
 

Risk of in-stent restenosis 
Assuming the patient has had recent percutaneous revascularization, how often does restenosis occur and 
how does it present?  Stent thrombosis is divided into four phases: 

• acute (<24 hrs);   subacute (24hrs – 30d post stent);   late (> 30d);    very late (> 12m).   

• The restenosis rate of BMS is around 20-40% overall.  The restenosis rate of DES is around 8% overall.  
Approx 60% occur within first 30d.  The peak incidence is at 3m.   

• An estimated 2% present with STEMI, 18% present with ACS. Tx of choice is repeat stenting – Kim, Card 
Ther, 2011; Kastrati, JAMA, 2005. 

Performance characteristics of tests (pooled estimates across studies) 

1. Define the disease 

© Lesselroth 2016 

Stratification is not easy and “rule outs” are never dull 

An Approach to the Problem Representation 

While the initial care of suspected ACS can be highly protocolled, application of a principled approach to risk 
estimation and long-term management requires an appreciation of the literature and a set of decision models.  The 
goals of this card are to 1) provide a quick reference to CAD mgt literature; 2) to provide the reader with a set of 
decision models for risk-benefit analysis; 3) to foster a structured, teachable, and reproducible approach to the 
stratification in the hospital setting.  The information herein is intended for the relatively stable hospitalized telemetry 
patient; not acute ER or cardiac care unit patients and not ambulatory patients.  Since every situation is unique, the 
best decisions are rarely found at the end of a flowchart, but rather at the intersection between medical evidence, 
patient values, and clinical context. 

 

Start by trying to attach a label since most studies are based upon specific 
inclusion criteria.   

Define the disease 
• Does this sound consistent with stable angina, unstable angina, supply-

demand mismatch, or an NSTEMI? 

What is the likelihood this represents ischemia? 
• Presuming the patient has some plaque burden, use available data to apply 

a probability score 

What is the estimated event risk? 
• Apply one of several validated scoring systems to apply an event risk (TIMI, 

GRACE) - this will dictate choice of stratification and setting of evaluation 

What available stratification options are available? 
• At the VA, your only real options are exercise treadmill, perfusion myoview, 

and angiography - the choice is very case dependent 

What are the opportunities to improve outcomes? 
• Stratification may only make sense if there are still real gains to be realized 

through some kind of revascularization - this depends upon the substrate 

Role of clopidogrel in UA/NSTEMI 
Studies show clopidogrel reduces combined outcomes by 20% over 12m in pts with UA/NSTEMI – CURE trial, 
Circulation, 2003. Pts with recent ACS or PCIS are indicated for clopidogrel for 12m – CURE trial, Circulation, 
2003; COMMIT trial, Lancet, 2005; CURRENT-OASIS trial, NEJM, 2010; Lincoff, Clev Clin J Med, 2014   

Why don’t we use it all the time? Pts that go to CABG should not be treated given the increased bleed risk.  The 
risk/benefit profile may also be less favorable for pts that have not clearly had an event (e.g., suspicion of UA) 
or have no significant obstruction. – Singh, Clev Clin J Med, 2014 

Medical therapy vs. pci stenting vs. bypass grafting 
In pts with stable angina and less severe disease (i.e., focal stenosis, distal stenosis of epicardial vessels, or 2V 
disease), there appears to be no difference (i.e., angina, events, death) between PCI and medical therapy 
(COURAGE, BARI 2D, FAME 2) – Weijaysandera, Ann Int Med, 2010; Stergiopoulos, JAMA Int Med, 2013; Sipahi, JAMA Int Med, 
2013; Katz, JAMA Int Med, 2013; Sherwood, JAMA Int Med, 2014 

For pts with stable or unstable angina and advanced disease (i.e., unprotected LM disease, 2 or more involved 
proximal epicardial vessels, or LV dysfunction) CABG is generally superior to PCIS in terms of mortality, repeat 
revascularization, acute MI, and stroke.  PCI is a reasonable alternative in isolated LM disease, low risk lesions (low 
SYNTAX scores) or high surgical risk – Deb, JAMA Sys Rev, 2013; Sipahi, JAMA IM, 2014; SYNTAX, Serruys, NEJM, 2009; 
Veerasamy, Card Rev, 2015; Seung, NEJM, 2008; PRECOMBAT Park, NEJM, 2011; LE MANS, Buszman, JACC, 2008; STICH, 
Velazquez, NEJM, 2011; Sherwood, JAMA, 2014 

