of 
very late stent thrombosis between 0.4 and 0.6% per year 
after DES implantation22,23.

Predictors of ST
The mechanisms of stent thrombosis are multi-factorial. 
Predictors of ST24 may be categorized into those related to 
the: 1) stent; 2) patient; 3) procedure; and 4) type and 
duration of antiplatelet therapy (Table 3).
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Introduction
Drug-eluting stents (DES) were introduced into clinical 
practice in order to reduce the rates of restenosis observed 
with bare metal stents (BMS) in the treatment of coronary 
artery disease1-3. However, despite the promising results, 
some concerns were raised regarding the potential increased 
risk of late and very late stent thrombosis (ST) following 
DES implantation4. Stent thrombosis remain a major pitfall 
of stent implantation with first generation stents, leading to 
high rates of death and nonfatal myocardial infarction (MI)5. 

In 20076 a standardized definition of stent thrombosis was 
established to provide consistency in the reporting of this 
complication and to enable accurate and reliable data to be 
described for both types of stents: bare metal and drug 
eluting. Although the incidence of stent thrombosis             
following DES implantation is similar in each period, the 
underlying mechanisms of this complication may vary7. ST 
is a multifactorial problem related to patient, lesion, and 
procedural factors and to the coagulation system and 
response to antiplatelet therapy. Early, late, and very late ST 
may differ in clinical presentation, management, and in- 
hospital outcomes8. 

Compared to bare-metal stents, first-generation DES 
(G1-DES) has dramatically reduced the rates of in-stent 

restenosis and subsequent target lesion revascularization9. 
However, major safety concerns surrounding ST emerged 
with G1-DES in clinical practice as a result of the high 
incidences of death, myocardial infarction, and repeat  
revascularization associated with ST9. To overcome these 
limitations, second-generation DES (G2-DES) has been 
developed with an improved stent platform with thinner 
strut and biocompatible durable or biodegradable 
polymers9. Indeed, G2-DES, when compared with G1-DES, 
has improved clinical outcomes by reducing the risk of late 
thrombotic events while maintaining anti- restenotic effica-
cy, whereas ST still occurs, even with the use of G2-DES 
but at lower rate9. The staggering high rate of mortality and 
morbidity associated with ST, even when treated by primary 
PCI in high volume centres, calls for action in order to 
prevent its occurrence and further improve its treatment10. 
The purpose of this review is to highlight the definition, 
incidence, predictors, clinical features, treatment, prognosis 
and prevention of stent thrombosis.  

Definition
The lack of consensus on the definition of stent thrombosis 
among clinical trials has led to disparities in reports of stent 
thrombosis and, in particular, has prevented comparison of 
stent thrombosis rates between studies. To address this 
issue, the ARC definition of stent thrombosis was                
established6 incorporating timing as well as diagnostic 
certainty (Table 1).

Table 1: Academic Research Consortium (ARC) Definition of Stent Thrombosis (ST) 

Term Definition 

“Definite” ST The highest level of certainty 
Either angiographic or post-mortem evidence of thrombotic 
stent occlusion 

“Probable” ST Any unexpected death within 30 days of stent implantation, 
or any myocardial infarction in the territory of the 
implanted stent irrespective of time 

“Possible” ST Any unexplained death beyond 30 days until the end of 
follow-up 

Stent Thrombosis  Timing 
Early ST ST occurring in the first 30 days after stent implantation 
     i) Acute stent thrombosis 0 to 24 hours after stent implantation 
     ii) Subacute stent thrombosis >24 hours to 30 days after stent implantation 
Late ST ST occurring between 1 month and 1 yr after stent 

implantation 
Very late ST ST occurring beyond 1 yr 
*Acute or subacute can also be replaced by the term early stent thrombosis. 

Table 2: Risk of Early Stent Thrombosis According to Clinical Presentation [16]. 

 Stable Angina UA/NSTEMI STEMI 
Bare-metal stents, % 0–0.5 1.4–1.6 0–2.9 
Drug-eluting stents, % 0.3–0.4 1.2–1.9 0–3.1 
UA: Unstable Angina; STEMI: ST Segment Elevation Myocardial Infarction; NSTEMI: 
Non–ST Segment Elevation Myocardial Infarction. 

Table 3: Predictors of ST4,5,24 
 Precipitant of Stent Thrombosis 
Stent factors Hypersensitivity to drug coating or 

polymer 
Incomplete endothelialization (mainly for 
1st generation stent) 
Stent design 
Covered stents  

Patient factors PCI for acute coronary syndrome/ST-
segment elevation MI 
Diabetes mellitus 
Chronic kidney disease 
Current smoker 
Advanced age 
Impaired left ventricular function 
Premature cessation of dual antiplatelet 
therapy (DAPT)  
Aspirin nonresponsiveness 
Clopidogrel nonresponsiveness 
Glycoprotein IIb/IIIa inhibitors 
Prior brachytherapy 
Malignancy 
Saphenous vein graft disease 

Lesion 
characteristics 

Lesion/stent length 
Vessel/stent diameter 
Complex lesions (bifurcation lesions, 
chronic total occlusions) 
Saphenous vein graft target lesion 
Stasis 

Procedural factors Stent underexpansion 
Stent malapposition 
Edge dissection 
Stent deployment in necrotic core 
Residual thrombus 
Strut fracture 
Multiple stent implantation and stent 
overlap 
Geographic miss and residual stenosis 
Reduced TIMI flow alter procedure 

MI: Myocardial Infarction; PCI: Percutaneous Coronary 
Intervention; ST: Stent Thrombosis; TIMI: Thrombolysis In 
Myocardial Infarction 
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Pathophysiology of ST
The mechanisms of stent thrombosis in DES have been 
thoroughly investigated by clinical and autopsy studies7. 
The pathophysiology of ST includes stent-, procedure- and 
patient-related factors (Table 3). After both BMS and DES 
implantation, procedural and technical factors play a major 
role in determining the occurrence of acute and subacute ST, 
whereas delayed thrombotic events seem to be influenced 
largely by the degree of endothelial coverage and intensity 
of antiplatelet therapy25. Risk of ST is directly related to the 
acuity of the index clinical syndrome preceding stenting26. 
Patients presenting with an acute coronary syndrome (ACS) 
have a several-fold increased risk for ST regardless of stent 
type compared with patients with stable symptoms27,28.

In early phase (i.e. < 30 days), procedural and technical 
factors are most likely responsible for stent thrombosis such 
as underexpansion, dissection at the stent edge, plaque 
rupture in the residual atherosclerotic lesion, residual target 
lesion thrombus, stasis, medial fracture or a combination of 
these7,29. Since these complications are procedure related, 
the pathologic findings in early stent thrombosis are similar 
between various stents including BMS7. 

In the ‘‘late’’ phase (1—12 months), most stent thrombosis 
occurs because of ‘‘delayed arterial healing’’ that is        
characterized by uncovered stent struts and fibrin deposition 
and/or inadequate neointimal coverage7,24. Arterial healing 
takes at most 3 months for BMS to be covered by endothelium, 
on the other hand, DES takes longer to biologically recover 
which leads to ‘‘delayed arterial healing’’7. Presence of 
lipid-rich plaques abundant in tissue factor within the vessel 
wall might predispose to late ST30. The majority of very late 
stent thrombosis is likely associated with abnormal vascular 
response such as hypersensitivity reaction, excessive fibrin 
deposit, or neoatherosclerosis7. 

