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Introduction
In-stent restenosis (ISR) is an important complication 

observed after stent implantation with percutaneous coronary 
intervention (PCI) and is clinically defined as the onset of recurrent 
angina symptoms or objective evidence of myocardial ischemia. 
Angiographically, it is defined by ≥50% luminal diameter stenosis 
in the stented segment. The incidence of ISR varies with the type 
of stent used, patient and lesion characteristics, and procedural 
factors. The patient-related factors associated with late ISR 
(>30 days) include poor response to antiplatelet drugs, diabetes, 
malignancy, renal failure, and acute coronary syndrome (ACS) 
at presentation [1]. Higher rates of ISR are seen with increasing 
complexity of lesions. Data from meta-analysis and registries show 
a similar rate of early (<30 days) and late (>30 days but less than 
1 year) ISR between bare-metal stents (BMS) and first-generation 
drug eluting stents (DES) [2,3]. With introduction of second- 

 
generation DES, rates of ISR have been reduced to 1.5% - 2.3% at 
1 year [4,5]. The underlying pathophysiology of DES-ISR involves 
a complex interplay between platelets, leukocytes, coagulation-
fibrinolysis system, various growth factors and pro-inflammatory 
cytokines. We present a case of a patient who underwent ISR in 
21 stents despite being on adequate P2Y12 inhibition. This case 
highlights the role of coagulation pathways other than platelets in 
pathogenesis of ISR.

Case Presentation
67-year-old Caucasian woman with past medical history 

of diabetes type 2, hypertension, peripheral vascular disease 
and severe coronary artery disease status post coronary artery 
bypass grafting 12 years ago (saphenous vein graft [SVG] to the 
first and third marginal branches of left circumflex artery, SVG to 
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ARTICLE INFO abstract

In-stent restenosis (ISR) is a potentially fatal complication which can be observed 
early or late after stent implantation. The patient-related factors associated with ISR 
include poor response to antiplatelet drugs, diabetes, malignancy, renal failure, and 
acute coronary syndrome. Higher rates of ISR are seen with increasing complexity of 
lesions. The underlying pathophysiology involves a complex interplay between platelets, 
leukocytes, coagulation-fibrinolysis system, and various growth factors and pro-
inflammatory cytokines. We present a case of a patient who underwent in-stent restenosis 
in 21 stents despite being on adequate P2Y12 inhibition. This case highlights the role of 
coagulation pathways other than platelets in pathogenesis of ISR. We propose utilization 
of Thromboelastography in identifying patients at high thrombotic risk and consideration 
of using long-term oral anticoagulant therapy in addition to standard dual anti-platelet 
therapy in such patients.

Learning Objective: ISR involves coagulation pathways other than platelets. 
Thromboelastography can be utilized to identify patients with a thrombogenic phenotype 
in this population.
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the posterior descending branch of the right coronary artery, left 
internal mammary artery to left anterior descending artery) with 
placement of a total of 21 stents (4 stents in SVG to right posterior 
descending graft; 12 stents in SVG to first and third marginal branch 
graft; 5 stents in native arteries), both BMS (n=5) and DES (n=16) 
over a course of 15 years, who presented with discomfort in jaw 
with minimal exertion for 3 days. The rest of review of systems 
was unremarkable. Her social history was remarkable for an active 
30 pack-year smoking history and medications included aspirin, 
clopidogrel, insulin, atorvastatin, and isosorbide-mononitrate. 
Physical examination was unremarkable, and EKG showed an 
old right bundle branch block and old Q waves in lead III. Her 
laboratory data including complete blood count, basic metabolic 

panel, and troponins were within normal range. She was scheduled 
for cardiac catheterization and underwent additional testing with 
Thromboelastography (TEG), Verify Now P2Y12 point-of care assay 
and Vertical Auto Profile (VAP) cholesterol test to assess physical 
characteristics of platelet-fibrin clot, platelet reactivity and an 
extended lipid panel prior to catheterization (Table 1). She was 
found to be a clopidogrel responder with adequate P2Y12 inhibition 
and hypercoagulable. VAP cholesterol panel was significant for 
LDL cholesterol density pattern B. Coronary angiography was 
performed which showed an in-stent restenosis of the circumflex 
graft right above the anastomosis to distal marginal which was 
stented with a 3.0 x 15 mm resolute DES (Figure 1). 

Table 1: Verify now, Platelet aggregation, Thromboelastography and VAP Indices. 

