Cardiac Biomarkers

Dr. mehrdad vanaki

Trainer & consultant of QMS in medical lab



References

e References used

> |.Comparison of the Diagnostic Accuracy of Brain Natriuretic Peptide (BNP)
and the N-Terminal Part of the Propeptide of BNP Immunoassays in Chronic and
Acute Heart Failure: A Systematic Review

o 2.NT-pro-BNP — A New Test for Diagnosis, Prognosis and Management of
Congestive Heart Failure

o 3.Lab Tests Online

o




WHO classification of M1

2/3 these criteria:
v'Ischemic symptoms
v'EKG changes.

v'Increased serum markers.



Cardiac Biomarkers
» Cardiac biomarkers are substances that are
released into the blood when the heart is
damaged. Measurement of these biomarkers
Is used to help diagnose, evaluate, and
monitor patients with suspected acute
coronary syndrome (ACS)

* The symptoms of ACS include chest pain,
pressure, nausea, and/or shortness of breath.
These symptoms are associated with

and , but they may also be seen
with non-heart-related conditions. Increases in
one or more cardiac biomarkers can identify
patients with ACS, allowing rapid diagnosis and
appropriate treatment of their condition.



Cardiac Biomarkers
» Cardiac biomarker tests must be available
to the doctor 24 hours a day, 7 days a
week with a rapid turn-around-time.
Some of the tests may be performed at the
point of care (POC) — in the Emergency
Room or at the patient’s bedside.

e Serial testing of one or more cardiac
biomarkers is often done to ensure that a rise
in their blood levels is not missed and to
estimate the severity of a heart attack.



Critical Value

- Concept introduced by Lundberg
(1972)

- “pathophysiological derangement at
such variance with normal as to be
life-threatening if therapy is not
instituted immediately”

- Standard of practice with well

established guidelines for clinical
pathology



Troponin: Its own challenges
(goal is 95% within 45 minutes)

e Dec. 2002: 10%
e Feb. 2004: 55%
e SIGNIFICANT IMPROVEMENT BUT STILL

» Consistency improved greatly

* Current (Dec 2004): consistently within 45
minutes



Troponin - ...but what does the
customer need?

Jan. 2005: Lab / ED piloting new
POCT method on the I-Stat for the
initial Troponin.

- Ultimately ED physicians decided not to
iImplement because the “laboratories

turnaround time was consistently
exceptional”



Summary of Benefits

e Testing thru-put (TAT) reduced by 50%
» Productivity improvement >40%
» Cost reduction at 28%
e Space savings of >450 ft2
» Standardized work practices
» Reduction in Errors and Error Potential
- Specimen and patient ID errors reduced
» Performance measurement
 Elimination of excess unused inventory ($16,100)
* 100% cross-training of staff



Overall, there was only minor variation
between adult and pediatric critical values
(where present).

In addition, at the time of the publication, 27%
of laboratories allowed nonpractitioners to
accept inpatient critical values reports, and
only 56% of respondents had a written critical
values policy or procedure.

In general, there was no consensus
regarding how to handle outpatient
critical values during the weekday vs
outpatient evening and weekend calls
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POLICY STATEMENTS

1. Notification: The patient care provider or
referring laboratory is notified when critical limits
of specified test results are exceeded and/or
critical results are obtained. In addition to the
usual normal results reporting process (e.g.
fax, computer interface).

MCL staff telephone the ordering physician or
the client-provided contact number within 60
minutes following laboratory release of the
critical result(s) according to established
procedures.

e In the event that contact is not made within
the 60-minute period, MCL will continue to
telephone until the designated party is
reached and the result is conveyed.



POLICY STATEMENTS

e 2. Read-Back of Critical Value /
Critical Results:

o To verify the accuracy of patient information
communicated via the telephone, the physician or

designee responsible for patient care is required to
read-back the patient name, unique
patient numeric identification, and
the critical test result(s).

3. Documentation: The critical high and low
values are documented in the laboratory’s standard
operating procedure and defined in the laboratory
computer information system.

NOTE: Records of notification and read back are documented
according to established procedures.