In summary, delayed healing and impaired endothelialization 
are common features of most cases of late and very late ST, 
which either alone or in combination with chronic inflam-
mation and hypersensitivity reactions, incomplete stent 
apposition resulting from positive arterial remodeling or 
stent underexpansion, and penetration of the stent into a 
necrotic core leads to this adverse event31. Therefore, 
although the incidence of stent thrombosis following DES 
implantation is similar in each period, the underlying       
mechanisms of this complication may vary (i.e. early, late, 
and very late) (Fig. 1)7.

Figure 1:  The timing and mechanisms of stent thrombosis in 
the drug-eluting stent (DES) era.

Clinical features 
In the BMS era, ST usually presented acutely or subacutely, 
before neointimal formation26. Ten to 30% of patients 
presenting with definite stent thrombosis will die in            
hospital32-36. Stent thrombosis can lead to unexplained 
sudden deaths5. Nonfatal acute MI is the most frequent 
clinical presentation of stent thrombosis (70-80% of 
cases)8,32,36. ST is a relatively rare cause of STEMI and 
accounted for 3.6%-4.4% of the primary PCI for STEMI10,37. 
In a registry of patients who underwent DES                           
implantation with 9-month follow-up38, 24% of ST cases 
presented as death, 60% as nonfatal MI, and 7% as unstable 
angina. ST may be responsible for late complications of MI, 
including heart failure, arrhythmias, or mechanical         
complications31.

Management 
ST constitutes an emergency, be it early, late, or very late, 
just like any acute MI. Thus the principal objective must be 
to obtain early effective reperfusion. According to the 
current guidelines, the preferred treatment should be         
primary PCI, the goal being to mechanically recanalize the 
thrombosed stent39. Compared with patients with de novo 
STEMI, primary PCI was less effective in the recanalization 
of the infarct related artery of patients with STEMI due to 
ST37. Procedural success rate of primary PCI due to ST vary 
in literature from 76% to 96%37,40-42. The thrombus quality in 
patients with a stent thrombosis differs from that in patients 
presenting with a usual acute MI5. Experimental studies and 
data from human autopsy studies43 have shown that in the 
case of stent thrombosis, the thrombus is almost totally 
composed of platelets and contains very little fibrin. The 
low rate of fibrin may explain the poor efficacy of thrombol-
ysis to obtain effective reperfusion in this setting5. Although 
data on outcomes after ST are limited, the high thrombus 
burden of patients with ST would suggest that aspiration 
thrombectomy might improve short- and possibly long-term 
outcomes8. The most important point is to obtain an             
effective reperfusion, with TIMI flow grade 3, as quickly as 
possible.

Figure 2 A-C: late stent thrombosis-A) Total occlusion of 
left anterior descending artery; B) Plain old balloon              
angioplasty and C) Good final result.    

Aggressive, high-pressure balloon dilation should be used to 
correct underlying, stent-related, predisposing mechanical 
problems39. Liberal use of intracoronary imaging in order to 
detect and modify underlying mechanical factors is 
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The ARC consensus recommends temporal categories of 
early (0 to 30 days), late (31 days to 1 year), and very late 
(>1 year) to distinguish likely differences in the contribution 
of the various pathophysiological processes during each of 
these intervals.

Incidence
The initial experience with the self-expanding Wallstent 
was overshadowed by unacceptably high rates of stent 
thrombosis, approaching 24%, as well as bleeding compli-
cations11. Subsequent series with the Palmaz-Schatz and 
Gianturco-Roubin stent, still mainly in the setting of bailout 
stenting, continued to result in stent thrombosis in 6% to 
12% of cases12,13. The advent of dual antiplatelet therapy 
with aspirin and the thienopyridine ticlopidine in concert 
with an expansion of the indication of coronary stenting 
from bailout procedures to elective cases resulted in a 
significant reduction of stent thrombosis, to <2%, as well as 
fewer bleeding complications14,15. Moreover, recognition of 
the importance of stent implantation technique,6 appropriate 
pretreatment and loading with thienopyridines, and the use 
of glycoprotein IIb/IIIa antagonists in the setting of acute 
coronary syndromes led to a further decline in stent       
thrombosis16.

To date, no difference has been found between DES and 
BMS in terms of early stent thrombosis17-19; and as for BMS, 
the rate of early stent thrombosis after DES implantation is 
approximately 1%. Early stent thrombosis rates for elective 
PCI in stable coronary artery disease patients ranges from 
0.3% to 0.5%, but stenting for acute coronary syndromes 
demonstrated early stent thrombosis rates as high as 3.4% 
and 1.4% for ST-elevation myocardial infarction (STEMI) 
and non–ST-elevation myocardial infarction (NSTEMI), 
respectively20,21. In comparison to the bare metal stent era, 
early stent thrombosis with drug-eluting stents represents a 
risk continuum largely determined by the clinical setting, 
ranging from low risk in patients with stable coronary artery 
disease, to intermediate risk in patients with acute coronary 
syndromes, and extending to high risk in patients with 
STEMI (Table 2).

According to recent studies and meta-analyses, the 
incidence of late stent thrombosis seems to be similar for 
DES and BMS, at around 0.5%18,19.
The incidence of very late stent thrombosis is, today, still 
poorly described and authors disagree about the potential 
increased risk of very late stent thrombosis after DES 
implantation. Several authors have reported an incidence of 
very late stent thrombosis between 0.4 and 0.6% per year 
after DES implantation22,23.

Predictors of ST
The mechanisms of stent thrombosis are multi-factorial. 
Predictors of ST24 may be categorized into those related to 
the: 1) stent; 2) patient; 3) procedure; and 4) type and 
duration of antiplatelet therapy (Table 3).

Introduction
Drug-eluting stents (DES) were introduced into clinical 
practice in order to reduce the rates of restenosis observed 
with bare metal stents (BMS) in the treatment of coronary 
artery disease1-3. However, despite the promising results, 
some concerns were raised regarding the potential increased 
risk of late and very late stent thrombosis (ST) following 
DES implantation4. Stent thrombosis remain a major pitfall 
of stent implantation with first generation stents, leading to 
high rates of death and nonfatal myocardial infarction (MI)5. 

In 20076 a standardized definition of stent thrombosis was 
established to provide consistency in the reporting of this 
complication and to enable accurate and reliable data to be 
described for both types of stents: bare metal and drug 
eluting. Although the incidence of stent thrombosis             
following DES implantation is similar in each period, the 
underlying mechanisms of this complication may vary7. ST 
is a multifactorial problem related to patient, lesion, and 
procedural factors and to the coagulation system and 
response to antiplatelet therapy. Early, late, and very late ST 
may differ in clinical presentation, management, and in- 
hospital outcomes8. 

