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ECG in STEMI to determine the culprit artery lesion-ECG as emergency room angiogram!

In emergency setting during treatment with percutaneous coronary intervention or with thrombolytic therapy it
is often necessary to determine which artery involved and size of the area at risk. We may get at least some
help from the ECG in this purpose.

ECG In acute anterior MI:

In acute anterior MI, ST segment elevation is found in V2, V3 and V4. From the behavior of ST in other
precordial lead and limb leads, it can be predict whether the culprit lesion is the proximal LAD (proximal to
both diagonal and first septal branch, 40% cases), proximal to first septal and distal to first diagonal (10% of
cases), proximal to the first diagonal and distal to first septal (10% of cases) and distal LAD lesion (40% of

Biomarkers in Acute
Cardiac Disease: The

Present and the cases). The basoseptal area is perfused by proximal septal branch, the basolateral area is perfused by first
Eiitiira diagonal and inferoapical area is perfused by distal LAD wraps around the apex.
Site of lesion Dominant area | ST segment vector| ECG findings
INTRODUCTION goives
Proximal LAD Septal area Superior direction | ST elevation in aVR and ST elevation
lesion =2.5 mm in V1, ST depression in inferior

ESURECR 0 SIS e leads and V5, an abnormal Q wave in

aVL (Fig-1)

POTENTIALLY OUTDATED

MARKERS Absence of ST depression rather ST

elevation or isoelectric ST in inferior leads,
Sometimes wide Q wave in V4 to V6 (Fig-2)

Distal LAD lesion Inferoapical part | Inferior direction

EMERGING MARKERS Proximal to 1st septal | Basoseptal area | Rightward direction | ST segment elevation in aVR and > 2.5 mm
and distal to 1st | (basolateral area in V1, ST segment elevation in V3R, ST
diagonal (i.e. 1st | escaped) segment depression in V5, characteristically
diagonal not included) ST segment depression in aVL (Fig-3)

. Proximal to 1st| Lateral area | Lateral direction| ST elevation in |, aVL ST depression in
Sl diagonal and distal to | (basoseptal area | (Leftward) I1l, aVR but isoelectric ST in Il. (Fig-4)
1st septal (i.e. 1st| escaped)

septal not included)

Right coronary artery

Inferoseptal area

Towards lead IlI

ST elevation is greater in lead Ill than lead |I

lesion (RCA) with ST depression more in aVL than lead .
Left circumflex artery | Inferoposterolateral| Towards lead | ST elevation is greater in lead Il than lead
lesion (LCX) area Il, isoelectric or elevated ST in lead |

Vg lead in inferior MI :

ST elevation >1 mm in V,g indicates right ventricular infarction. A proximal RCA occlusion before RV branch
produces this feature including possitive T wave in V5. A isoelectric ST segment with negative T wave
indicates distal RCA occlusion and a negative T wave in V,5 indicates occlusion of LCX.

ST segment depression in anterior lead In inferior Mi:

It indicates a posterior wall involvement. ST depression may extend from V1 through V6 and indicate a larger MI.
Left main coronary artery (LMCA) lesion:

LMCA lesion is frequently associated with poor prognosis because of extensive area at risk with anterolateral wall
enrolment. ST depression in 11,111 or aVF and left anterior fasscicular block (LAFB) predict LMCA occlusion with
high sensitivity ; ST elevation in both aVR and aVL, ST elevation in aVR with less that in V1, LAFB and RBBB

predict LMCA lesion with high specificity.

Limitations:

Assessment of site of occlusion of coronary artery by ECG is most reliable in case of first Ml and is impaired
by multivessel disease, an old MI, collateral circulation, and when ventricular activation is altered.
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Figure-1 | 1400 msec

FIGURE -1 Acute anterior Ml in proximal LAD occlusion.
Anterior Ml is present, as indicated by ST-segment elevation
in leads V2 and Vs. In addition, the precordial leads show
marked ST-segment elevation in lead V4, and ST-segment
depression in leads Vs and Vg. The extremity leads show
ST-segment elevation in lead aVR and ST-segment
depression in inferior leads Il, Ill, and aVF.

FIGURE -3 Acute anterior Ml due to LAD occlusion distal to
the first diagonal but proximal to the first septal branch.The
precordial leads show evidence of acute anterior MI, but lead
aVL shows ST-segment depression.

Figure-4 12-lead ECG with acute anterior Ml due to an
occlusion site distal to the first septal branch. ST-segment
elevation is present in the precordial leads and lead aVL,
whereas leads Il and aVR clearly show ST-segment
depression.

