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Risk Stratification in the Patient with Non ST Segment Elevation Acute

Coronary Syndrome

JOSE ESCABI-MENDOZA, MD, FACC, CCU; CLAUDIA ROSALES-ALVAREZ, MD

Patients hospitalized with unsiable angina (LA} or
with a non-ST segment elevation myocardial infarct
(NSTEMI) are at increased risk of suffering refractory
angina, recurrent myocardial infarct (MI). and death.
These patienis need 1o be evaluated more aggressively.

ing to the last published guidelines (2002) of
UA/NSTEMI by the ACC/AHA Task Force, these
patients should be categorized in a risk scale as: low,
intermediate or high. This should be done in the initial
evaluation, which includes: medical history, physical
exam, an electrocardiogram (ECG) and cardiac

markers. The TIMI risk score should also be used as
complementary in this risk assessment.

High risk patients, without contraindications, should
be managed more aggressively with coronary
angiography. On the other end, low risk patients, and
some intermediate, may be evaluated maore
conservatively with early non-invasive studies for
furiher assessment of ischemia and prognosis.

Key words: Unsrable angina. Non-5T segment
elevation myocardial infarct, Kisk stracification,
Coronary angiography, Siress testing, Candiac markers

cart discase remains the leading cause of death
in the United Saates (LS) with absoun 700,000 cases

reparted in 2002, mainly related 1o coronary anery
disease (CAD) (1)

Approximarely 8 million patients present yearly to the
emergency departments { EDY with ehest pain complaints
in the United States {2). O these, five million are imitially
Judged 1o have a suspected ACS and are admitted 1o the
hospital, Less than half of these patients ane ultimately
discharged with o final diagnosis of a true coronary
process, This would scem to suggest a more passive and
conservative (overprotective) approach in the cane of
paticnts presenting with non-traumatic chest pain. The
cost for these negative cardisc evaluations has been
estimated 10 be 56 billion in the US cach year, On the oiber
Teand, chose 10 1% of the patieats (40,000) initially evaluated
and discharged from the ED with an apparent nen-cardiac
chest pain will ultimately have an acwe M1 This of course
not only has a negative consequence 1o the patient, but i
can also results in possible malpractice liability. Both
extremes ane negative and reflect the remaining unsolved
challenges still present for the diagnosis of ACS and for
the implementation and adherence of better risk
stratification tools and strategies.
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ACS mostly resulis from a destabilization of & coronary
plague, which eventually leads to plateler activation,
aggregation and thrembus fermation. The end resalt will
depend according to the severity and the balance between
this thrombaotic process and the opposing fibrinolytic
endogenous response. This presentation may be viewed
% i spectrum of severity from its most benign presentation
of unstable angina, from a sub-occlusive stenosis, (o ils
muost gevere consequence of sudden cardiac death (SCIY)
mostly related 1o an occlusive thrombus,

Clinical spectrum of ACS:
1. Unstable Angina (LA)
2. Non-5T segment elevation M1 (NSTEMI)
3. 5T segment elevation M1 (STEMI)
4. Sudden Cardiac Death

It 5 imporiant to recogneee that this patient 15 at constant
risk of evolving along this spectrum, such as, from UA o
STEMI, and should be monitored closely during the initial
2448 hrs, Immmediate determination of an scute STEMI or
new LBBEB in the setting of a clinical ACS is eritical for
carly reperfusion therapy, either with primary percuiancoas
coronary intervention (PC1) or fibrinolytic therapy, different
1o the patient with LA or NSTEML

Fundamentally, this terminology has evolved along
clinical lines based upon this divergence in therapeutic
approach o STEMI versus NSTE-ACS (LA and NSTEMI)
based on the presenting ECG, Unstable angina and
WSTEMI are considered to be closely related conditions,
shiring a common pathogencsis and clinical presentation
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but differing in severity, Both are principally mediated by
the formation of an arterial “whiie™ thrombus, composed
of platelets and fibrin, This thrombotic lesion may progress
to o partial or subtotal obstruction of the artery, reducing
distal coronary flow and leading to myocardial ischemia
NSTEMI may resuli from a sustained ischemia for more
than 20-30 minutes, or from thromboembolic events down
stream resulting in occlusion of distal vascular bed and
myocardial necrosis. NSTEMI is then confinmed by the
elevation of cardise biomarkers of neerosiz, On the other
hand, UA is favored in the presence of a similar climcal
picture but in absence of biomarker elevation.

UA is defined as angina pectoris or equivalent
symptoms with at least one of the following three
characteristics:

1y Resting chest pain (or at minimal effon) morne
frequent or sustained, usually lasting more than
20min,

2y Mew onsct of exertion angina in the preceding 2
manths, of at least Class 3 of the Canadian
Cardiovascular Society Classification (CCSC, see
twhlel ).

3 Acceleration of preexisting angina in the
preceding two months, 1o at least a CCSC 1L

The namral history of an
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Table 1. Angina Classification according 1o the Canadion
Cardiovascular Socicty

Cllias Activity that provokes angina  Activity Limiiation

I Prolonged exertion None

1] Walking = 2 blocks Mild

i Walking < 2 blocks Moderare
{ordinary activity)

4% Mimimal effort or ab rest Severe

affter 30-days was higher in the NSTEM| group compared
with the LA group, 7.5% vs. 4.8% respectively (p=0.001),

Risk Analysis

Risk analyvsis should begin immediately upon arrival of
the patient 1o the ED, o decide further therapy and care.
This consists of assessing the likelihood of CAD and the
risk of suffering an adverse cardizc outcome. The last
includes death, new or recurrent MI, recurrent LA, or
refractory angina thar requires hospitalization and'or
urgent coromary revascularization. According to the last
published guidelines (2002} of UANSTEMI by the AHAS
ACC Task Force (4), 1hese patients should be categonzed
inarisk scale as: low, imtermediate or high {Table 2.

evolving NETE-ACS  Table 2, Short-Term Risk of Death or Nonfual Myocardial Infarction in patients with

consists of a stabilization of WA/NSTEMI

the ﬂﬂl?nﬂr;’mpli?::d:llh Features High Iniermerdiate Low

M:lm‘ma. i: f ;:w Al least ong Without high risk Without high or

R o this charscteristics imgrmedinie risk

lesion into a chronic more & characteristics & the

stable plague, versus a ome of the felowing: following:

mgﬂ“?c Byiutcn w'tll! ”T"'. History Waorsemng symploms, Prior M1 CABLG

potential o worsen ""'_"h'“" les than 4% howrs from POLL PYVE or

the ahove described prescilation. cerelmovasculsr Jdisease

spectnum o STEMI or death,

These adverse events Character  Prolonged chest pain Prolonged chess pain (=3min)  Angina that increased in
i - of pain of = 20 minuies and al at rest, but mesolved, Amging frequency, seveniy, or

usually occur within the first restAge > 75, {<20min) that resolved with  duration, Lower threshold,

4-6 weeks of the presenting ST or st bt not ab resl.

event, The reported 30-day

rick of death 12 between 2= Clindeal Angina with CHF Mg CHF Mo CHF

7% Inthe GUSTO I1-b(3) findings  findings: 53, males,

the 30-day mortality was :"w':ﬂl.::: bl

higher in the NSTEMI group

compared to the UA group, ECG Transatoey changes of T wave |mversions =0.2mV, Mormal withowt ST

5. 7% vs, 2.4% respectively
{p=0.001). This difference
wits also sustaned after one
vear with 11.1% vs. 7%
respectively (p=0.001 ). Also,
the imcidence of a new
infarction or re-infarction

5T = 05mV, new
LEBE or YTach

ar old M1 {0 waves) segmenl changes.