How Often Are Critical Values Notifications
"Dropped?”

Four years of experience indicated a median rate of
cumulative undocumented critical values rates/1000
results of 22.6 (50th percentile), with a higher
median rate for outpatients (27.7/1000) than for
inpatients (20.2/1000) (not statistically significant).

An undocumented critical value is defined as a
critical value that did not have documentation of
successful caregiver notification. Thus, dropped
calls were approximately 0.1% to 0.3% of all critical
values notifications, as derived from the author's
raw data from the recent survey



critical results and critical tests

The last topics are critical results and critical tests.

Two years ago, the Joint Commission surprised many of us by
clarifying that “critical results“ and “critical tests“ are two different
things.

Critical results—also known as critical values—are results that always
require rapid communication. So, for example, a high potassium, low
platelets, high PTTs.

Critical tests (also known as stat tests), on the other hand,
are a separate list of tests that always require rapid
reporting of results even if normal.

Tests such as troponin T for emergency room patients. The requirements for
monitoring critical results versus critical tests are different. For critical tests,
the JC requests that the monitoring be from test ordering to test resulting.
This is challenging for most centers. Test ordering is a difficult thing to
monitor. The time of order may not be the same as the time you want the test
drawn. It is in a theoretical sense the appropriate thing to monitor, but
practically it’s very difficult to get an accurate order time and then to use that

order time as the basis for process improvement. The best thing to do is
measure all the times you have available—the lab time, the receipt
time, the result time, and, if available, the order time.



High-Sensitivity Troponin Test

e Between 1995 and 2007, the limit of
detection fell from 0.5 ng/mL for some
cTn assays to 0.006 ng/mL for Tnl-
Ultra, an =100-fold improvement in
analytic sensitivity



Table 4. Test Definitions: UCLA Clinical Laboratories

Term Definition

Routine Tests  Testing not identified as urgent. Standard testing intervals are
defined for all tests in the laboratory reference manual.

Critical Tests Tests identified by the institution as critical to patient
care for monitoring and trend analysis for improvement.

Critical Values Testing results that may be indicative of imminently life-
threatening conditions requiring rapid clinical intervention
(within 24 hours). Critical values fall significantly outside the

normal range. They may be the result of routine or "stat"

(Critical Test Results)

testing.
Signiﬁcant Testing results indicative of critical diagnoses or unexpected findings
o that would not be considered imminently life-threatening.
Findings
Read Back When laboratory values are reported, the receiver writes the

results and then reads back what is written to the reporter to
confirm the message has been accurately understood.



Cardiac Biomarkers

e Current cardiac biomarker tests
used to help diagnose, evaluate, and
monitor patients suspected of having
Acute Coronary Syndrome (ACS):

° and



critical tests

» The critical tests are typically applied
primarily to inpatient and ED tests.

» The good thing about the critical test
standard is that they’re leaving it up to
the institution to make up its list.

e There’s a lab | know of that has a
single test on its critical tests list. We
have 11 on ours.
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- three
different isoenzymes

exist

Heart-related

isoenzymes of CK

Oxygen-storing

Regulatory protein
complex. Two
cardiac-specific

isoforms: T and |

Commonly Used Cardiac Biomarker Tests

Heart, brain, and

skeletal muscle

Heart primarily, but
also in skeletal

muscle

Heart and other

muscle cells

Heart

Injury to muscle

and/or heart cells

Injury to heart and/or

muscle cells

Injury to muscle

and/or heart cells

Injury to heart

4 to 6 hours after
injury, peaks in 18 to
24 hours

4 to 6 hours
after

, peaks
in12 to 20
hours

2 to 3 hours after
injury, peaks in 8 to

12 hours

4 to 8 hours

48 to 72 hours,

unless due to

continuing injury

24 to 48
hours, unless
new or
continuing
damage

Within one day after
injury

Remains
elevated for 7
to 14 days

Performed in
combination
with CK-MB

Less specific
than troponin,
may be
ordered when
troponin is
not available

Sometimes performed
with troponin to
provide early

diagnosis

Diagnose heart
attack, assess
degree of
damage



UH Laboratory

CK (U/L) Normal Range: 0-215

CKMB (ng/mL)