Figure-4
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FIGURE 2 :- Acute anterior Ml in distal LAD occlusion.
Signs of acute anterior Ml are seen, but ST-segment
elevation is present in the inferior leads. Note also
ST-segment depression in lead aVR.
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Biomarkers in Acute Cardiac Disease: The Present and the Future

INTRODUCTION:

The use of biomarkers to aid diagnosis and treatment is
increasing rapidly as genomics and proteomics help us
expand the number of markers we can use and as an
improved understanding of the pathophysiology of cardiac
disease guides their use. However, as with all rapidly
expanding fields, there is the risk of excessive enthusiasm
unless we are circumspect about the data that guide the
clinical use of these new tools. This review focuses first on
how to use troponin, which at present is the best validated
of the new markers, and will hopefully provide insight into
how to use this biomarker more productively by
distinguishing subsets of patients and by providing an
understanding of the meaning of elevations in various
clinical situations. The review then discusses the use as
well as the knowledge gaps associated with emerging
biomarkers such as B-type natriuretic peptide and
C-reactive protein, which are increasingly moving toward
more productive clinical use. Finally, it reflects on some of
the large number of markers that are still in development.

ESTABLISHED BIOMARKERS

Cardiac Troponin (cTn). There is one biomarker that has
been established for diagnosis and that also provides
robust prognostic information and that is ¢Tn. The cTn
biomarkers, assuming high-quality analytic methods,
whether for cTnl or ¢cTnT, are highly specific and sensitive
for cardiac injury . With the exception of renal dysfunction,
cTnl and ¢TnT provide equivalent clinical information.

ASSAY-RELATED ISSUES. The c¢Tn are regulatory
proteins with both cytosolic and structural pools. Best data
suggest that they are released because of necrosis. Early
release is thought to be attributable to the cytosolic pool,
and later release to the structural pool. There are now a
multiplicity of assays for cTnl, which makes standardization

Table 1. Presently Available Assays for Cardiac Troponin and
Key Values

Assay LLD 99th Percentile ROC Cutof
Abbott ARCH 0.009 0.012 0.3
Abbott i-STAT® 0.02 0.08 (WB) ND
Bayer Centaur 0.02 0.1 1.0
Beckman Accu 0.01 0.04 0.5
Biosite Triage* 0.19 0.19 0.4
Dade RxL 0.04 0.07 0.6-1.5
Dade CS*t 0.03 0.07 0.6-1.5
DPC Immulite 0.1 0.2 1.0
Orthos Vitros 0.02 0.08 0.4
Response® 0.03 0.03 ND
Roche Elecsys (cTnT) 0.01 0.01 0.1
Roche Reader* 0.05 0.05 0.1
Tosoh AlA 0.06 0.06 0.31-0.64

*Point-of-care assay. TCleared by the U.S. Food and Drug Administration
as high-sensitivity assay, 2004,

99th upper limit of normal and the ROC value equates cardiac troponin values in
general with creatine kinase-MB elevations; ¢TnT cardiac troponin T; LLD lower
limit of detection; ND not done; ROC  receiver-operating curve; WB whole blood.

problematic . All have different analytical sensitivities. It is
essential for clinicians to understand whether they use a
highly sensitive assay or one that lacks sensitivity at the
cutoff concentrations used for clinical decisions. Different
assays measure different epitopes and different fragments
of cTnl. A list of assays and their cut off values is included
in Table 1. Recent data suggest that a subset of patients
may have antibodies to parts of cTnl that can result in
occasional false-negative results . The heterogeneity of
assays is not a problem for cTnT because there is only
one assay. There is a need to improve the rapidity with
which assay results are available. Clinicians expect
values in 30 to 40 min, laboratorians in 60 min, whereas in
reality results are often available only after 100 min or
more .

USE OF THE MARKER. The basic science substrate for
use of cTn has been elucidated elsewhere. For clinical
use, several principles are important.

The cTn elevations begin 2 to 4 h after onset of symptoms
(Fig.1). With the use of precise highly sensitive assays and
the use of the 99th percentile reference cutoff recommended,
cTn provides all the information needed for the evaluation of
patients who present with possible acute ischemic heart
disease. Other “rapidly increasing biomarkers” have little or
no utility if this approach is used (Fig. 2) .

Elevations of cTn persist for days (clTnl 5 to 10, cTnT 5 to
14). There are emerging data suggesting that reelevations
and an increasing pattern are the best way to determine
whether a given event is acute or whether the elevation is one
from a previous event or is chronic. This concept is important
when there is an elevation in the initial sample, when
reinfarction is suspected, and in patients with end-stage renal
disease (ESRD), who can have chronic elevations.

The number of patients identified with ¢Tn in patients
with possible acute ischemic heart disease depends on
the subset of patients being evaluated. Patients with

Myoglobin
and CK isoforms

v
i

Troponin
{large MI)

Multiples of the AMI cufoff limit

0 1 2 3 4 5 6 7 8 9

Days after onset of AMI

Figure 1: Time course of the appearance of various markers
in the blood after acute myocardial infarction (AMI).
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Figure 2. Sensitivity of cardiac troponin (cTn)l compared with myoglobin
and creatine kinase (CK)-MB for the detection of myocardial injury. Note
the use of the 10% coefficient of variation (0.1 ng/ml) were superior to the
use of myoglobin. Reprinted, with permission, from Eggers et al.