The relative benefit of CABG over PCIS increases with advanced age (a calculated hazard ratio < 1 for pts > 59y) 
and a history of DM – Flather, JACC, 2012; FREEDOM, Farkouh, NEJM, 2012; CARDia, Kapur, JACC, 2010 

Studies enrolling pts with UA and NSTEMI suggest that pts in lower risk categories (e.g., UA, low TIMI scores 0-2, 
GRACE < 140) may be appropriate for aggressive medical therapy.  This may be because many of these pts 
presenting with “UA” actually have noncardiac CP – ICTUS trial, JACC, 2010; TIMACS trial, NEJM, 2009; Bagai, Circ Res, 
2014 

In pts with UA and NSTEMI and higher risk scores (TIMI 3-7 or GRACE > 140), contemporary era studies suggest 
outcomes (i.e., symptoms, events, deaths) are better with an early invasive strategy over a conservative strategy – 
TACTICS TIMI 18 trial, NEJM, 2001; TIMACS Mehta, JAMA, 2009; Choudhry, Am J Med, 2005; Fox, JACC, 2010; Bagai, Circ Res, 
2014 

In pts with multivessel disease and presenting with NSTEMI, although propensity matching suggests that PCIS pts 
experienced lower rates of stroke and MI (with similar mortality) compared to CABG, the CABG patients had lower 
rates of unplanned revascularization – ACUITY, Ben-Gal, JACC Card Interv, 2010; SYNTAX, Serryus, NEJM, 2009 

Diagnostic test Sens 
(%) 

Spec 
(%) 

Pos LR Neg LR No studies in 
meta-analysis 

ECG with ST changes, TWI, or Q 32 91 3.60 0.74 7 
Exercise treadmill (single / multi vessel) 68 / 94 77 3.57 0.34 132 
Chem myoperfus (single / multi vessel) 88 / 91 77 8.73 0.22 10 
Exercise echo (single / multi vessel) 72 / 92 88 7.94 0.19 6 
Dobutamine echo (single / multi vessel) 75 / 92 96 16.36 0.41 62 

 Garber, Ann Int Med, 1999; Banergee, Int J Clin Prac, 2012; Fanaroff, JAMA, 2015; Geleijnse, JASE, 2009; Kim, Am J Heart, 2001 

• Regarding prognostication, a low risk ECG treadmill (>4) carries a 5y cardiac survival > 97% -- Shaw, Circ, 1998 

• A “negative” myoview carries annual cardiac event rate of 1% and cardiac death rate 0.9% -- Iqbal, JACC, 2012 



 

 

2. Estimate pre-test probability this is ischemia 
This is often the most difficult step.  While clinician judgment may be sufficient, try to assign a 
pre-test likelihood using known prevalence rates and predictive descriptive statistics.  This 
information is used to calculate the probability that the patient presentation is a 
manifestation of stable plaques or unstable occlusion given the probability that patient  
has a significant burden of disease.  Bayes Theorem is used for conditional probability 
    
P(ischemia | obstruction) = P(obstruction | ischemia) x P(ischemia) 

    P(obstruction) 
 
P(this is it) =    (CASS or D&F estimates*) x (your estimate of ischemia**) 

     Base rate of obstructive CAD in this cohort 
    
 

3. Presuming ischemia, what is the event risk? 

• An attribute-matching algorithm for acute coronary syndrome, which tends to perform better than clinician gestalt can be 
found online at http://pretestconsult.com/v21/acs 

• The Thrombolysis in Myocardial Infarction (TIMI) risk score was derived from NSTEMI patients in the TIMI-11B trial.  It 
can be used to predict composite endpoints at 14 days. 

• The Global Registry of Acute Coronary Events (GRACE) score was derived from a large multinational registry of patients 
with ACS to predict composite endpoints in hospital and at 6m. 