RELATIVE INDEX- Rl (%MB OF CK)
CKMB <7 and Rl <4% :Negative
CKMB <7 and RI >4% :Equivocal

CKMB >=7 and Rl <4% :Equivocal
CKMB >=7 and Rl >4% :Positive

TROPONIN |
LESSTHAN 0.07 NG/ML: NEGATIVE

0.07 - 0.5 NG/MVL.CONSISTENT WITH POSSIBLE CARDIAC DAMAGE AND
POSSIBLE INCREASED CLINICAL RISK.

>0.5 NG/ML.CONSISTENT WITH CARDIAC DAMAGE, INCREASED CLINICAL RISK
AND MYOCARDIAL INFARCTION.
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Timing Summary

TEST ONSET PEAK DURATION

CK/CK-MB 3-12 hours 18-24 hours 36-48 hours

Troponins 3-12 hours 18-24 hours | Up to 10 days

Myoglobin 1-4 hours 6-7 hours 24 hours

LDH 6-12 hours 24-48 hours 6-8 days




Troponin

* The troponins are a family of proteins found
in skeletal and heart muscle fibers.The three
different types of troponin are called
troponin C (TnC), troponinT (TnT),
and troponin | (Tnl).

* Together, these three proteins regulate
muscular contraction.

e Two of the proteins, Tnl and TnT, occur
in a form that is found only in the heart



o
Troponin
e What does the test result mean?

* Normally, cardiac troponin levels are so low that they cannot be
measured. Even slight elevations may indicate some degree of
damage to the heart.When a patient has significantly elevated
troponin concentrations, then it is likely that the patient has had a

or some other form of damage to the heart.When a
patient with chest pain and/or known stable has normal
troponin values, then it is likely that their heart has not been
injured.

» Troponin values can remain high for 1-2 weeks after

a heart attack.

* The test is not affected by damage to other
muscles, so injections, accidents, and drugs
that can damage muscle do not affect
troponin levels.

 Troponin may rise following strenuous

exercise,although in the absence of signs and symptoms of
heart disease, it is usually of no medical significance.



Troponin T & 1

= Require myocardial necrosis for release
from sarcomere.

= Early rise (4-12 hours after symptom).

= Peak 12-24 hours.

= Continuous release up to 10-14 days
2nd to constant release/necrotic
sarcomeres.

* Unclear excretion pathway.



Troponin

e These cardiac-specific troponins, called cTnl and
cI'nT,are normally present in very small
quantities in the blood.

* When there is damage to heart muscle cells,
cardiac troponins | and T are released into
the circulation. The more damage there is,
the greater the concentration of cardiac
troponins | and T in the blood.

* When a patient has a , levels of
troponins can become elevated in the blood

within 3 or 4 hours after injury and
may remain elevated for 10 to 14

days.



Troponin

e usually a laboratory will offer one test or the
other. Troponins are sometimes ordered
along with other , such

as or

* However, troponins are the preferred tests
for a suspected heart attack because they are
more specific for heart injury than other
tests (which may become positive in skeletal
muscle injury) and remain elevated for a
longer period of time.



Troponin
e When is it ordered?

* The troponin test will usually be ordered when

a patient with a suspected

first comes into the emergency room and then
may be repeated at 4 and |12 hours later.

* |t is sometimes ordered along with other tests
such as , , or

e Typically, 2 or 3 troponin tests are done
over a |2- to |16-hour period



Troponin
¢ Is there anything else | should know?

* Increased troponin concentrations should not be
used by themselves to diagnose or rule out a
. A physical exam, clinical history, and
ECG are also important.

e Some people who have a heart attack will have
normal troponin concentrations, and some people
with increased troponin concentrations have no
apparent heart injury.

e Troponin levels may also be elevated with
acute or chronic conditions such as
myocarditis (heart inflammation),

, severe infections, ,
and certain chronic inflammatory conditions
of muscles and skin
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Bedside testing

“ Trop T and .
= 96% concordance with quantitative tests.