Compared to bare-metal stents, first-generation DES 
(G1-DES) has dramatically reduced the rates of in-stent 

restenosis and subsequent target lesion revascularization9. 
However, major safety concerns surrounding ST emerged 
with G1-DES in clinical practice as a result of the high 
incidences of death, myocardial infarction, and repeat  
revascularization associated with ST9. To overcome these 
limitations, second-generation DES (G2-DES) has been 
developed with an improved stent platform with thinner 
strut and biocompatible durable or biodegradable 
polymers9. Indeed, G2-DES, when compared with G1-DES, 
has improved clinical outcomes by reducing the risk of late 
thrombotic events while maintaining anti- restenotic effica-
cy, whereas ST still occurs, even with the use of G2-DES 
but at lower rate9. The staggering high rate of mortality and 
morbidity associated with ST, even when treated by primary 
PCI in high volume centres, calls for action in order to 
prevent its occurrence and further improve its treatment10. 
The purpose of this review is to highlight the definition, 
incidence, predictors, clinical features, treatment, prognosis 
and prevention of stent thrombosis.  

Definition
The lack of consensus on the definition of stent thrombosis 
among clinical trials has led to disparities in reports of stent 
thrombosis and, in particular, has prevented comparison of 
stent thrombosis rates between studies. To address this 
issue, the ARC definition of stent thrombosis was                
established6 incorporating timing as well as diagnostic 
certainty (Table 1).
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recommended. Although repeat stenting in patients with 
stent thrombosis may be avoided when satisfactory results 
are obtained with balloon dilation (Figure 2), a new stent 
(Figure 3) may be required to overcome edge-related  
dissections and adjacent lesions, or to optimize final 
results39. In a recent study one-half of patients were treated 
with aspiration thrombectomy at the time of ST, and almost 
one-half of patients had a new stent implanted at the time of 
ST8. Systemic fibrinolysis should be considered in the 
presence of ongoing significant ischemia and unavailability 
of prompt PCI31. There is no evidence that the post- 
interventional management of patients with stent              
thrombosis should differ from that of patients with        
thrombosis of a de novo lesion resulting in STEMI39. 

Figure 3 A-E: Early stent thrombosis- A) Total occlusion of 
right coronary artery; B) Plain old balloon angioplasty; C) 
Edge dissection proximal to stent; D) Another stent             
deployment & E) Final good result.

Prognosis  
Clinical consequences of ST are generally severe, including 
short-term mortality rates up to 20% to 25% and MI in 60% 
to 70% of cases34. The impact of ST is influenced by the 
myocardial area at risk, its viability, the degree of instantly 
recruitable collaterals, and rapid reperfusion therapy31. 
Infarction due to ST may differ from de novo native-vessel 
infarction in that it is associated with larger thrombus 
burden, more frequent distal embolization, and less                
successful catheter-based PCI reperfusion44-46 that leads to 
higher mortality than STEMI from a de novo lesion40. In a 
series of 431 definite ST cases, subsequent death or               
recurrent ST occurred in 18% by 30-day follow-up45. Such 
patients remain at increased risk for recurrent ST, recurrent 
MI, and death for up to 3 years. 

Currently the only predictive factors of death after definite 
stent thrombosis are the presence of a residual dissection 
after stent thrombosis treatment, a TIMI flow grade 3 after 
treatment of stent thrombosis, and the presence of a residual 
stenosis above 50% after stent thrombosis treatment41. The 
in-hospital mortality risk associated with early ST is high 
and significantly greater than for patients with late or very 
late ST. Early ST is associated with high on-treatment  
platelet reactivity, suggesting that patients with early ST 
may have a pre-disposition to thrombosis and subsequent 
adverse outcomes47,48. Mortality rates in patients suffering 
VLST seem to be lower than those in acute/subacute ST, 
probably due to ischemic preconditioning mechanisms and 
the longer time interval between first stent implantation49.

Prevention 
Several preventive strategies may help to limit the risk of ST 
in patients treated with DES. The basis of preventive 
treatment for stent thrombosis is, above all, to perform the 
best PCI possible, including good expansion and apposition 
of the stent5. 

Both the use of intravascular ultrasound (IVUS) and the use 
of optical coherence tomography (OCT) can improve the 
outcome of coronary interventions. These imaging methods 
enable adequate stent sizing, including selection of the 
optimal stent length and identification stent strut mal-    
apposition or dissection with high sensitivity and specifici-
ty50,51.  A meta-analysis52 with 17 882 patients compared 
imaging-guided with purely angiography-guided PCI: the 
former resulted in a significant reduction in myocardial 
infarctions, repeat target vessel revascularization and ST. 
The use of intracoronary imaging in patients with ACS 
reduced the incidence of ST (0.6% versus 1.2%; p = 
0.005)53. The prospective PESTO registry54 investigated 
patients with ST using OCT and identified morphological 
abnormalities, such as malapposition of stent struts or stent 
under-expansion, in 97% of cases. Whilst malapposition 
was strongly associated with the development of both early 
(48%) and late (31%) ST, stent underexpansion correlated 
with the occurrence of early ST in 26% of cases. These 
findings highlight the importance of the optimal implanta-
tion technique.

Due to their greater safety and efficacy, new-generation 
DES should be preferred over older DES39. The current 
guidelines recommend the preferential implantation of DES 
irrespective of clinical presentation, the lesion to be treated, 
and the expected duration of DAPT39. Precise matching of 
the stent to the target vessel, including optimization of the 
implantation technique while correcting morphological 
abnormalities at the time of placement, can reduce the risk 
for the development of ST55.

It appears reasonable to maintain patients treated with 
(first-generation) DES for ≥1 year on dual antiplatelet  
therapy if they tolerate it and are at low risk of bleeding31. 
EVOLVE Short DAPT56 prospectively evaluated the safety 
of 3-month DAPT in high bleeding risk patients treated with 
the SYNERGY everolimus-eluting stent, analyzing 1487 
patients at 110 global sites. Patients with acute myocardial 
infarction or complex lesions were excluded. After PCI, 
patients were required to take DAPT (aspirin+P2Y12 inhibi-
tor) for 3 months. Patients free of events (stroke, myocardial 
infarction, revascularization, and stent thrombosis) who 
discontinued P2Y12 inhibitor at 3 months, but continued 
aspirin, and had at least 1 year of follow-up or an end point 
event were included in the primary analysis. The adjusted 
rate of death/myocardial infarction between 3 and 15 
months was 5.6% among patients receiving 3-month DAPT 
versus 5.7% patients in the 12-month DAPT control. The 
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rate of study stent-related stent thrombosis between 3-15 
months was 0.2% in the 3-month DAPT group. This stent is 
a thin-strut platinum-chromium stent that elutes everolimus 
from a thin abluminal layer of bioabsorbable polymer. 
These design elements facilitate rapid endothelialization 
and enable shorter-duration DAPT.

Innovative stent designs that are polymer-free, bioabsorb-
able, or coated with monoclonal antibodies that bind circu-
lating endothelial progenitor cells have been proposed to 
decrease ST rates57. Figure 4 highlights various strategies 
that may be used to diminish the risk of stent thrombosis58.