Mild cTn elevation
{not dragnosiic of M)

Cariar
markers

Marked ¢ T elevation Wormal

LiA= insable sngns,  MNSTEM|=Non 5T HHH'IHII ﬂn'luu myocsdial infarct  MHE= mitral regurgitaiion,

LU=k baulle Branch blick, V1= A CHF peilive Bear! lonkere  cTnscanhs hoponia
"Rk of advene candisc ovend (enstahle angina, no EI'I.II ME, urpesd corgnary revasculsuration, and dieaihh

Acapied (o the ACCANA poidelines for LANSTENMI, 2002
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This initial nsk assessment will determine how
aggressive will the therapy be regarding the use of
glycoprotein [lb-11a inhibitors, closer imtensive care
monitoring and carly invasive coronary angiography
versus & more conservative care with i non-invasive
evaluation of schemin, The majority of patients with an
intermediate rsk may be admitted to the telemetry ward,
while the patient of high risk should be hospitalized to an
inlensive care unit. On the other hand, the low risk patient,
with 2 normal or non-diagnostic initial ECG and with
negative cardine markers, should remain in observation
for at least 8-12 hours, During this period, if the paticnts
clinical condition does not deteriorate and hiz subscquent
ECG and cardise markers remain negative, then the patient
may be evalunted carly with a regular treadmill stress test
or i pharmacologic stress test for the diagnosis of ischemia
and risk stratification (Figure 1). Siress tesling patients

Figure 1. Mon-invasive Evalustion of the Patient with Unstable Angina with

Low to Intermediate Shori-Term Risk

Rk Sreaiificasson in NSTE-ACS
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Cardiac catheterization is the diagnostic test of choice
for CAD. However this test is invasive and has potentiol
risks for the patient, besides added costs that should be
properly weighed before using indiscriminately. It has
been reported that upon evaluating patients with
admission dingnosis of UA with coronary angiography,
0% 1o 20% have normal coronary arferies or insignificant
CAD. Meanwhile, about 20-25%, have three-vessel CAD
and between 5= 10%% have left main (LM) stenosis. For this
reason, coronary angiography should be considered in
high risk patients {and in some intermediate risk) to
determine the seventy of CAD and possible benefit from
further percutancous or surgical coronary mtervention.
The patients considered low 1o intermedinte risk (Figure
Iy should be evaluated non-invasively with either an
exercise stress test or a pharmacologic stress with
complementary cardiae images w further supplement on
this risk analysis. There are multiple non-
invasive tests available that vary on there
predictive valee, availability and costs, The

| Possibile to Defindie Non STEMI ACS

optimal study will also depend on each
patient. The most important determinants for

test selection include: the pre-test

+
*Low-Imermedeare Risk: \

Siress Test Evaluation

High Rk
Features

probability of having CAD, the baseline ECG

Ny

and the patient’s capacity for walking on the

I x tresdmill. The predictive value of these wsis
Acdlmit, ireal T
Confoundisg 100 with baseline chanpes: [ ] and how 1o select between them will be
| % L, poing e, WIW, LV "l CATH  discussed ahead.
o e
¥15 [ Capable of Walling | sus vis | Copuble of Walking | 50 ’
Tresdmill Swess EOG | (Famsacologic Siress Tresdmill Strew Faamacologe Srew Clinical Chﬂmtﬁﬂstiﬁ
uith liiagng sl |aping ECG with lmaging
R bl Muclen A good tool for risk stratifying the patient
N\ N, (with UA) according to the medical history
(| m! (] B O =] O is the Bruunwald classification (see Table
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categorized as low risk his been reporied to be safie (3-7),
Thee patients with a negative stress west may be discharged
from the EI with a close follow-up in outpatient clinics,
The negative predictive value for adverse cardiac events
with this test is high, Amsterdam and his colleagoes (5)
found that only one patient out of a total of 582 with
negative stress tests suffered from a non fatal MI, versus
16 {adverse events) out of | 14 patients with positive stress
1ests for ischemin. The patienis with positive siness test
for ischemin should remain hospitalized for a more
thorough evaluation, including coronany angiography if
favorned.
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3}, This classification scparates the patient
according to three eriteria: 1) sevenity of
symptoms, 2) clinical circumstance and 3)
treatment intensity. Seventy is graded from
[ wo 1, according 10 presence of resting
angina and evoluwtion of symploms. Class
11l corresponds to resting angina of less than 48 hours of
evolution. Meanwhile angina post-M1, CC5 = 3 of less
than 2 weeks from the évent, is the elinical eircumsiance
of highest risk, This last was observed in the TIML 11
registry of patients presenting with non-STEMI ACS,
where the risk of non-fatal M1 or death in 42 days was
higher in patienis with angina post-M|, followed by resting
angina, compared 10 those with nof-resting angina; 18.4%,
4.2% and 1.4% of events respectively (6-8). Other
independent predictors included age, male sex,
hyperension, and the use of maximal anti-angina medical
therapy (8). Refactory anging has also been associated
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Table 3. Braunwald Classification of Unstable Angina

Severity of symproas:

Class 1 : New-onsel, severe, of accclersied amgina. Mot ab rest
Clags 2 : Besting angina. Mot in the preceding 48hes (subacule).
Class 5 : Resting angina in the precedimg 48 b

Clinical Circumsiances:

Class & Socomdary unstable angina- extrinsic condition with
fined stable CAD (ex. amemia, fever, hypoxemia,
hypotension, tachycardia, elc.)

Class B Primary wnstable anging

Class T Prostemifnrcivon UA {within 2 whs)

Treatment intensiiy:

I, Absence of treatment or minimal

1. Uecurring in presence of siandard therapy (x3).

Y. Owcurring despite maximally wnlerased doses of wripde
therapy

with o worse prognosis. This was observed in a sub-
analysis by Armstrong (9) from the GUSTO [1-b, with a
25.4% of M1 in paticnts with refractory anging, compared
to 9. 2% i patients with non-refractory angina and 2.6% i
the group withoul angina recurrence. The one vear
momality was also significantly higher with 20% versus
9.5% in those without refractory anging. Other patients
that have proved to be at a higher risk from suffering
further adverse cordine events include: diabetes mellits,
peripheral vascular discase, and heart failure (Killip =2)
(10-13)

Electrocardiogram

In UA the ECG may presemt with 5T segment
depressions, trnsient ST segment elevations andior T
wave inversions in 30-50% of the cases, depending on the
severity of the clinical presentation { 14-15). Pop and his
colleagues reported thar 15% of the panents with scute
Ml and 25% of those with UA have non-dingnostic ECGs
{16} lis utility increases ifit is done while the patient s
ongoing chest pain. This presenting ECG also has a short
and long term prognostic value. Analysis of the GUSTO
[I-b revealed thar the patients with ACS had differemt
martality rtes (at 6 months) according to the ECG findings:
3.3% in those with only T wave inversions, 6.7% in those
with ST scgment clevations (ireated with fibrinolyiics)
and 8.8% in those with 8T seegment depressions (15). Even
though the patiemts with 8T segment elevations had a
higher carly mortality this was surpassed by ST sepment
depressions on the longer ran. Further findings from the
TIMI I Registry have included LBBB and 5T segment
depressions of = 0.05 mV as independent predictors for
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the development of death or M1 at one year, 22% in those
with LBBB and 11%s in those with 5T segment depression
(0001 ) (14), The nisk related 10 5T segment depression
increases according to the magnitude of depression (17,
I8}

An ECG substudy form the FRISC 11, revealed that the
presence of ST segment depression was also related
angiographically o worse CAD (three-vessel CAD and
LM stenosis), found in 45% in those with 5T sepment
depression compared to 22% in those without (19], T wave
depressions are sensitive for ischemia assessment, but
are less specific, unless they are pronounced {2 0.3mV),

Cardiac Markers

Thi most sensitive and specific cardine markers for the
detection of M1 are the cardiac troponins: either cardiac
troponin T (cTnT ) or the cardiac troponin [ (cTnl). These
proteins may be detected within the first 3-4 hours of
myoeardial necrosis, lis sensiivity is close 1o 1% within
3-12 hours form the beginning of the clinical syndrome.

In addition to s diagnoste wility for myocardial
necrosis it also has proved to have short and long range
progmostic valse in patients presenting with non-STE ACS,
This was proved in a meta-analysis (200 of a total of 13
studics with mon-5TE ACS in which cardiac troponin (T or
1) were associated o higher moriality, with 6.4% in those
with positive woponin compared to 1.9% in those with
negitive troponin (RR=3.9). The grade of troponin
clevation has alse been correlated with higher nsk of
mortality (21), even with values lower than reguired for
dingnosis of M1 or with normal Ck-MIB.

Recent investigations have indicied that increases of
bicamarkers upstream from bomarkers of necrosis (cardiac
tropaning) may provide carlier assessment of overall patiem
risk and aid in demifyving patients with higher risk of an
didverse curdiae event,

Some of these upstream biomarkers identified and under
consideration include: inflammatory cyiokines, cellular
adhesion molecules, acule-phase reactanis, plague
destabilization and rupture biomarkers, biomarkers of
ischemia and myocardial stretch,

B-type natriurctic peptide {BNP) is a neurchormone that
is produced in the cardinc vemricular muscle usually
related o muscle stretch as with chamber dilatation or
pressure overload that correlates with presence of heart
farlure and vemricular dysfunciion. It has also proved 1o
be a useful independent predictor for risk stratilving
paticnts that present with an ACS (22). BNP was found 10
correlate with the risks of death, M1 recurrence and heart
fxilure. lts capacity 1o sk stetify was univiersal for all the
prezenting subsets: UA, NSTEMI and STEMI.