• The HEART Event Risk score was developed to predict 6 week cardiac event rate in an undifferentiated emergency 
department population.—Backus, Curr Card Rev, 2011; Melki, Crit Path Card, 2013 

• The National Institute for Health and Care Excellence (NICE) Guideline Development Group found the GRACE score 
was superior to other scoring systems. – Henderson, Clin Med, 2013 

 

An event risk rate (assuming this is the “real thing”) can be calculated using one 
of several validated scores. Factors typically associated with increased risk 
include advanced age, raised heart rate, low blood pressure, ECG abnormalities, 
elevated serum biomarkers, arrhythmia, impaired LV function, impaired renal 
function, anemia, peripheral vascular disease, and DM  

4. Would the patient benefit from stratification? 
This is the step that requires the clinician to estimate what benefits – if any – can be realized through either prognostication or an 
assessment of coronary anatomy.  If the patient is not expected to benefit from percutaneous revascularization or bypass 
grafting, then it may be reasonable to forego any additional testing.  Study data on back page can help with decision making.   

5. What stratification choice makes sense?  Is a conservative 
or early invasive strategy warranted? 
Randomized trials have compared “early invasive” vs. “initial conservative” strategies in the management of 
UA/NSTEMI; most studies in contemporary era report improved outcomes with an invasive strategy.  Rates 
of recurrent angina and hospitalization tend to be reduced in an early invasive approach – TACTICS TIMI 
18 trial, NEJM, 2001; ICTUS trial, JACC, 2010; CRUSADE Quality Improvement Initiative, JAMA, 2004  
 
When stratified by risk, higher risk patients (e.g, TIMI scores >2 and GRACE scores > 140, HEART 5-10) 
significantly benefit from early intervention – TIMACS trial, NEJM, 2009.  Pts with positive biomarkers and 
ECG changes almost always have plaque rupture, thrombosis, and vascular inflammation.  These pts 
should receive a cath with a goal of proceeding to PCIS.  Since angiography is not without risk, it is 
acceptable to use an initial conservative strategy and intensive medical therapy for patients that are lower 
risk (e.g., no EKG changes, negative biomarkers, intermediate probability, TIMI 0-2, GRACE < 108, 
HEART < 5) or for patients where a negative provocative test would sufficiently reduce post-test probability 
– ACC/AHA Guidelines for UA/NSTEMI, JACC, 2007; Bagai, Circ Res, 2014; Bates, ACP J Club, 2005 

6. When and where do you stratify? 
The ACC/AHA suggests the standard-of-care requires 
stratification where indicated within 72 hours of patient 
identification.  

• What is the event risk score?  If low, consider early 
outpatient stratification.  Otherwise, stratify patient 
in-house. 

• What is the likelihood you can get a study done 
within 2-3 calendar days? Again, there is 
considerable value to expediting care through in-
house testing or engagement of cardiology consult. 

Risk of plaque 
fissure or rupture 
Sadly, vulnerability of a coronary 
plaque may not correlate with the 
severity of stenosis before rupture.  
Angiographic studies suggest that 
medium size plaques (30-40%) may 
be more likely to rupture than larger 
ones. – Lincoff, Clev Clinic, 2014 

 Diamond and Forrester (NEJM, 1979) and the Coronary Artery Surgery Study (CASS) have published the 
stimated rates of obstructive disease based upon clinical presentation.  (Table with combined data % prob). 
 
 
 
 
 
 
 
** History and physical features are “tests” in that they can modify probability estimates of obstructive CAD.  For 
a comprehensive review, see Bruyninckx (Br J Gen Prac, 2008) and Panju (JAMA, 1998).   
 
To summarize…  
• oppressive CP, diaphoresis, exertional pain, and UE pain all tend to increase likelihood significantly (LR+ 

around 2.53 – 6.54).  Reproducible CP, burning, and purely pleuritic CP tend to reduce likelihood (LR- 
around 0.15 – 1.0) – Fanaroff, JAMA, 2015 

• CP lasting 2-10 minutes is consistent with angina; pain lasting 10-30 minutes suggests UA; pain longer than 
30 minutes is either infarct or non-ischemic – Chun, Am J Med, 2004; Swap, JAMA, 2005.  

• TIMI 0-1 or HEART 0-3 (LR- 0.2-0.3), whereas TIMI 3-4 or HEART 5-6 (LR+ 2.4) 

 Non-anginal CP Atypical angina Typical angina 
Age (yr) Men Women Men Women Men Women 
30-39 4 2 34 12 76 26 
40-49 13 3 51 22 87 55 
50-59 20 7 65 31 93 73 
60-69 27 14 72 51 94 86 
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