Figure 4: Strategies to prevent stent thrombosis. IVUS: 
Intravenous Ultrasound; OCT: Optical Coherence Tomog-
raphy; ST: Stent Thrombosis.

Conclusion
ST with either DES or BMS remains catastrophic and, 
although infrequent, occupies a central place in the risk- 
benefit equation of PCI. The timing of ST between DES and 
BMS differs, occurring more frequently earlier after BMS 
but continuing later after DES due to delayed endotheliali-
zation. It presents as STEMI and leads to high rates of death 
and nonfatal myocardial infarction. Immediate reperfusion, 
preferably by primary PCI, is the therapy of choice.               
Preventive measures such as careful attention to implantation 
details, uninterrupted dual antiplatelet therapy for ≥12 
months, and alternative revascularization strategies in 
selected patients may curb this adverse event.
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recommended. Although repeat stenting in patients with 
stent thrombosis may be avoided when satisfactory results 
are obtained with balloon dilation (Figure 2), a new stent 
(Figure 3) may be required to overcome edge-related  
dissections and adjacent lesions, or to optimize final 
results39. In a recent study one-half of patients were treated 
with aspiration thrombectomy at the time of ST, and almost 
one-half of patients had a new stent implanted at the time of 
ST8. Systemic fibrinolysis should be considered in the 
presence of ongoing significant ischemia and unavailability 
of prompt PCI31. There is no evidence that the post- 
interventional management of patients with stent              
thrombosis should differ from that of patients with        
thrombosis of a de novo lesion resulting in STEMI39. 

Figure 3 A-E: Early stent thrombosis- A) Total occlusion of 
right coronary artery; B) Plain old balloon angioplasty; C) 
Edge dissection proximal to stent; D) Another stent             
deployment & E) Final good result.

Prognosis  
Clinical consequences of ST are generally severe, including 
short-term mortality rates up to 20% to 25% and MI in 60% 
to 70% of cases34. The impact of ST is influenced by the 
myocardial area at risk, its viability, the degree of instantly 
recruitable collaterals, and rapid reperfusion therapy31. 
Infarction due to ST may differ from de novo native-vessel 
infarction in that it is associated with larger thrombus 
burden, more frequent distal embolization, and less                
successful catheter-based PCI reperfusion44-46 that leads to 
higher mortality than STEMI from a de novo lesion40. In a 
series of 431 definite ST cases, subsequent death or               
recurrent ST occurred in 18% by 30-day follow-up45. Such 
patients remain at increased risk for recurrent ST, recurrent 
MI, and death for up to 3 years. 

Currently the only predictive factors of death after definite 
stent thrombosis are the presence of a residual dissection 
after stent thrombosis treatment, a TIMI flow grade 3 after 
treatment of stent thrombosis, and the presence of a residual 
stenosis above 50% after stent thrombosis treatment41. The 
in-hospital mortality risk associated with early ST is high 
and significantly greater than for patients with late or very 
late ST. Early ST is associated with high on-treatment  
platelet reactivity, suggesting that patients with early ST 
may have a pre-disposition to thrombosis and subsequent 
adverse outcomes47,48. Mortality rates in patients suffering 
VLST seem to be lower than those in acute/subacute ST, 
probably due to ischemic preconditioning mechanisms and 
the longer time interval between first stent implantation49.

Prevention 
Several preventive strategies may help to limit the risk of ST 
in patients treated with DES. The basis of preventive 
treatment for stent thrombosis is, above all, to perform the 
best PCI possible, including good expansion and apposition 
of the stent5. 

Both the use of intravascular ultrasound (IVUS) and the use 
of optical coherence tomography (OCT) can improve the 
outcome of coronary interventions. These imaging methods 
enable adequate stent sizing, including selection of the 
optimal stent length and identification stent strut mal-    
apposition or dissection with high sensitivity and specifici-
ty50,51.  A meta-analysis52 with 17 882 patients compared 
imaging-guided with purely angiography-guided PCI: the 
former resulted in a significant reduction in myocardial 
infarctions, repeat target vessel revascularization and ST. 
The use of intracoronary imaging in patients with ACS 
reduced the incidence of ST (0.6% versus 1.2%; p = 
0.005)53. The prospective PESTO registry54 investigated 
patients with ST using OCT and identified morphological 
abnormalities, such as malapposition of stent struts or stent 
under-expansion, in 97% of cases. Whilst malapposition 
was strongly associated with the development of both early 
(48%) and late (31%) ST, stent underexpansion correlated 
with the occurrence of early ST in 26% of cases. These 
findings highlight the importance of the optimal implanta-
tion technique.

Due to their greater safety and efficacy, new-generation 
DES should be preferred over older DES39. The current 
guidelines recommend the preferential implantation of DES 
irrespective of clinical presentation, the lesion to be treated, 
and the expected duration of DAPT39. Precise matching of 
the stent to the target vessel, including optimization of the 
implantation technique while correcting morphological 
abnormalities at the time of placement, can reduce the risk 
for the development of ST55.

It appears reasonable to maintain patients treated with 
(first-generation) DES for ≥1 year on dual antiplatelet  
therapy if they tolerate it and are at low risk of bleeding31. 
EVOLVE Short DAPT56 prospectively evaluated the safety 
of 3-month DAPT in high bleeding risk patients treated with 
the SYNERGY everolimus-eluting stent, analyzing 1487 
patients at 110 global sites. Patients with acute myocardial 
infarction or complex lesions were excluded. After PCI, 
patients were required to take DAPT (aspirin+P2Y12 inhibi-
tor) for 3 months. Patients free of events (stroke, myocardial 
infarction, revascularization, and stent thrombosis) who 
discontinued P2Y12 inhibitor at 3 months, but continued 
aspirin, and had at least 1 year of follow-up or an end point 
event were included in the primary analysis. The adjusted 
rate of death/myocardial infarction between 3 and 15 
months was 5.6% among patients receiving 3-month DAPT 
versus 5.7% patients in the 12-month DAPT control. The 

rate of study stent-related stent thrombosis between 3-15 
months was 0.2% in the 3-month DAPT group. This stent is 
a thin-strut platinum-chromium stent that elutes everolimus 
from a thin abluminal layer of bioabsorbable polymer. 
These design elements facilitate rapid endothelialization 
and enable shorter-duration DAPT.

Innovative stent designs that are polymer-free, bioabsorb-
able, or coated with monoclonal antibodies that bind circu-
lating endothelial progenitor cells have been proposed to 
decrease ST rates57. Figure 4 highlights various strategies 
that may be used to diminish the risk of stent thrombosis58.

Figure 4: Strategies to prevent stent thrombosis. IVUS: 
Intravenous Ultrasound; OCT: Optical Coherence Tomog-
raphy; ST: Stent Thrombosis.