PRIESE Vol 34 Mo 4
Dheprmabed, 2HEY

Inflammatory markers such as the highly sensitive C-
reactive protein (hs-CRPF) (23 ) and the CD-40L (24) have
been found to comrelate with increase nisk of adverse cardiac
events in patients presenting with ACS. However, there is
still debate if this is only a marker of the vascular
inflammation or if they are directly responsible for
medinting plague instability. CRP elevation has been
found to correlate with increase cardiac risk in patients
with stable and unstable angina, but not with acute M1 In
this last group the CRIP may increase related to the
inflammatory process resulting from the myocardial
necrosis 45 an pcute phase resctant.

The combination of these markers in 8 punciuation
system has also been shown 1o add predictive value.
Sabatine and his collaborators (25) evaluated the 30-day
mortality nsk associated 10 the presence of positive of
abnormmal roponin-I, CRP and BMP. They found that the
relative nsk (RR) increased with the punciuation score,
Upon analyzing this score in the TACTICS TIMI-18 the
RR of 30-day mortality increased from 1 in the O-points
group, o 2.1 in the 1-point group, 5.7 in the 2-point group,
and 13 in the 3-point group (F< 001}

In fact this multimarker strtegy has been broaden even
mare by Marrow and Brounwald (26), were they suggested
to measure 5 independent adverse markers that include:
myocardizl necrosis with cardiac troponing hemodynamic
alteration with BN (and likely indirectly with CHF upon
physical exam); inflammation with CRP or CD-40L;
pceclerated atherosclerosis with insulin resistance
measured by alered fasting blood sugar or glveosilated
hemoglobin; and vascular damage assessed by
microtbuminuria. [t is likely that in o near future we might
bz wsing & multemarker punciustion sk score with specially
designed poimt of cane kit for casy and faster measunng
of these markers for cardioc risk assessment,

Anober imporant viriable wo add 1w this multimarker
sirategy is the presence of ongoing ischemia. The
conventionsl method for detcetion of ischemin is by
evidence of dyvnamic 5T segmem changes on ECG or
evidence ol a new wall motion abnormality by
echocardiography or perfision defect by nuclear imaging,
Another promising test for indirect assessment of
myocardial schemia is the evaluation of schemin modificd
albumin (IMAL The presence of ischemia afTects the ability
of the N-termiinal region of human albumin to bind cobalt.
This may be measured after & set amount of cobalt is
injected to the patient and fnally assessing the amount of
unbound cobalt through colorimetric essavs. This test
was recently approved by the Food and Drug
Administration (FDA) Tor the disgnosis of ischemia
specifically related to ACS. It has the advantage of
providing carly positive results and before the elevation

Lry )
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of cardinc markers from myonecrosis. This assay is
reported positive within minutes of ischemia and remains
so for up 1o several hours later, allowing detection before
the development of myocardial necrosis (as evidenced by
normal levels of ereatinine kinase isoenzyme [CR-MB] and
troponin), This improved ability to detect ischemin before
myoeyte destruction would allow for earlier and more
accurale management decisions for patients suspected of
having an ACS with initial negative ECG and troponin
test.

The individual and combined sensitvity of IMA with
ECG and ¢Tn was assessed by Sinha and collabomtors
{271, upon evaluating a total of 208 patients that presented
to the ED within three hours of acute chest pain. In the
whole paticnt group, the sensitivity ofTMA at presentation
for an ischemic ongin of cheat pain was 82%, compared
with 45% of ECG and 20% of ¢ TnT. IMA wsed together
with €Tl or ECG had o gensitivity of 90k and 92%,
respectively, while all three components present had a
95% sensitivity. In a broader meta-analysis conducted by
Peacock and his collaborators (28), a wial of 1613 patienis
that were evaluated with IMA, ECG and ¢Tn within 3 hour
of chest pain presentation. This triple test was positive il
any single test was positive, and negative iF all 3 were
negative. The reported sensitivity and negative predictive
vailue for an ACS diagnosis was 95% and 97% respectively.
From this meta-analysis a total 1,197 patients had o 6mao
follow-up reponed. The sensitivity and negative predict
value assessed for follow-up adverse outcomes was 87%
and 24% respectively, For this reason it may help male-out
an ACS when the initinl ECG and troponin test are negative
amd the clinical presemiation is atypical or of mixed
charaeierisiics in the presence of low levels of frec cobali,
This negativie triple test miay allow early dispasition, rather
than a prolonged ACS evalustion inthe ED or as inpatient.

TIMI Risk Score

There are different known schemes for predicting
adverse cardiae nisk according to a punciuation scale, The
maost renown 5 the TIMI fisk score created by Antman
(269 from a multivanate analysis of patients with non-STE
ACS (TIMI-118). This punctuation svstem was designed
toe predict the risk of death, non-fatal M1 or urgent
revascularzation within 14 days of presentation, The seven
independent predictors were: 1) age = 65 years, 2) the
presence of at least three risk factors for CAD (dinbetes
mellins, hypertension, hyperhipidemin, smoking or fanuly
history of premature C ALY, 3) prior coronary angiography
with a known coronary stenosis of >30%, 4) use of aspinn
within the T preceding days form the clinical presentation,
5) ot least two angina events in less than 24 hours, &) ECG
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ST segment deviation of > 0.05mY, and 7) increase of
cardiac markers.

The percent of candiac endpoints increased with the
TIMI score puncluation: 4.7% fora punctuation of O or 1.
8.3% for2, 13.2% for 3, 19.9%% ford, 26.2%; for 5, and 40.9%
for a score of 6 or 7, This punctuation system has also
been validated in other three clinical studics: the ESSENCE
(30, PRISM-PLUS (21) and TACTICS TIMI-18 (32). In
these trials of non-5TE ACS the TIMI ask score proved 1o
help assess the benefit of more aggressive anticoagulant
thempy such as low moleoulnr weight heparin, GP HbA1a
receptor inhibitors and an invasive coronary evaluation
strategy (respectively) with the increase of the score.

Conservative Strategy versus Invasive
Evaluation

The conservative strategy, or guided by ischemia,
implics an optimization of the medical therapy duning a
phase of observation or “cooling” from the acute coronary
process. [T during this period of time the patient remaing
free of angina, without complications or without ligh risk
criteria {deseribed ahead) then we may proceed with this
conservative approach of evaluation with a non-invasive
stress test (prefernbly as inpatient). 17 the patient clinically
deteriorates or the stress test results positive for ischemia,
then further evaluation with coronary angiography may
be contemplated. The advantage of this approach is that
it helps to limit excessive use of cardiac cathetertaation
and possibly unnecessary reviscularization, costs and
complications associated.

Thi invasive stratepy consists of an early evaluation
with enrdiae catheterization with the intention 1o wWentify
severe CAD that may benefit from sooner surgical or
percutaneous intervention. The extent of CAD has known
to howe prognostic value. For this reason CAD has been
classified as: single-vessel disease, two-vessel disease,
three-vesse| disease and LM disease. In the CASS registry
of medically treated patients, the 12-vear survival rate of
patients with nommal coronary artenies was %1% compared
with 74% for those with one-vessel disense, 59% for those
with twoevessel discase, and 40% for those with three-
vessel disease (p less than 0.001) {331, Another
angiographic finding suggestive of higher risk are those
supgestive of plaque instability, such as with evidence of
an ulcerated plague. thrombus, irregular borders or
dissection. However, the severity of lesions is not
predictive of plaque stability; two thirds of panents with
aciite Ml have less than $0% diameter stenosis at the site
of plague rupture before ML Another known limitation
with coronary angiography is that it is known 1o
underestimate plague burden, possibly because of vascular

Risk Sirtificaseon in NETE-ACS
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remodeling and the diffuse nature of the disease in some
cases, Adjunctive usce of intravascular ulimsonography
has been recommended to facilitate further investigation
of iy lesions on coronary angiography that may resule
from calcium, thrombus, severe eccentnic lesion, or
diszection.