STsegment elevation infarction are different from those
with high-risk acute coronary syndrome (ACS)
presentations and from those who manifest moderate-risk
and/or low-risk presentations .

Because of the sensitivity of cTn, elevations are
common in patients with a large number of acute and
chronic cardiovascular diseases. It is up to the clinician to
decide whether the presentation is one of acute ischemia.
If so, elevations can make the diagnosis of acute
myocardial infarction, as defined by the European Society
of Cardiology/ American College of Cardiology. If acute
ischemia is not present, alternative etiologies should be
sought and different diagnoses made. A partial listing of
situations in which cTn can be elevated in the absence of
acute ischemic heart disease is included in Table 2.

Patients with ST-segment elevation myocardial
infarction. Patients with acute ST-segment elevation
myocardial infarction do not need biomarker measurements
before therapy. Patients with elevated cTn on presentation
have a lower rate of coronary recanalization, whether with
thrombolysis or direct percutaneous coronary intervention
(PCl) and an adverse short-term and long-term prognosis.
Part of this effect is related to the fact that it takes time for
cTn to become elevated in the blood, and patients who
come in late do less well than patients who come in early.
However, even when one corrects for time of onset, the
same prognostic effect is found. In one study of patients
with inferior infarctions, stenting seemed to improve the
prognosis of this group.

Infarct size can be estimated from the 72-h troponin
value. The data are stronger for this approach with ¢cTnT
than with ¢Tnl. For ¢Tnl, peak levels work better, but the
data vary depending on whether or not there has been
acute reperfusion .

High-risk patients with ACS. This group has been
extensively studied. Patients often are elderly, and have
chest pain at rest, transient electrocardiogram (ECG)
changes, increasing symptoms or signs of ischemia,

Table 2. Elevations of Troponin in the Absence of Overt
Ischemic Heart Disease

Trauma (including contusion, ablation, pacing, implantable
cardioverterdefibrillator firings including atrial defibrillators,
cardioversion, endomyocardial biopsy, cardiac surgery, after

interventional closure of atrial septal defects)

Congestive heart failure - acute and chronic

Aortic valve disease and hypertrophic obstructive cardiomyopathy with
significant left ventricular hypertrophy

Hypertension

Hypotension, often with arrhythmias

Postoperative noncardiac surgery patients who seem to do well

Renal failure

Critically ill patients, especially with diabetes, respiratory failure

Drug toxicity, e.g., adriamycin, 5-fluorouracil, herceptin, snake venoms

Hypothyroidism

Apical ballooning syndrome

Coronary vasospasm

Inflammatory diseases, e.g., myocarditis, e.g., Parvovirus B19, Kawasaki
disease, sarcoid, smallpox vaccination, or myocardial extension of
bacterial endocarditis

Post-percutaneous coronary intervention patients who seem to have no
complications

Pulmonary embolism, severe pulmonary hypertension

Sepsis

Burns, especially if total body surface area is >30%

Infiltrative diseases including amyloidosis, hemachromatosis, sarcoidosis,
and scleroderma

Acute neurological disease,
subarachnoid bleeds

Rhabdomyolysis with cardiac injury

Transplant vasculopathy

Vital exhaustion

including cerebrovascular accident,

evidence of hemodynamic instability, and/or arrhythmias.
They have a high incidence of elevated cTn when one
uses the 99th percentile reference range. They meet
criteria for non-STsegment elevation myocardial
infarction. The elevated cTn defines a high-risk subset
and provides guidance in regard to therapy. Patients with
elevated ¢Tn have more procoagulant activity and an
adverse coronary anatomy as judged by the degree and
extent of angiographic stenosis, the Thrombolysis In
Myocardial Infarction (TIMI) grade of perfusion, and the
complexity of the coronary lesions. As such, these
patients do better with the use of low molecular- weight
heparin, lIb/llla anti-platelet agents, and an early invasive
interventional strateqy. Most of the trials of llb/llla agents
were done before the routine use of clopidogrel. Recent
data suggest that these agenis may be synergistic.
Clopidogrel is the one agent that accrues benefit to
patients whether or not ¢Tn values are elevated. These
more aggressive therapies not only are not beneficial but
in some studies seem to even be detrimental if applied to
patients without ¢Tn elevations. The one area where there
IS some question comes from the TACTICS-TIMI-18
(Treat Angina with Aggrastat and Determine Cost of
Therapy with an Invasive or Conservative
Strategy—Thrombolysis in Myocardial Infarction-18) study,
in which based on one admission sample for cTn, it was
claimed that female patients with elevations in B-type
natriuretic peptide (BNP) and/or CRP benefited from an
early invasive strategy even if ¢Tn were normal.
Indeterminate- and low-risk patients. This patient group
Is hard to triage clinically. They may not have rest pain or on
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