Conclusion
ST with either DES or BMS remains catastrophic and, 
although infrequent, occupies a central place in the risk- 
benefit equation of PCI. The timing of ST between DES and 
BMS differs, occurring more frequently earlier after BMS 
but continuing later after DES due to delayed endotheliali-
zation. It presents as STEMI and leads to high rates of death 
and nonfatal myocardial infarction. Immediate reperfusion, 
preferably by primary PCI, is the therapy of choice.               
Preventive measures such as careful attention to implantation 
details, uninterrupted dual antiplatelet therapy for ≥12 
months, and alternative revascularization strategies in 
selected patients may curb this adverse event.
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recommended. Although repeat stenting in patients with 
stent thrombosis may be avoided when satisfactory results 
are obtained with balloon dilation (Figure 2), a new stent 
(Figure 3) may be required to overcome edge-related  
dissections and adjacent lesions, or to optimize final 
results39. In a recent study one-half of patients were treated 
with aspiration thrombectomy at the time of ST, and almost 
one-half of patients had a new stent implanted at the time of 
ST8. Systemic fibrinolysis should be considered in the 
presence of ongoing significant ischemia and unavailability 
of prompt PCI31. There is no evidence that the post- 
interventional management of patients with stent              
thrombosis should differ from that of patients with        
thrombosis of a de novo lesion resulting in STEMI39. 

Figure 3 A-E: Early stent thrombosis- A) Total occlusion of 
right coronary artery; B) Plain old balloon angioplasty; C) 
Edge dissection proximal to stent; D) Another stent             
deployment & E) Final good result.

Prognosis  
Clinical consequences of ST are generally severe, including 
short-term mortality rates up to 20% to 25% and MI in 60% 
to 70% of cases34. The impact of ST is influenced by the 
myocardial area at risk, its viability, the degree of instantly 
recruitable collaterals, and rapid reperfusion therapy31. 
Infarction due to ST may differ from de novo native-vessel 
infarction in that it is associated with larger thrombus 
burden, more frequent distal embolization, and less                
successful catheter-based PCI reperfusion44-46 that leads to 
higher mortality than STEMI from a de novo lesion40. In a 
series of 431 definite ST cases, subsequent death or               
recurrent ST occurred in 18% by 30-day follow-up45. Such 
patients remain at increased risk for recurrent ST, recurrent 
MI, and death for up to 3 years. 

Currently the only predictive factors of death after definite 
stent thrombosis are the presence of a residual dissection 
after stent thrombosis treatment, a TIMI flow grade 3 after 
treatment of stent thrombosis, and the presence of a residual 
stenosis above 50% after stent thrombosis treatment41. The 
in-hospital mortality risk associated with early ST is high 
and significantly greater than for patients with late or very 
late ST. Early ST is associated with high on-treatment  
platelet reactivity, suggesting that patients with early ST 
may have a pre-disposition to thrombosis and subsequent 
adverse outcomes47,48. Mortality rates in patients suffering 
VLST seem to be lower than those in acute/subacute ST, 
probably due to ischemic preconditioning mechanisms and 
the longer time interval between first stent implantation49.

Prevention 
Several preventive strategies may help to limit the risk of ST 
in patients treated with DES. The basis of preventive 
treatment for stent thrombosis is, above all, to perform the 
best PCI possible, including good expansion and apposition 
of the stent5. 

Both the use of intravascular ultrasound (IVUS) and the use 
of optical coherence tomography (OCT) can improve the 
outcome of coronary interventions. These imaging methods 
enable adequate stent sizing, including selection of the 
optimal stent length and identification stent strut mal-    
apposition or dissection with high sensitivity and specifici-
ty50,51.  A meta-analysis52 with 17 882 patients compared 
imaging-guided with purely angiography-guided PCI: the 
former resulted in a significant reduction in myocardial 
infarctions, repeat target vessel revascularization and ST. 
The use of intracoronary imaging in patients with ACS 
reduced the incidence of ST (0.6% versus 1.2%; p = 
0.005)53. The prospective PESTO registry54 investigated 
patients with ST using OCT and identified morphological 
abnormalities, such as malapposition of stent struts or stent 
under-expansion, in 97% of cases. Whilst malapposition 
was strongly associated with the development of both early 
(48%) and late (31%) ST, stent underexpansion correlated 
with the occurrence of early ST in 26% of cases. These 
findings highlight the importance of the optimal implanta-
tion technique.

Due to their greater safety and efficacy, new-generation 
DES should be preferred over older DES39. The current 
guidelines recommend the preferential implantation of DES 
irrespective of clinical presentation, the lesion to be treated, 
and the expected duration of DAPT39. Precise matching of 
the stent to the target vessel, including optimization of the 
implantation technique while correcting morphological 
abnormalities at the time of placement, can reduce the risk 
for the development of ST55.

It appears reasonable to maintain patients treated with 
(first-generation) DES for ≥1 year on dual antiplatelet  
therapy if they tolerate it and are at low risk of bleeding31. 
EVOLVE Short DAPT56 prospectively evaluated the safety 
of 3-month DAPT in high bleeding risk patients treated with 
the SYNERGY everolimus-eluting stent, analyzing 1487 
patients at 110 global sites. Patients with acute myocardial 
infarction or complex lesions were excluded. After PCI, 
patients were required to take DAPT (aspirin+P2Y12 inhibi-
tor) for 3 months. Patients free of events (stroke, myocardial 
infarction, revascularization, and stent thrombosis) who 
discontinued P2Y12 inhibitor at 3 months, but continued 
aspirin, and had at least 1 year of follow-up or an end point 
event were included in the primary analysis. The adjusted 
rate of death/myocardial infarction between 3 and 15 
months was 5.6% among patients receiving 3-month DAPT 
versus 5.7% patients in the 12-month DAPT control. The 

rate of study stent-related stent thrombosis between 3-15 
months was 0.2% in the 3-month DAPT group. This stent is 
a thin-strut platinum-chromium stent that elutes everolimus 
from a thin abluminal layer of bioabsorbable polymer. 
These design elements facilitate rapid endothelialization 
and enable shorter-duration DAPT.

Innovative stent designs that are polymer-free, bioabsorb-
able, or coated with monoclonal antibodies that bind circu-
lating endothelial progenitor cells have been proposed to 
decrease ST rates57. Figure 4 highlights various strategies 
that may be used to diminish the risk of stent thrombosis58.

Figure 4: Strategies to prevent stent thrombosis. IVUS: 
Intravenous Ultrasound; OCT: Optical Coherence Tomog-
raphy; ST: Stent Thrombosis.

Conclusion
ST with either DES or BMS remains catastrophic and, 
although infrequent, occupies a central place in the risk- 
benefit equation of PCI. The timing of ST between DES and 
BMS differs, occurring more frequently earlier after BMS 
but continuing later after DES due to delayed endotheliali-
zation. It presents as STEMI and leads to high rates of death 
and nonfatal myocardial infarction. Immediate reperfusion, 
preferably by primary PCI, is the therapy of choice.               
Preventive measures such as careful attention to implantation 
details, uninterrupted dual antiplatelet therapy for ≥12 
months, and alternative revascularization strategies in 
selected patients may curb this adverse event.
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recommended. Although repeat stenting in patients with 
stent thrombosis may be avoided when satisfactory results 
are obtained with balloon dilation (Figure 2), a new stent 
(Figure 3) may be required to overcome edge-related  
dissections and adjacent lesions, or to optimize final 
results39. In a recent study one-half of patients were treated 
with aspiration thrombectomy at the time of ST, and almost 
one-half of patients had a new stent implanted at the time of 
ST8. Systemic fibrinolysis should be considered in the 
presence of ongoing significant ischemia and unavailability 
of prompt PCI31. There is no evidence that the post- 
interventional management of patients with stent              
thrombosis should differ from that of patients with        
thrombosis of a de novo lesion resulting in STEMI39. 