Some of the madomized tnals that have proved benefit
from this invasive strategy include: TIMI IHEB, FRISC I1,
RITA 3, and the TACTICS-TIMI 18 (4). The patients that
benefited the most from siright catheterization were the
patients with 5T segment depression on the ERG and/or
tlose with cardine troponin elevation, In the FRISC 11, the
patients managed with invasive therapy had a significan
reduction in death and MI (13.2% versus 22.1%). While
the patients in the TACTICS-TIMI 18 the benefit from a
reduction in deah, Ml or re-hospitalization from ACS was
19.5% versus 15.9% in & months (p=0.025).

As mentioned previously, coronary angiography is the
study of choice in patients with refractory angina or high
risk criteria ( Table 2) for the development of adverse cardine
outcomes, as recommended by the ACC/AHA 2002
guidelines (4), Some of these high risk fentures include:
age =75 years; resting chest pain of more than 20 minutes
duration; physical exam with CHF findings, hypotension
or new mitral regurgitation associated with chest paing
EKG with dynamic 5T sepment changes or ventricular
tachyvearding or the elevation of cardine markers ( troponin),
Other indicators of high nsk that benefit from straight
invasive evaluation include: a TIMI score 25, lef
ventricular systolic dvsfunction of <40%., a percutaneous
coronary intervention in less than & mo, prior coronary
bypass surgery, or the presence of high risk feature on o
NON-INVasIive siress test.

Another important aspect of this nsk analvsiz = tha
reloted to possible complications from the cardiac
catheterization or from subsequent coronary intervention,
The final decision should include imo consideration the
patient’s comorbiditics and his preferences. Particularly il
e 15 of achvanced age, fragile. has active cancer or tenminal
disease, or 15 considered inoperable. The comorbidities
knowmn to be associated to merease nsk with this invasive
approach inelude: presence of peripheral vascular disease,
renal insufficiency, severe left ventricular systolic
dysfunction, decompensiuted CHF, severe obstructive lung
discase or known dye allergy. Also, if the coronary
anatomy s already known to be severe or not amenable
for intervention, then the conservative approach should
be favored.

C AL is significant when we find obstructive lesions of
=Tl stenosis of the lumen dizmeter of the principal
anenies (befl antenor descendimg-LAD, the circumflex-LCX,
orf the right coronary anery-RCA) or =50% stenosis of the
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left main (LM) coronary artery. The revascilarization
aption will depend on the extension of the CAD, type of
lestons, distal targets, presence of ischemia and viability,
In general, Tor those with symplomatic single vessel CAD
of appropriate characlenistics o perculancois coronary
intervention {PCH) is recommended. Multivessel PCI
{compared 1o bypass surgery) may be an option if the
patient is not diabetic and the lesions are considered
appropriate for intervention. The use of bare metal stents
has known 1o decrease the frequency of restenosis, but
still, it is associated with the need for subsequent
interventions without dilference in survival when
compared to bypass surgery. However, there is no duta
comparing the use of drug eluted stents with anti-
profiferating agents (known to have a significant lower
rate of restenosis) with that of bypass surgery, Whereas,
coronary anery bypass surgery (CABG]) is the treatment
of choice in patients with LM stenosis (=50%6), CAD with
3 vessel disease (250%), or 2 vessel discase ol there 15
proximal LAD stenasis of =70%, prodominantly in view of
its known long term mortality reduction besides the benefit
of symptom (anginn) reduction, compared to medical
therapy (34). These benelis are most notable in paticnts
with worse left ventricular function andior with severity
of ischemin

MNon-Invasive Evaluation of Ischemia

The selection of a non-mvasive evitluation for ischenia
15 fundamentally based in the patient characterstics, his
pre-test probability 1o have CAID, his capacity o walk on
a tresdmill, his baseline ECG and the local availability and
capacity for interpretation of these tests. The stress test
oprinns vary regarding its diagnostic capacity (sensitivity,
specificity and predictive value). They also vary according
to prognostic value, costs and inter-observer variability,
The non-inviasive studies may be classified according 1o
the type of CAD that it pretends w detect: anatomic
information of CAD, reversible myocardial ischemia, or an
old M1, These tests may be subdivided according to their
method of detecting ischomin (ECG changes, perfusion
defects or wall motion abnommalitkes ) and the methed used
to induce ischemia (exercise or pharmacologic stress). The
grade of ischemia may also be estimated semi-
quanntatively by each of these methods, With exercise
stress test schemia may be diagnosed by the development
of 5T segment depressions on ECG, however, they do not
necessanly localize the tschemic termitory, While the
presentation of 5T segment elevations dunng stress ECG
docs localize the ischemic temritory, however it oceurs
infrequently and usually correlates with eritical high-grade
lesions or thit related to coronary spasm, On the other
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hand the use of cardiae tmages, localize the ischemic
territory, demonstrated by perfision defects (with nuclear
images) of with regional contractility altersitions (with
echocardiography), lschemia on multiple vascular
territories usually implics a worse prognosis and the
possible benefit from a more aggressive management
including the use of coronary angiography, The presence
of an old M1 i5 a very specific dingnostic marker for
presence of CAD. This may be sugpested or confinmed
by: 1) evidence of & pathologic () waves, of more than
40ms in more than 2 eontiguous ECG derivations ai rest, 2)
by the presence of o segmental deercase or absence of
will motion contractility (seen by echocardiography,
magnetic resonance imaging [MRI], contrast
ventriculogrophy or neclear gated images), or 3) by the
presence of a fixed myocardial perfusion defect with nuclear
nages,

In summary, the diagnostic pnd prognostic non-invasive
tests available Tor the asscssment of ischemia are the
following:

* Regular stress test with ECG

* Regular stress test with ECG combined wiath
ancillary cardine imaging studies (nuclear or
echocardiographic).
Pharmacologic “stress test” with ECG combined
with ancillory cardiae imaging stechies {nuclear or
echocardiographic).
Cardhae magnetie resominee imaging and clectron
beam compuied tomogeaphy (still 1n evalution and
nol discussed in this aricle)

Table 4 illustrates the diffenent indivicdual fctors 1o take
in to consideration for the selection of the appropriate
non-invasive evaluation for the diagnosis of myocandial
ischemin

Pre-test Probability of CAD

The initial estimation of CAD probability based on the
clinical history determines the need for additional
dingnostic tests. This estumation 15 known as the pre-test
probability and may be viewed as prevalence, When a
dingnostic test is done, the sensitivity and the specificiny
should be combincd with the pre-test risk 1o determine the
probubility of ischemia posi-test. For patients with a high
pre-test probability, a positive test is highly predictive of
ischemia, but a negative test does not exelude CAD. On
the other extreme, in the patient with a low pre-test
probability, a positive test is possible to represent a false
positive result, However, if the test is negative, this result
is highly predictive of absence of CAD. In summary, the
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Table 4. Deciding the Optimal Siress Test fo Use

Treadmill Echa Thallium  Sestamibi

Gioal af 1w

= LYEF Mo Yes Mo Yes
- Screening lesl Yies Yes Yes Yes
= Low cost desined Yes Fair Mo Mo
- Fost M1 wiability Mo Yes Mo Yes
Patient factors:

= Crbesity Yes Yes Mo Yes
= Female Mo Yes =] Yes
= Large chesi Yes N Yes* Yes®
= COFD Mo Yes Yes Yies
- Uncontrolled HTH Mo Yes s Yes
ECG factor

- LERR Mo N Yes Yes
- Haseline ST chanpes Mo Yes Yes Yes
= LY¥H, PP Mo Mo Yes Yes
= Irregular rhyihim No Yes**  Yes Yes
(AR, PV

Can nol exercise Mo Vs Yes Yes

LVEF= lelt venircular ejection frsction, COPDe chronic obstneiive
Palswsnary discase, LEEB= lcfi bundlc branch block, Afihs sl
Fibeillation, PVIC= g L

U priaecy of BA, sdenomane sl dipyrulamole
idabaraming

**|{ rue i controlbed, enercios echocandiography may be considered. Dobutamine
e hecardsegraphy of perfusion imaging should be avosded i froquent F¥'Cs or
uncontredled i sinal fitndlinon

probability of CAD after a stress test is directly related 1o
the specific population (patient) evaluated and ihe

results of the test. Diamond and Forrester (36)
analyzed the angiographic andfor the pathologic

8 ruml usc
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precisely the patient that most benefits from the diagnostic
evaluation, the patient with an intermediate probability,
because the results from the test have a higher predictive
value,