Light transmittance Aggregation (%) Reference Range

5 M ADP induced aggregation 4 >47% ischemic risk

4g/ml Collagen induced aggregation 5 >70% poor ASA response

Verify Now

PRU 174 >230 ischemic risk

Inhibition (%) 48 -

Thromboelastography

Clot strength, TIP-FCS (mm) 80.1 50-70

Clotting time, R (min) 6.7 5-10

Clotting index, CI 2.9 -3-+3

K (min) 1.2 1-3

Fibrinogen activity α (degrees) 75.3 53-72

Vertical Auto Profile cholesterol test mg/dL (mg/dL)

Total cholesterol 144 <200

Total very low-density lipoprotein (VLDL) 34 <30

VLDL1+2 16.4 <20

VLDL3 17 <10

Total low-density lipoprotein (LDL) 86 <130

LDL1 8.5 -

LDL2 9.3 -

LDL3 34.8 -

LDL4 14.8 -

Intermediate density lipoprotein (IDL) 12 <20

Total high-density lipoprotein (HDL) 25 ≥40

HDL2 4 >10

HDL3 21 >30

Remnant Lipoproteins 29 <30

Triglycerides 302 <150

Lipoprotein (a) 6 <10

OX-LDL 29 <45

Apo B100 88 <109

Apo A1 107 >118

Apo B100:A1 ratio 0.82 <0.92

LDL Density (Pattern) B A: less risk, A/B intermediate risk, B: more risk

Note: PRU=Platelet reactivity units, TIP-FCS= thrombin induced platelet-fibrin-clot strength, CI= Coagulation index, K= the time 
from R to reach a 20 mm of clot strength, VLDL=very low density lipoprotein, LDL=low density lipoprotein, IDL= Intermediate 
density lipoprotein, HDL=high density lipoprotein, ox-DLD= oxidized LDL, APO= apolipoprotein.
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Figure 1: Angiographic presentation of multiple stents within coronary anatomy.

Discussion
This case describes a patient who despite being on adequate 

P2Y12 inhibition had multiple episodes of ISR. The current 
management guidelines for ISR with DES recommend using dual 
antiplatelet therapy (DAPT) with aspirin and P2Y12 inhibitors 
(clopidogrel, prasugrel or ticagrelor) for at least 1 year with the 
aim of preventing thrombotic events, particularly stent thrombosis. 
Although DAPT reduces the occurrence of ischemic events, its 
efficacy in reducing ISR remains uncertain [6]. Several factors have 
been attributed to increasing the risk of ISR in patients including 
procedural, angiographic and clinical factors. Mechanical endothelial 
injury during percutaneous coronary intervention has been linked 
to platelet activation, inflammation and occurrence of thrombotic 
events. The surface receptors of activated platelets facilitate 
attachment of leukocytes to the area of injury and further promote 
release of growth factors and cytokines which mediate hyperplasia 
and neo-intimal growth. Clinical factors which can favor a shift to 
thrombosis in the thrombosis-fibrinolysis equilibrium include a 
preexisting hypercoagulable state. As noted by our group in a prior 
study, TIP-FCS >67 mm is associated with a thrombotic phenotype 
predictive of restenosis, which was observed in the case discussed 
[7]. An alternate explanation of the observed hypercoagulability 
could be from the high number of stents implanted as opposed 
to intrinsic patient-related factors. LDL sub-patterns have also 
been shown to be associated with progression of atherosclerosis, 
vascular inflammation and neointimal hyperplasia [8]. A Type B 

pattern was observed in this case report indicating a higher risk 
of adverse events. In addition to the patient-related factors, recent 
studies have shown that patients with ISR do poorly with SVG grafts 
mid-term with early graft failure [9]. 

The proposed hypotheses include reduced production of 
nitric oxide in venous grafts (and not arterial) and the differential 
expression of thrombin receptors between arterial and venous 
grafts. It has been suggested that these patients would have 
better outcomes with arterial grafts. The ability to predict risk of 
restenosis can potentially lead to a more selective use of stents as 
well as a more aggressive, personalized antithrombotic therapy 
for improved clinical outcomes. Albeit the lack of data, it appears 
that Thromboelastography (TEG) and LDL subtypes might aid in 
guiding further characterization of these patients. Currently, the 
European Medicines Agency has approved the use of rivaroxaban to 
prevent atherothrombotic events after an acute coronary syndrome 
event in 2013 based on the results of ATLAS-ACS TIMI-51 trial. 
This trial randomized 15,526 patients to receive rivaroxaban or 
placebo in addition to DAPT and showed a significant reduction 
in the composite of death from cardiovascular causes, myocardial 
infarction, or stroke by 8.9% versus 10.7% with placebo (p=0.008) 
without a significant increase in fatal bleeding especially with 2.5 
mg two-times a day dosing regimen [10]. We propose that such 
patients (with an increased thrombogenicity) should be further 
studied and characterized to further the personalization of the 
management of coronary artery disease. In conclusion, this case 
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highlights the role of coagulation pathways other than platelets in 
pathogenesis of ISR. Also, we propose using TEG to identify patients 
with a thrombogenic phenotype that puts them at a higher risk 
of thrombosis. Further clinical outcome studies with biomarker 
assessments as described above are needed.
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