Figure 3 A-E: Early stent thrombosis- A) Total occlusion of 
right coronary artery; B) Plain old balloon angioplasty; C) 
Edge dissection proximal to stent; D) Another stent             
deployment & E) Final good result.

Prognosis  
Clinical consequences of ST are generally severe, including 
short-term mortality rates up to 20% to 25% and MI in 60% 
to 70% of cases34. The impact of ST is influenced by the 
myocardial area at risk, its viability, the degree of instantly 
recruitable collaterals, and rapid reperfusion therapy31. 
Infarction due to ST may differ from de novo native-vessel 
infarction in that it is associated with larger thrombus 
burden, more frequent distal embolization, and less                
successful catheter-based PCI reperfusion44-46 that leads to 
higher mortality than STEMI from a de novo lesion40. In a 
series of 431 definite ST cases, subsequent death or               
recurrent ST occurred in 18% by 30-day follow-up45. Such 
patients remain at increased risk for recurrent ST, recurrent 
MI, and death for up to 3 years. 

Currently the only predictive factors of death after definite 
stent thrombosis are the presence of a residual dissection 
after stent thrombosis treatment, a TIMI flow grade 3 after 
treatment of stent thrombosis, and the presence of a residual 
stenosis above 50% after stent thrombosis treatment41. The 
in-hospital mortality risk associated with early ST is high 
and significantly greater than for patients with late or very 
late ST. Early ST is associated with high on-treatment  
platelet reactivity, suggesting that patients with early ST 
may have a pre-disposition to thrombosis and subsequent 
adverse outcomes47,48. Mortality rates in patients suffering 
VLST seem to be lower than those in acute/subacute ST, 
probably due to ischemic preconditioning mechanisms and 
the longer time interval between first stent implantation49.

Prevention 
Several preventive strategies may help to limit the risk of ST 
in patients treated with DES. The basis of preventive 
treatment for stent thrombosis is, above all, to perform the 
best PCI possible, including good expansion and apposition 
of the stent5. 

Both the use of intravascular ultrasound (IVUS) and the use 
of optical coherence tomography (OCT) can improve the 
outcome of coronary interventions. These imaging methods 
enable adequate stent sizing, including selection of the 
optimal stent length and identification stent strut mal-    
apposition or dissection with high sensitivity and specifici-
ty50,51.  A meta-analysis52 with 17 882 patients compared 
imaging-guided with purely angiography-guided PCI: the 
former resulted in a significant reduction in myocardial 
infarctions, repeat target vessel revascularization and ST. 
The use of intracoronary imaging in patients with ACS 
reduced the incidence of ST (0.6% versus 1.2%; p = 
0.005)53. The prospective PESTO registry54 investigated 
patients with ST using OCT and identified morphological 
abnormalities, such as malapposition of stent struts or stent 
under-expansion, in 97% of cases. Whilst malapposition 
was strongly associated with the development of both early 
(48%) and late (31%) ST, stent underexpansion correlated 
with the occurrence of early ST in 26% of cases. These 
findings highlight the importance of the optimal implanta-
tion technique.

Due to their greater safety and efficacy, new-generation 
DES should be preferred over older DES39. The current 
guidelines recommend the preferential implantation of DES 
irrespective of clinical presentation, the lesion to be treated, 
and the expected duration of DAPT39. Precise matching of 
the stent to the target vessel, including optimization of the 
implantation technique while correcting morphological 
abnormalities at the time of placement, can reduce the risk 
for the development of ST55.

It appears reasonable to maintain patients treated with 
(first-generation) DES for ≥1 year on dual antiplatelet  
therapy if they tolerate it and are at low risk of bleeding31. 
EVOLVE Short DAPT56 prospectively evaluated the safety 
of 3-month DAPT in high bleeding risk patients treated with 
the SYNERGY everolimus-eluting stent, analyzing 1487 
patients at 110 global sites. Patients with acute myocardial 
infarction or complex lesions were excluded. After PCI, 
patients were required to take DAPT (aspirin+P2Y12 inhibi-
tor) for 3 months. Patients free of events (stroke, myocardial 
infarction, revascularization, and stent thrombosis) who 
discontinued P2Y12 inhibitor at 3 months, but continued 
aspirin, and had at least 1 year of follow-up or an end point 
event were included in the primary analysis. The adjusted 
rate of death/myocardial infarction between 3 and 15 
months was 5.6% among patients receiving 3-month DAPT 
versus 5.7% patients in the 12-month DAPT control. The 

Introduction
Every year, nearly 9.4 million death cases that occurs 
around the globe is directly or indirectly related with hyper-
tension1. Despite of being a highly preventable risk factor, 
hypertension is the most prevalent cause that leads to 
cardiovascular diseases2,3. More than one fourth of the adult 
population around the world is experiencing a case of raised 
blood pressure. (≥140/90 mmHg)4. To reduce hypertension 
related complication and mortality, keeping one’s blood 
pressure controlled is of utmost importance. To keep one’s 
blood pressure in check, one must know whether he or she is 
hypertensive or not. To reduce the prevalence of hyperten-
sion and to keep the hypertension in population controlled, 
raising the awareness rate for hypertension should take the 
forefront of public health priorities5. Study showed that in 
lower income countries, the rate of awareness, treatment and 
control rate of hypertension in relatively lower than the rest 
of the world (41%, 32% and 40%, respectively)6. Evidence 
shows that the higher adherence to antihypertensive 
treatment and blood pressure is directly associated with 
awareness rate of the condition7. Reviewing the available 
data on the awareness and control rate of hypertension in 
Bangladesh and evaluating the limitations will hopefully 
animate future research and studies and provide some 
substantial information and insights.

Methodology
All the articles that have been used to collect data and    

information in this review, were gathered from Research 
Gate and Pub Med supported by the International Network 
for the Availability of Scientific Publications (INASP). 
Apart from that, various articles that were available online 
and local journal that were not available online but were 
recognized by the Bangladesh Medical and Dental Council 
were considered during the initial phase.     
 