Regular Stress Test

This test may be done either walking on a treadmill or
by riding a static ergonometric bicycle, The treadmill test
i the most popular aliermative; since the people are more
adaped 1o walking than o riding a bicycle and (generally)
they accomplish a better stress yield. It is the study of
choice because of its simplicity, low cost, availability and
global familianty. There are multiple exercise protocols to
select according to the patients physical capacity and the
purpase of the test. The Bruce protocol offers the best
diagnostic value and is very useful for the assessment
and prognosis of CAD. This protocol starts with a speed
of 1.7 miles per hour (MPH) and an inclination of 10 grades
that corresponds 1o oxygen consumplion of 5 metabolic
equivalents (METS). A MET refers 1o the resting volume
oxygen consumption per minwte (VOL) for a T0-kg, 40-
year-old man. One MET is equivalent to 3.5 mL/min'kg of
body weight. Every 3 minutes it changes in stage, with an
increase of speed and grade equivalent to an increase of 3
METS in work. The goal of the disgnostic test is for the
patient to reach his maximum serobic capacity, reaching
his highest heart rate for exercise. The increase in oxygen

Table 5. Pre-test Probability of Coronary Disease in Symptomatic
Patients According 1o Ageand Sex®

data of 28,000 paticnis and they estimated the sgp {years) Non-Angina Chest Probable Angina  Typical Angina

probability of CAD based on the age, sex, and the Pain {nr Atypical)

character of the chest pain (Table 5). The chest pain '

wis charactenzed in 3 groups: 1) typical ordefinitive M i M ¥ - %

angina, deseribed by all the following: o substernal  45.49 1 2 14 12 16 16

pan with the typical quality and duration, provoked  a0-29 i3 3 5 iz Y 53

by effort or emotional stress, and that it improved  30-59 20 7 63 L) 93 73
-89 27 14 72 51 94 £6

with rest or nitroglycenne; 2) atypical or probable

angina: chest pain with only two (from three) of the
above mentioned characteristics; 3) chest pain not
ischemic: with only one or none of the above
mentioned characteristics. The typical or definitive chest
pain of ischemia makes the pre-test probability for CAD
very high, so that the results of a diagnostic test will not
alter dramatically the probability of CAD. Howewver, in
certain circumstances a study may be realized for a
different purpose, such as: to lecalize the ischemic termitory,
fior prognostic stratification, or even for functional capacity
o o assess the response to a specific therapy, In the case
of a 50 year old male with atypical or probable angina, he
has a 50%% probability to have CAD (Table 5). This is

330

b= mansulior. F= fomals
*Each one of these valses
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the percent ol patients with CAD by codonary

demand is proportional to the rate-pressure product, that
is, the product of heart rate and systolic blood pressure.
Because the increase heart rate is primarily responsible
for the increased oxygen demand, adequacy of exercise
response 15 judged on the basis of heant mte achieved
during excreise, An exercise test is considered adequate if
85% or mare of the ape-adjusted mosimum heart rte (MHE)
is achieved, also known as the target heart rate (THR).
The maximum heart rate (MHR) may be estimated according
to the age of the individual,
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MHR= 220- patients age, or 200- {0L63 x paticnts age)
(THR)={MHR) x 85%

Another reference for adequacy of stress is a double
product ahove 25,000 (assessed from the product of the
highest hean rate and the maximal systolic pressure). In
summary, the diagnosis of ischemin is done when the 5T
gepment depresses more than 0.1 mV, 60 ms after the J
point, either horizontally or down slopping. or with the
clevation of the 5T segment = than 0. ImY with or without
the classic chest pain. In the paticnt that presents with an
ACE, if e is considered low risk, he may be walked on the
treadmill after 8-12 hours free of chest pain or congestive
heart failure. While intermediate risk patients may be
evaluated with exercise stress two days from his
presentation,

Contruindications 10 exercise stress testing sccording
o the ACC/AHA 2002 puidelines are:

Absolute Contrmindications:

= Acute myocardial infarction {within 2 davs)
Unstable angina not previously stabilized by
mcdical therapy, without evidence of high risk
features or recurrence of angina within - 12 hrs,
Uncontrolled cardiac archythmios causing
symptoms or hemodynamic compromise
Symplomalic sevene asmic slenosis
Uncontralled sympromatic hean failure
Acute pulmonary embolus or pulmonary
mfarction

Acute myocarditis or pericarditis
* Acute aortie dissechion
Relative: Relitive contrmndications (can be superseded of
the benefits of exercise outweigh the nisks).

*  Left main coronary sicnosis
Moderate stenotic valvilar heart disease
Electrolyie abnormalitics
Severe artenial hypertenston: In the absence of
defimite evidence, the commitiee suggests an SBP
of greater than 200 mm Hg and‘or o DBP of greater
than | 10 mm Hg.
Tachyvarrhythimas or bradyarrhythmias
Hypertrophic cardiomyopathy and any other
forms of oulflew tract obstruction

Mental or physical impairment leading to an
inability to exercise adequately

High-degree atrioventniculer (AV) black

An extensive meta-analysis of treadmill stress test (wath

i3l
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24,000 patients) revealed that the average sensitivity and
specificity was 68% and 77% respectively (36). The
sensitivity to detect severe CAD (multivessel or LM
slenosis) was an avernge of 6%,

The findings associated to o higher risk of adverse
candiac events and with an annual mortality that exceeds
3%, are the following (7, 3T

*  Inability to complete 6 minutes of a Bruce protocol
Tschemia at a low heart rate (<120 beat/'min}
Early positive test results (23 min)

Strongly positive test results (22 mm ST
depression)

Sustained 5T segment depression 23 minutes afer
cessation of exercise

Down-sloping ST segment depression

Flat or lowered blood pressure (BP) response.
Inability to increase the systolic BP 2120 mmHg
or a sustained degrease 210 mmHg or lower than
baseline with progressive exercise

Serious ventricular arrhythmia

Various pusciuation systems have been developed for
prognosis assessment, They iake into consideration the
grade of 5T segment depression and the exercise duration,
The most popular was developed by Duke and his
collaborators (38, 39), called the *Duke Treadmill Score™
(DTS).

DT5= Exercise duration (minutes, in Bruce protocol) -
5 x {maximal 5T segment depression, i mm) =4 x (the
angna index).

The angina index s valued from 0-2 according 1o the
presence and severity of angine 00 no angina is provoked,
I 1 angina does oot limit the exercise and 2 if angina is
limiting. The patient s then strtified according 1o the
final score: low risk iF 25, moderate risk if the score is
between <10 and 5, and high risk il the score 18 ==11. The
annual cardiae mortality increases with the nisk: 0.25% in
the low nisk, 1.23% in the moderate nisk and 5.25% in the
high nsk. However this prognestie information was based
on outpatients with suspected CAD and not i paticnts
with ACS.

Another dilemma is whether patients with normal
exercise ECGs gain any benefit with myocardial perfusion
imaging (MPL), A study by Mattera and colleagues (40)
evalunted 313 paticnts who had normal resting ECGs and
underwent exercize MPL They concluded that patients at
low to intermediate risk of CAD per the eriteria of Diamond
and Formester (35) gained no benefit and had no adverse
events if the exercise ECG was normal. However, those
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with abnormal stress ECGs and those with high pre-test
risk gained bencfit from MPL For this reason they
suggested that the use of this “stepwise™ approach of the
baseline ECG and the pre-test risk is cost-effective.

Stress Testing with Cardiac Imaging

Cardine imaging is useful in cases were the patient has
baseline ECG changes or is using digoxin that may affect
the diagnostic capecity of the treadmill ECG test for
assessment of ischemin. The ECG changes associmted with
false positive results include: resting 5T segment
depression of =1 mm, complete left bundle branch block
(LBBR), veniricular pacing rivihm, preexiation {Wollf:
Parkinson-White) syndrome, or left ventricular
hypertrophy (LVH) with strain patiern (7). Exercise ECG
has also been associated with a poor positive predictive
value and higher incidence of false positive results in
womaen (7, 411, For these specific situations or subgroups,
the use of ancillary candiac imaging modalities will help
increase predictive vilue, sensitivity and specificity. The
W eurrent imaging oplions are nuclear or by
echocardiography.

MPL is done with either exercise or pharmacologic
stress, In addition 1o the choice of stress modaliny,
radionuclide selection is also imporani. The current
radionuclides available include thallium=201 (TL-201 or
technetium-#m | Te-99m) either sestamibi or tetrofosman,
that megsure myocardial perfusion, These mdionuclides
incorpornle within the myocardial eell acconding 1o the
bleod perfusion, Tvpically, exercise MPLseeks to uncover
areas of infarction or ischemin by companng the perfusion
of the heart at o resting state versus o stressed state.
Arets that show decreased perfusion at both siress and
rest are indicative of M1 scar, whereas areas with normal
perfusion at rest but decrensed perfusion ar stress arg
inilicative ol myocandial ischemia. The specific area with a
perfusion abnormality indicates the involved coronary
artery, and the extent of perfusion abnormalities comelate
with the severity of CAD. These nuclear images may be
planar (3 fixed positions) or witha single photon emission
computed tomography (SPECT) technique, that take
images 1807 with 3-dimentional reconstruetion, that allow
visual or quantitative technique anolysis. OF the two
rudionuelides available, the Te-99m produces better images
in view of a higher photon energy and shorer half-life,
allowing larger doses. These advantages are somewhat
offsct by less myocardial extraction, increased uplake in
abdominal organs, and lack of redistribution. It is preferred
inobese patients (100 kg) and in women to help decrease
the artifacts from breast attenuation. It is also different 1o
TI-201 by not redistnbuting sinee it binds irreversibly 1o
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the intrace lular mitochondria. For this reason Te-%9m may
be used o localize ischemia upon dealing with mixed
characteristic or atypical chest pain, The patient may be
imjected in the moment of resting pain, equivalent to the
“stress”, and it will incorporate within the regions with
adequate perfusion and it will remain without redistributing.
This will enable us to wrent the patient and perform the
images subsequently to be compared with new resting
imEpes,

The average sensitivity and specificity of TI-201 SPECT
with exercise, is 0% nnd 807 respectively (421 The SPECT
technique generally is more sensitive than the planar
images for the dispnosiz of CAD, to localize vascular
territorics and to predict muliivessel disease. Striman and
his collepgues evaluated 126 patients with exercise Te-
99m before discharging patients admitted with UA/
NETEMI. After 12 months of follow-up, the only
independent predictor of cardiae events was the presence
of reversible perfusion defects, with a relative nsk of 3.8
(43}

Echocardiographic images help assess myocardial wall
motion {systolic thickeningh both ot baseline (rest) and
after exercise, o identify regional alierations of contractility
after stress mdicative of ischemin. This wall motion
abnormality is visually quantified according to the degree
of thickening: nermokinesin (normal movement),
hypokinesia (decrense movement), akinesia (absence of
maovement), of diskinesia { parsdoxical movement). Exercise
echocardiography (EE) should be performed for patients
who can exercise. Advamages include that it s a less
expensive les! (compardd to nuclear imaging) with good
specificity for identifying ischemic territories. 1t also ean
be used to assess the severity of valvalar dysfunction.
There has been increasing interest in the supine bicyele
test, because it allows for imaging ot peak exercise rather
tham immedintely afier peak exercise. For the patient unable
to exercise, & dobutomine siress test can be performed. A
biphusic response with dobutamine, in which contractility
mitinlly increases with lower doses of dobutamine und
then decreases with higher doses, is dingnastic of ischemia.
Dobutamine echocardiography { DE ) also is useful to asscss
myocardial viability. The most significant limitations of
stress echocardiography are image quality (in some
patients), especially alier exercise, and the experience of
the interpreter gremly influence the accuracy of the test,
Image quality may be improved with the use of contrast
microbubbles for better definition of the subendocardial
wall. The reporied sensitivity varies between 70-97% with
an pverage of 85% in EE and 82% for DE. The average
sensitivity for EE 1o detect single-vessel discase is 79%
and better for multi-vessel disease with 90%. The average
reparted specificity is 86% for EE and 5% for DE.
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Both imaging options (nuclear and echocardiography)
increase the semsitivity and specificity of the regular
exercise test. Besides its diagnostic value, it also helps us
quantify the severity of ischemia and to define ischemic
territorics and systolic function alterations that may
correlate with multi-vessel or LM disease with worse
[Prognosis,

Imaging findings associaed with more nisk are the
following (30, 33

*  Moderate 10 severe LV systolic dvsfunction at
rest{LVEF < 35%) or with exercise.

*  Stress-induced large perfusion defect {particularly
i involves the antenor wall),

*  Stress-induced multiple perfusion defects of
moderte size.

* Large, fixed defect nssociated to ventricular
dilatation or increased lung uptake (of thalliwm-
201},

*  Stress-induced moderate perfusion defiect with LY
dilatation or increased lung uptake (of thallium-
201},

*  Echocardiographic wall motion abnormality {mone
than two segmenis) developing a1 low dose of
dobutamine (=10 mg/ke'min) or ot a low hean rate
(=120 beats/min,

*  Stress echocardiographic evidence of extensive
izchemia,

Pharmacologic Stress Testing with
Cardiac Imaging

Pharmacologic stress testing s an available option for
patients that can not walk on a trepdmill or are unable w
tolerate this test related to onthopedic problems, newrologic
impairment, peripheral vascular disease, severe chronic
obstructive pulmonary discase, or simply by loss of
physical fitness (eommon in the elderly).

Patients taking beta-blockers or other negative
chromatropic sgents that would inhibit the ability to achieve
an adequate heart rate response o exercise are also
appropriste candidates for vasodilator stress, The
incapacity to undergo an exercise stress test has been
found 1o relate 1o a higher nsk of cordiovascular events.
However, these patients may be evaluated with
pharmacologic stress lests,

The current pharmacologic alternatives include:
adenosine, dipyndamole {persantine), and dobutamine,
The first two are vasodilating drugs that should be
combined with radionuehide imiages. While dobutamine is
a positive inotropic and chronotropic drug that mimics
the physiolagic changes during regular exercise and may
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be combined with either imaging options of
echocardiography or radionuclide perfusion.

Adenosing acts through specific adenosine receplons
1o cause coronary microvascular vasodilatation.
Dipyridamale acts by inhibiting cellular uptake of
adenosine and increasing availability, which lead to similar
binlogic effects to adenosine but ata slower onset, longer
duration of action and higher patient to patient variability.

This coronary artery vasodilution induced by adenosine
or dipyridamole s anenuated in diseased coronary artenies,
which have a reduced coronary flow reserve and cannot
further dilate in response to adenosine. This is not the
case in healthy or less-discased coronary artcries in the
same patient, which produces relative flow heterogencity
throughout the coronary aneries, resulting in reletively
maore coronary blood low in the healihy or less-discased
coronary aneries compared with the more-discased
coronary artery. In most cases, coronary blood fow in the
diseased coromary anteries does not decrease. However,
in enses of severe vessel stenosis or 1otal oeclusions with
compensatory collateral circulation, a decrense in coronury
blood flow may occur in the diseased coronary anery,
thus inducing ischemia via a coronary steal phenomenon.
This regional flow abnormality may be asscssed by
perfusion defects during redionuclide imaging.

These agents are not free of side-effects and may be
very unpleasant for the patient. With adenosine,
approximately 80% of patienis experience minor adverse
effects from the infusion. They are usually more frequent
{eompared 1w dipyndamole) but of shomer duration in view
of the very shon half life ol adenosine (6 seconds), mrely
requinng aminophylline (antudote) after discontinuation
of the infusion. Adverse effects include systemie effects
(dizziness, hemlache, symptomatic hypotension, dyspnen,
and fushing), pastrointestinal effects (nausea), and
cardiorespirmony effects (dyspaea, bronchospasm, chest
pakn, hean conduction block and ST-sepment changes).
However, an absence of these effects does not imply a
lack of efficacy of the adenosine with respect 10 coronary
wisodilation, The chest pain experienced duning adenosine
mfusion s very nonspecific and does not indicate the
presence of CAD. First and second degree atrioventricular
conduction block may commonly occur, but significant
hemodynamic high degree AV block rarely occurs and
revert with stopping the infusion. With dipyridumole the
adverse effects experienced are similar to those with use
of sdenosine. While they are less frequent with persantine
(47%%), they tend 1o be more serious than those associated
with adenosine, [n addition, more of the patients requine
aminophylline for reversal of adverse effects.

Contraindications for adenosine or dipyridamale siress
testing:
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Absolute:

* Patiens with active bronchospasm or patients
being treated for reactive airway discase, since it
may lesd to prolonged bronehospasm, which can
b difficult to trent o can remnin reftactony.
Patients with more than first-degree hean block
[without a ventricular demand pacemaker), since i
may leed to worsening of the heant block.

Paticnts with a systolic BP of less than 90 mmHg
should not undergo adenosine or dipyndamole
stress testing because of the potentinl for further
lowering of the blood pressure.