Epidemiology
In Bangladesh, a recent report has suggested nearly 12 
million adult aged 25 years or older are suffering from 
raised blood pressure and the prevalence is higher in urban 
population than in rural population8. Another earlier study in 
Bangladesh indicated that 12% to 15% of adults aged 20 
years or more are experiencing hypertension9-11. It is 
common for a low middle-income country like Bangladesh 
to have a low awareness rate for hypertension12,13. A NCD 
risk factor survey reported that 32.9% of the total population 
(44% male population, 22.8% of female population) have 
never got their blood pressure measured which means 
approximately one third of the population is unaware if their 
blood pressure condition14.
A national cross sectional survey regarding hypertension 
awareness and control and their relationship with gender 
took place in 2011. The study was a secondary analysis of 
the data collected from Bangladesh Demographic and 
Health Survey 2011(6th BDHS) where all the subjects were 
aged ≥35 years and participants rate was high (Men: 86% 
for men, N= 4524 and Women: 92%, N= 4311).  Partici-
pants got their blood pressure measured via automatic BP 
machine as per WHO recommendations15. SBP ≥140/DBP ≥

90 mmHg was categorized as hypertension. People who 
have blood pressure under control (SBP <140 and DBP <90 
mmHg) but are on antihypertensive medication were also 
categorized in hypertensive group. The survey result 
showed that female population are more prone to have their 
blood pressure measured (75.8% vs. males 70.7%, p < 
0.001) and hypertension awareness rate is higher in females 
(55% vs. males 43%, p < 0.001). No significant gender 
difference had been observed for the BP control drug use 
among the aware population (females 67%, males 65%, p = 
0.39). 45% of male population and 44% of female popula-
tion who use anti-hypertensive drugs had their blood 
pressure under control. Women in low-income group were 
lagging behind in anti-hypertensive drug use compared to 
men in of the same group. Gender, advanced age, economic 
condition, high BMI and geopolitical regions were associat-
ed with poor blood pressure control among antihypertensive 
medication users16.

In the year of 2017, an updated guideline was published 
titled, The ACC/AHA Guidelines for the Prevention, Detec-
tion, Evaluation and Management of High Blood Pressure in 
Adults or the 2017 Hypertension Clinical Practice Guide-
lines by American College of Cardiology and the American 
Heart Association (ACC/AHA)17. A review was done in 
2017 using these guidelines. Primary aim of this epidemio-
logical review was to appraise the change in prevalence of 
hypertension based on the 2017 ACC/AHA in comparison 
to the AHA guidelines known as Joint National Committee 
7 Blood Pressure Guidelines or JNC 7. Secondary aim was 
to evaluate the contrast in the proportion of participants who 
self-reported to take anti-hypertensive medications and 
those who were recommended for antihypertensive medica-
tion based on the 2017 ACC/AHA updated guidelines. Data 
for the analysis were collected from a population-based 
nationally representative sample of 1843 (Male: 892 
Female: 951) Bangladeshi adults, aged ≥18 years in the year 
2015 which was conducted with technical support of the 
World Health Organization Country Office for Bangladesh 
and Bangabandhu Sheikh Mujib Medical University 
(BSMMU) and followed STEPS18,19. Hypertension was 
defined as SBP ≥ 140 or DBP ≥ 90 mmHg according to JNC 
7 guidelines, and also SBP ≥ 130 mmHg, or DBP ≥ 80 
mmHg according to the 2017 ACC/AHA guidelines, or a 
self-reported diagnosis of hypertension. Additionally, 
individuals who self-reported to be taking anti-hypertensive 
medication were included in the JNC 7 definition of           
hypertension. The prevalence of hypertension was 17.9% 
(95% CI: 16.2–19.7) based on the original JNC 7 guidelines 
and 40.7% (95% CI: 38.5–43.0) based on 2017 ACC/AHA 
guidelines. 52.4% of hypertensive participants, (JNC 7’s 
definition) were previously diagnosed with the condition 
and thereby were aware of their hypertensive status. Urban 
resident participants were more aware of their hypertensive 
condition than the rural participants (men: 14.8% vs 6.9% 
and women: 18.3% vs7.2%). 66.9% of the participants 

reported they did not know if they had been previously 
diagnosed with hypertension; this number was higher 
among rural residents (74.9%) than urban residents (54.3%). 
About 75.4% of this ‘aware’ population reported to take 
medication in order to keep their hypertension in check. 
Among urban participants, women more frequently (80.9%) 
self-reported to take hypertension medication than men 
(74.5%) Among rural participants, the proportion of women 
who did not take medication to control their hypertension 
was higher (83.3%) than men (57.9%). About 61% of the 
population who take medications continued to have high 
blood pressure (average systolic BP is 148.3 mmHg with SD 
of 16.4 and average diastolic BP is 94.1 mmHg with SD of 
9.7) indicating uncontrolled hypertension. Poor adherence 
was identified as the major reason for uncontrolled hyper-
tension20.

A study was carried out in icddr,b surveillance sites at rural 
Matlab  in Chandpur district and semi-urban Kamalapur in 
Dhaka, Bangladesh. The participants were randomly select-
ed men and non-pregnant women aged 20 years or older 
without any acute illness or history of any cardiovascular 
disease. Hypertension was defined as SBP ≥140 and/or DBP 
≥90 mm Hg or as self-reported hypertension under medica-
tion. The patients were advised to seek medical attention 
from a qualified provider and to adopt a healthy lifestyle. 
Changes in BP from baseline to follow-up at around 6 
months were compared. Overall, 17.1% (n=287) of partici-
pants had hypertension at baseline with significantly higher 
prevalence in the semi-urban than in the rural population 
(23.6% vs 10.8%; p<0.001). At baseline, half (49%) the 
total patients with hypertension were aware of their BP 
status and half of those who were aware (27.2%) had their 
BP under control (SBP <140 and DBP <90 mm Hg). Around 
83.3% of the participants followed through the advice given 
and visited a health care provider at least once. Nearly 3 
quarters of the patients with hypertension in Dhaka and one 
third in Matlab visited certified physicians (76.7% vs 
36.6%), The rest visited drug sellers, including pharmacists, 
village doctors or owners of small drug outlets with or 
without proper educational qualifications. Only about a half 
of those (52.7%) who had visited a care provider could show 
their prescribed medication during the follow-up visit. 
About 28% of the patients did not receive any written 
prescription from their care provider. Patients who visited 
the certified and qualified physicians experienced a signifi-
cant improvement in their condition, SBP (−3.9 ±22.4 mm 
Hg; p<0.03) and DBP (−2.7±14.1 mm Hg; p<0.02. In total 
50% of the hypertensive patients were able to achieve a 
controlled BP level BP<140/90 mm Hg). The findings 
implicate that there is a high level of unawareness among 
the hypertensive population in Bangladesh which contrib-
utes to the national mortality and morbidity rate21.

The PURE study which is a cross-sectional study of 153 996 
adults aged 35 to 70 years took place in 628 communities in 
3 high-income countries (HIC), 10 upper–middle-income 

rate of study stent-related stent thrombosis between 3-15 
months was 0.2% in the 3-month DAPT group. This stent is 
a thin-strut platinum-chromium stent that elutes everolimus 
from a thin abluminal layer of bioabsorbable polymer. 
These design elements facilitate rapid endothelialization 
and enable shorter-duration DAPT.

Innovative stent designs that are polymer-free, bioabsorb-
able, or coated with monoclonal antibodies that bind circu-
lating endothelial progenitor cells have been proposed to 
decrease ST rates57. Figure 4 highlights various strategies 
that may be used to diminish the risk of stent thrombosis58.

Figure 4: Strategies to prevent stent thrombosis. IVUS: 
Intravenous Ultrasound; OCT: Optical Coherence Tomog-
raphy; ST: Stent Thrombosis.