Patients using dipyrdamole or methylxanthines {eg,
caffeine and aminophylling) should not undergo
an adenosine or dipyridamole stress test because
these substances act as competitive inhibitors of
adenosine at the receptor level, potentially
decreasing or completely ottenuating the
vasadilatory effect of ndenosine. In general,
patients should refrain from ingesting caffeine for
at least 24 hours prior to adenosine administration,
Relative:

* Patients with a remote history of reactive airway

disease (COPDVasthma) that has been guicscent
fior o bong time (approsimately | v may be candidases
for dipyridamele, However, if a question exists
concerning the status of the patients™ airway
disease, dobutamine stress testing may be the safer
choice,
Paticnts with a history of sick sinus syndrome
{without o ventricular demand pacemaker) should
undergo adenosine or dipyridamaole stress testing
with caution. These patients are prone to significant
bradycardia with dipynidamole; therefore, use
eaution if they are to undergo dipyridamole stress,
Similarly, those patienis with severe bradveardia
{heart rate =40 beats/min.) should undergo
dipyridamole stress with caution,

The sensitivity and specificity of adenosine or
dipyridamale stress with TL-200 SPECT is 89% and 78%
respectively. [tis considered the preferred aliemative for
assessment of ischemin in patients with resting LBBS (or
durimg stress) or with a ventricular pacing ythm. Exercise
and dobutamine siress testing has known to produce false
positive septal defects in these patients.  Also, as
mentioned above, this is the preferred non-invasive
method of evaluating CAD in the female and the elderly
incapable of attaining an optimal exercise effort (THR) for
the diagnosis of ischemia,

The benefit of dipyridumole T1-201 for risk strtification
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post non-STE ACS was evaluated by Younis and his
collaborators (44), They evaluated a toral of 68 patients
that remained clinically stable after their sdmission. After
an average (ollow-up of 12 months, the patients with
abnormal images had a higher risk of adverse cardiac
events than those without, 72% versus 7% respectively,

Dobutamine has some vasodilating effects. but as
mentioned above, it's principal effect result from mimicking
a regular exencise test. However, the rate-pressure product
usually is lower than that from exercise wsting. As we
increase the infusion dose in a step-wise fashion, this
leads 1o an increase of heart rate, blood pressure and
cardine contractility that may lead to provoke ischemia. It
is the usual alternative drug for stress testing with
perfusion imaging. in case adenosine or dipyridamole are
comptraindicated in view of BA. hs sensitivity 15 lower,
likely related to a failure of reaching the THR. There are
different dobutamine infusion regimens, but the usual 1op
dose is 40 megkeg'min followed by atropine or handgnp
as adjunces to achieve this THR.

Resumen

Los pacientes hospitalizados con anging inestable {Al)
o infarte miccardico sin elevacion del segmento 5T
(IMSEST]), estin ha riesgo de sufrir recurrencia de infaros,
anging refrctana, ¥ mucrie. Estos pacientes necesitan de
una evaluacion mas agresiva. De acuerdo con las guins
publicidas por ¢l punel de la ACC/AHA en pacientes con
AVIMSEST, estos se deben catcgorizar en una cscala de
ricsgo (de subsccuentes eventos adversos) coma: bajo,
intermedio o alo. Esto se debe hacer por la evaluacidn
inicial de: ECG, el historial clinico, el examen fisico, v los
marcidores cardiacos. Entre los marcadores cardiaco
asogiados a estratificar ricsgo esta L troponina cardiaca (1
& Th, el péptado natnuretic tipo B, la proteina-C reactivay
el CD 0L, También se debe utilizar el “TIMI risk score™
complementario o este andlisis de riesgo. Los pacientes
identificados como de alto riesgo, si no ticnen
contrnindicaciones, se¢ deben mancjar v evaluar
agresivamente con angiografia coronaria, Luego de evalear
la anatomia y [a sevendad de su enfermedad coronaria s
que s¢ decide si se beneficia de otra mlervencion
percutinea o quirirgica. En los pacientes de resgo inicial
bajo v algunos de nesgo intermedio, se recomienda una
evaluacidn conservadora, que incluye una prucha intra-
hospitalaria no-invasiva para isquemie vy de funcion
cardiaca. Esta prucha no-invasiva también nos pucde
ayudar a tdentificar pacientes con anatomia coronaria de
mas riesgo que también se puedan beneficiar de
cateterismo cardisco. La determinacion de la prucha no-
mvasiva oplima, va depender de vanos [actores: capacidad
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para caminar en la poler, su BCG de base (que no interfiera
con su capacidad para dingnosticar isquemia), presencin
de LBBRE, probabilidad pre-prucba de enfermedad
coronara, caracteristicas del paciente (sexo, obesidad,
COPD y asma), la dispomibilidad del estudio v la pericia
con el estudio,  En aguellos con una probabilidad pre-
prucha alta de enfermednd coronaria, se debe considernr
un cstudio de ejercicio con imigenes ancilares, como
prucha de eleccitn, ya que afiade informacion prondstica
para el paciente. En aguellos, con una probabilidad pre-
prucha baja para enfermedad coronana, entonces se debe
considerar ¢l uso de la prucha regular de gjercicio con
ECG Mientras que los pacientes (en gencral) que no se
pueden evaluar con ejercicio (por condiciones médicas o
fisicas), deben ser evaluados con pruchas farmacologicas
{preferiblemente por adenosing o dipindamole) combinada
con imagenes de perfusion. Finalmente, basado en los
resultados de estas pruchas cs que s¢ determing si s¢
requicne de eateterismo candiaco adicional. En general, los
pacientes con pruchaz de perfusion negativa tienen un
prondstico excelente.

References

. Matlonal Vital Siatistic Repots, Vol 32, No. 13, Feb 11, 2004

. Storrow A, Gibler W, Chest Pain centers! diagnosis of acule
coronary syndromes. Ann Emerg Med 20003540961,

. The Global Use of Sirategies io Cpen Occluded Coronary
Arteries (GUSTOR 1-b Investigators, A comparisen of
recombimant hirodin with heparin for the frestment of acule
coronary symdromes. M Emgl § Med 99633577582

. Braenwald E, Antman E, Beasley J, e al. AQC/AHA 202
puideline wpdame for the managemen of patients with unstable
angina ol non-ST-sepment elevation myocardial infarction;
summary artiele: a repont of the American College of
Cardiology'Amencan Hean Association Task Force on Praciice
Guaidelines (Commities On the Managemen of Patients with
Unstable Anginah. J Ame Coll Cournliof 2002010 | 3646,

. Amslerdam B Kirk JI3, Diercks DR, et al. Immediaie exercise
festing 1o evaluase low-ridk paients preseniing to the ematgency
department with chest pain. ] Am Coll Cardsod 300240251 -6,

. Chibler W, Runyun JIF, Levy RO, el ol A mpid dasgnostic snd
wresimem eenier For paticmts with chest pain i the emerpency
depariment. Ann Emerg Med 19952508

- Citbhons R, Balady G, Bricker JT, et al. ACC/AHA 202 puidelme
upulate for exercise lesting: a repot of the Amencan College of
Candiology! American Heart Association Task Fosee on IMrociice
Glifelimes (Commince on Exerene Testingh Available ab: haipe
! pwow pecorgielinical guidelings exerciseiesercise clean.pdf,
‘i[.“‘i

- Milienburg-van Zijl AJ, Simoons ML, Veerhock W, et al.
Incidence and follow-up of Brawmwald subgroups in unsiable
angina pectoris. § Am Coll Candio] 190525 1286-92.

. Armstrong PW, Fu Y, Chang W, el al. Acute Coronary Symdrome

in the GUSTO-IIE Trial: Prognostic Imsights and [mpm:t of

Recurrend [schemia, Circwlation 199898 | B60- | 865

MoGuiee DE, Emamicleon H, Chamwood A, et al. Diabetes

rmiellitus is associated with worse clinical outcomes across the

spectrum of aewle coromary syndromes: Results from GLUSTO-

g -

Iy,

335

Rk Strahfcabon in NSTE-ACS
Eagabi-Mendosa |, of al.

Ik, Circalation 1999100 (suppl 11432

Il Cotter 05, Cannon CF, McCahe CH, et al. Prior peripheral
vascular di e and cerehr ular disease are independen
predictors of incrcased | year modality i patients with acule
coronary syndromes: Resulis from CFLES-TIML 16, ) Am Coll
Cardial 2000154 10A.