Conclusion
ST with either DES or BMS remains catastrophic and, 
although infrequent, occupies a central place in the risk- 
benefit equation of PCI. The timing of ST between DES and 
BMS differs, occurring more frequently earlier after BMS 
but continuing later after DES due to delayed endotheliali-
zation. It presents as STEMI and leads to high rates of death 
and nonfatal myocardial infarction. Immediate reperfusion, 
preferably by primary PCI, is the therapy of choice.               
Preventive measures such as careful attention to implantation 
details, uninterrupted dual antiplatelet therapy for ≥12 
months, and alternative revascularization strategies in 
selected patients may curb this adverse event.
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and low–middle-income countries (UMIC and LMIC), and 
4 low-income countries (LIC) from 2003 to 2006. Hyperten-
sion was defined as individuals with self-reported treated 
hypertension or with an average of 2 blood pressure 
measurements of 140/90mmHg or higher using an automated 
digital device. Awareness was comprised of on self- reports, 
treatment was based on the regular use of antihypertensive 
medications, and control was elucidated as participants with 
blood pressure lower than 140/90mmHg. The studies survey 
for Bangladesh showed that out of 2754 Bangladeshi people 
who participated (1246 male and 1508 female) 1832 partici-
pants were receiving treatment but only 5.7% of them 
managed to achieved their BP goal (lower than 140/90 
mmHg). At the time of the study, Bangladesh was in Lower 
income countries (LIC) group according to world bank and 
the awareness rate in LIC regions were comparatively low. 
In all 4 LIC (Bangladesh, India, Pakistan, Zimbabwe) 
awareness rate was (Urban 48.4% vs rural:31.2%) treatment 
receiving rate was (Urban 36.1% vs rural 19.9%) and 
controlled hypertension rate was (Urban 12.8% vs 6.9%)22.

In May 2017, there was a nationwide screening to detect 
hypertension among adults that took place in 35 screening 
sites of 33 districts in Bangladesh conducted by National 
Heart Foundation of Bangladesh as a part of MMM 
campaign. Hypertension was defined as either systolic BP 

(SBP) 140 mmHg and/or diastolic BP (DBP) 90 mmHg or if 
the patient was in anti-hypertensive medications. Data were 
collected from 11418 interested adult volunteers   aged 18 
years or older who had not got their BP measured in last one 
year. Study showed that about 28.1% of newly detected 
hypertensive cases, 26.7% (3053) of total participants were 
on anti-hypertensive medication and 52.2% of individuals 
who were receiving treatment for their hypertension had 
uncontrolled BP23. 

In May 2018 another nationwide screening for detecting 
hypertension among adults that took place in 10 screening 
sites of 9 districts in Bangladesh conducted by National 
Heart Foundation of Bangladesh. Hypertension was defined 
as either systolic BP (SBP) 140 mmHg and/or diastolic BP 
(DBP) 90 mmHg or if the patient was in anti-hypertensive 
medications. Data were collected from 5208 volunteers   
aged 18 years or older. After multiple imputation, 1750 
(33.6%) had hypertension 1132 (21.7%) were on antihypertensive 
medication. Among the 1750 participants with hypertension, 
1312 (75.0%) were aware of their condition24. Previously a 
study among the Bangladeshi population reported 52.8% 
uncontrolled hypertension among hypertensive patients. 
Mean SBP and DBP were higher among those who were on 
treatment than those who were not on treatment, indicating 
a larger number of uncontrolled25.

Discussion
Study findings showed that while female population hold 
more knowledge about hypertension and are aware of their 
BP conditions, they are unable to translate that knowledge 
into adequate measures and incorporate that in their 
lives16,26.

Study indicated that poor adherence to the treatment is one 
of the core reasons for uncontrolled blood pressure among 
the anti-hypertensive drug users. This poor adherence is 
associated with the male gender and the fact that a lot of the 
times in a rural community, the blood pressure measurement 
was done by unqualified health care workers instead of a 
qualified physician27. In previous studies, it was also been 
indicated that clinical inertia, the inability of the health care 
providers to properly communicate and commence 
treatment of the hypertensive patients’ attributes greatly to 
this problem28. Training sessions and educational campaigns 
should be organized for the community health care            
providers as they are in the front line when it comes to the 
dealing with hypertensive patients. The importance of 
treatment adherence should be emphasized in the training 
manual.

Study showed that, patients who visited a qualified           
practitioner rather than the unqualified ones benefitted 
more. The urban participants were more responsible during 
the follow up than the rural ones. It indicates that there is a 
scope for training the rural health care providers in             
Bangladesh29. There is a pattern which was seen before 
known as ‘rule of halves’ that dictated that only half of the 
hypertensive patients are aware of their situation, only half 
of the aware hypertensive patients will go through treatment 
for their blood pressure condition and only half of those 
treatment recipients will achieve their blood pressure goal30. 
Repeated intervention for behavioral change can be proved 
as an effective method for life style change to keep blood 
pressure in check and can ensure sustainability31,32. 

In LIC regions, literacy played a vital role in treatment 
seeking behavior as the more educated people were, more 
aware they were of their blood pressure condition. Despite 
of  the easy availability of  cheap means, instruments and 
effective medications and the identification and control of 
blood pressure being prioritized by many national and 
international  organizations, it is concerning that there is so 
much lack in hypertension awareness33,34. Although cost 
effective antihypertensive drugs are available in LICs, 
plausible hurdles to use of medications are still affordability 
(as good chunk of people lives below poverty line),           
communication and transport system and the costs to see 
physicians. Thereby, health care structure that would 
redirect the identification and initial treatment of                  
hypertension to non-physician health workers should be 
considered35-37.

Future course of action and focus

● Further large-scale studies are needed to acquire more 
comprehensive knowledge on the awareness status of 
the hypertensive population in Bangladesh

● National level program for regular screening of            
hypertension needs to be developed

● Policies are required to be conceived at a national level 
to encounter hypertension 

● To raise hypertension control rate, hypertension 
treatment protocol should be regularly revisited and 
make updates when necessary.

● More resources need to be allocated in public health 
sector and training camps should be organized to keep 
our health care providers equipped with updated knowledge

Conclusion
At this point of time, in the world we live in, hypertension 
has become a global public health burden, we do not have 
the luxury to lose any time anymore. Extensive, wide reach-
ing, nationwide surveys, clinical research are warranted to 
discern different aspects of HTN in Bangladesh. However, 
available data on awareness, care-seeking behavior, 
successful treatment is inadequate. In spite of being an 
enormous health burden attributable to hypertension and 
very high rate of unawareness, it is mostly an over looked, 
underestimated and under-researched public health problem 
in Bangladesh. There is a significant lack of nationwide 
program for regular screening of hypertension in Bangla-
desh. There are some intermittent screening camps and 
events organized by government bureaus and nongovern-
ment organizations. Blood pressure measurement is a 
feasible, simple, and non-invasive technique to detect 
hypertension. Detection of cases will lead to high awareness 
rate which will eventually lead to more effective drug 
treatment and contribute to the lowering of death and 
disability caused by hypertension.
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