12, kaber WA, Prior DL, Marso SP et al. CHF on presemiation is
mssociated with markedly worse oulcomes among patsents with
acwle codonary symdromes: PURSUIT sl fndings. Coreularion
1950 [ supplji:[-432

I 3. Tenigueehi H. lwasaka T, Sugiuga T. Acute pulmonary edema i
palienis with unsiable ql'l:ill: chmical profile and natural history,
Coran Ariery Dis [992;2:529-52,

14, Canmon CF, McCabe CH, Sione PH, et al. The electrocandiogram
predicts one-year owicome of patients with unstable angina
amd nomL) wave myocardial infarction: resalis of the TIMI 1T
Regisiry ECG Amcillary Stsdy. Thrombolysis in Myocardial
lscheme. J Am Coll Cardiol | 597 ;300 13140,

1 5. Savonino 5, Anlssne DyGanger CB, ¢ al. Prognostic value of
the admission clectrocardiogram in acule coronary syndromes,
JAMA PRS0 TOT-15,

16 Pope JH, Aufderhesde TF, Ruthager B, Woolerd RH, Feldman
I, Beshansky JR et al. Missed diagnosis of scuie candiac
tichemia in the emergency depariment. M Engl J Med.
JiHH;342:1143-T0

I 7. Hyde TA, French JE. Wong UK, Strmiemicky 1T, Whatlock EM,
White HD), Four-year survival of patiemis with aeule cosonary
syndiome withoat 5T segment elevation and prognosie
significance of 0.5 mm STscgment depression. AM J Cardiol
| 99 R FT9-R5

I8 Lee WS, Cross 5), Bawles JM, etnl, Patients with suspeched
myocardial imfarction who present with 3T depression. Lamcel
1993, 342: 12047

1, Ibiderhalm E. ST depression in EUG i entry indbcaies severe
coronary lesions and large benefits of an carly invasive
wealment sigmiepy o unsiable corenary anery discase: The
FRISC 1 ECO sub siudy, Far Meswr ) 2002:233:41-49,

2k Heidenreich A, e al. The prognostic valug of trepoaina in
paticals. with non-5T elevatim acute coronary symlromes: a
meta=analyses. f Am Coll Careliod. 200138478483,

21 Animan EM, Tanasijevic M, Thompson B, et al. Cardisc-
specific troponin | bevels o predict the risk of monaliiy in
patients with acule coronary symdromes. N Engl § Med
1963351 342-9,

2. De Lemos JA, Morrow DAL Bently J, et al. The progrsste
value of B-type natriuretic peptide in paticnts with acate
ommonary syndromes. N Emgd [ AMed, 2001345 100141021,

23, Lebrack J5, Anderson JL, Maycock CAL et al. Uselalness of
high-sensitivity Coreactive prodein in predicting lomg-term risk
of death or scule myocanhial infarcton in paienis with unsiable
or slable sngina pectons or aoute myocardial infarction. Am 1
Cardiol 2002:80:145-149

24, Heeschen C, Dimmeler S, Hamm C, en al. Soluble COH0 Ligand
in acute caromary syndromes. N Emgl J Med, 20000 348: ) 104-
1,

25. Sabatine M5, Momow DA, de Lemos JA, o al. Mualibmarker
ipproach to risk sirafification in non=ST clevation acule
corenary syndromes: somiltaneous asscssment of troponin 1,
Cereactive protean, and B-type nairiuretic pepride, Clrowlanion
2020051 760-3.

6. Momow DA amid Eagene Braumwald. Fulisre of blomarkers in
acute coronary symdromes: moving toward a multimarker
strategy. Circwlation 2003;108:250-252

27, Sapka M, Roy 1, Gase [3, Collinson P, and Kaski J-C. Robe of




PRASS Vol 34 Mo 4
Dlevember, 308

“lacherma Modified Afbumin™, a new biochemical marker of
myvocardial ischaemaa, in ibe early dingmosis of acute coranary
syndromes. Emerg Med ) 200,21-29.15

28 Peacock F. Morrs D, Anwaruddin %, et all Ischemes Modificd
Albumin sx o prediction toll 1o rile oul scue vorapary
syndromes in ihe emergency depanment. Acad Emerg Med
2i0i5; Volume 12, Number 3, suppl.1 31,

cAntman BN, Coben M, Bemink PL, et al, The TIMI nsk score
for unstable angina/non-5T elevation M1 a methad for
prognostication and therapeutic decision making. JAMA
2000, 284:835-42,

3. Cohen M, Demers C, Gurfinke] EP, et al, [or the Efficacy and
Safcty of Subgutsneous Enoxapann in NMon-C-Wave Coronary
Events Study Group. A comparison of low-molecular-weighi
heparin with unfractioasiod heparin for unstable cornary snery
discase. N Engl J Med 197.337:447-52

Platclet Recepior Inhibiison in Bchemse Synadrome Managemin
in Patiemis Limited by Unstable Signs and Symproms
(PRISMPLUS) Siady Investipators. Inhibbien of the platelet
glycoprotein [Th'lila receplor wath tirofiban i enstable amgina
and mon-0) wave myocardial infarction [erftaum appears in N
Emgh J Bed 1998 330415] N Engl § Med 199H 518 1485407,

3 Cannon O, Weimrauh W3, Demopoualos. LA, et al. Comparison
of carly mvasive and conservalive stralegies in paticmis with
unsiable cotonary syndrames treated with the glvcoproiein
ITh/Illa inhibitor trofiban. N Engl § Med 2000; 344 | £79.K7

3. Emond M, Mock MB, Davis KB, e al. Long-term survival of
medically trested pasenis in the Coromary Arery Surgery Study
{CASS) Regisary, Cerculation 1994590 2643-47,

34, Eagle K. Guyton B, DavidalT K. o al. ACC/AHA 200 guideling
update for coronary anery bapass gl surgery, A repon of the
Amerbean College of Cardiology/American Heanl Association
Task Force on practice guidelines. (Committes 10 update the
190 guidelines for CABGH Available a0 wwwgec org'clinicall

sunlelinescabeindexpdl
55, Dviamond G Forrester | Analysis of probabitiny as an aid in ike
elinical dinghosis of coronary artery disease. % Engl J Med

£l

Rink Sirsisfication m NSTE-ACS
Escabi:-Mendors ). et al.

1979 304 1 350- 1158,

Crnneossi B, Deiaso B, Mulvihill 13, o al. Exercise-indisced ST

dl':ptz'.hinn i the diagmosis of coronary snery discase; o meln-

analysis. Circulation 1989 80ET

ogaty P, Guimond J, Robitsifle N, et al, A resppraisal of ensicise

electrocardiography indexes of severity of pschemic hean

discase : Angicgraphic and scintigraphic correlates. | Am Caoll

Cardiol 19983 3582

Mark D0, Shaw L. Hareell FE, 2t al, Prognostic value of a

treadmill exercise scone i outpatients wilh suspected conomary

artery dhisease, N Engl J Med 1991 525:825-51,

Mark DM, Hialky MA, Harrell FE, Lee KL, CalilT BM, Pryor

DB, Exercise ireadmill score for prediciing prognosis in

cotonary anery disease. Ann Tnicrm Med 1987, 106: 7932040,

Maitern J, Aran S, Sinusas A, e al. Exceclie testing with

myocardal perfusion imaging in patients with nommal bhaseline

clectrocardiograms: Cosl savings with a stepwise diagnostic

stpatepy. J Bucl Candiol 199E, 5408306,

Humg ). et al. Noninvasive disgnostic test choices for the

evaluation of coromary arery discase in women: A multivariabe

comparison of cardiac fluoroscopy, exercise electro-

cardiography and exercise thallium myocardial perfusion

scindigraphy. | Am Coll Cardiol |984;4:8-16

47 Giibbons B Abrams J, Chatterjee K, ot al. ACC/AHA 2002
guideline update for the management of patients wiih chronic
stable angina: o report of ibe Amoncan College of Candiobogy
American Heant Association Task Force on Practice Guidelines
{Commines io Updaie ibe 1990 Galddines for the Managemsni
of Patients with Chronic Stable Angina). Available at;
www e org'clinical/guidelines/sable/stable_clean pdf

43, Seratman HG Wiiery ML, Younis LT, ef al. Exercise technetium-
S%m myocardsal iomography for the risk siratificanion of men
with medscally ireated unstable angina peoloris. Am J Cardiol
1995 Th: 216,

44 Wounis LT, Byers 5, Shaw L, et al. Progmostec value of mimvenous.
dipgridamele thallium scintigraphy afier an acuie myocardial
ichembe event. Am J Cardial 198984061

3,

17,

L

kL

a0,

al.

336