99th percentile

High-Sensitivity Troponin Test
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What Is a Positive Troponin Result? The 99th Percentile Rule

* The National Academy of Clinical Biochemistry issued a guideline in
2007 that stated that “in the presence of a clinical history suggestive of
ACS, the following is considered indicative of myocardial necrosis
consistent with myocardial infarction: maximal concentration of cTn
exceeding the 99th percentile of values (with optimal precision defined
by total c.v. [coefficient of variation] <10%) for a reference control
group on at least one occasion during the first 24 hours after the
clinical event.”

» This guideline provides the framework for determining the decision
limit or a “positive’ troponin result.

e Based on the 99th percentile rule, troponin decision limits
of several high-sensitivity cTn assays can be set as low as
0.0l ng/mL.° This makes it possible to identify patients

with ACS earlier, enabling earlier coronary intervention

( ). However, while improving clinical sensitivity for the
diagnosis of myocardial infarction, the increased analytic sensitivity has
come at the cost of reduced specificity, thus presenting an additional
diagnostic challenge for clinicians.



What Is a Positive Troponin Result? The 99th Percentile Rule
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» cardiac troponin | (cTnl) levels in a healthy reference population and in an acute
coronary syndrome (ACS) population.Top, Frequency histograms of real Tnl
levels (blue filled) in healthy reference controls are shown, along with the
distribution of the same Tnl levels as measured with a less precise cTnl (green)
and the more precise Tnl-Ultra (blue) assay for comparison. In practice, the
values below the assay detection threshold (dashed portions of the histogram
plots) cannot be distinguished from one another. Note how the 99th percentile
decision limits decrease with increased assay precision. Bottom, Hypothetical
frequency histograms of cTnl concentrations in individuals with ACS <2, 2 to 3,
or 3 to 4 hours after the onset of symptoms.The decision limits (dashed vertical
lines) for the contemporary high-sensitivity cTnl assays are based on the 99th
percentile in a healthy reference population.

 Note the impact of decreased diagnostic cutoffs of the
newer cTnl assays on the fraction of acute myocardial
infarctions diagnosed at earlier time intervals.



The Need for Serial Troponin Testing

 In addition to the absolute level of cTn in plasma or
serum above the decision limit, a critical component of
the diagnosis of ACS is cTn kinetics. This was
reiterated in the current universal definition of
myocardial infarction adopted in 2007.° Although
absolute cTn elevations are seen in multiple chronic
cardiac and noncardiac conditions, a rise or fall in
serial cTn levels strongly supports an acutely
evolving cardiac injury such as, most commonly,
acute myocardial infarction.

e Serial cTn testing helped establish final diagnoses
in our 3 patients.
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The Need for Serial Troponin Testing

o . Patient 1 ( , top) had a steady but relatively slow increase in cTnl
with a peak value of 0.9 ng/mL. The findings of acute dilated
cardiomyopathy and global ventricular dysfunction on echocardiography
were consistent with a diagnosis of acute myocarditis.

* Patient 2 ( , middle) had modest cTn elevations fluctuating just above the
decision limit in the 0.05 to 0.09 ng/mL range. She was diagnosed with acutely

decompensated heart failure.Additional Tnl testing did not provide evidence of
ACS.

e Tnl levels in patient 3 ( , bottom) rose to a peak of 53 ng/mL within 24
hours. He was diagnosed with non—ST-segment—elevation myocardial infarction
when the second cTn result of 6.3 ng/mL was obtained after 6 hours.The rapid,
steep increase from the initial barely positive value of 0.06 ng/mL to the 6-hour
value of 6.3 ng/mL illustrates that more frequent testing during the first several
hours may be sufficient to detect a diagnostic rise in cTn levels that is eventually
destined to increase by a few orders of magnitude such as the peak of 53 ng/mL in
this patient.
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Causes of Elevated Plasma Cardiac Troponin
Other Than Acute Coronary Syndromes

Cardiac Causes

Cardiac contusion resulting from trauma

Cardiac surgery
Cardioversion

Endomyocardial biopsy

Acute and chronic heart failure

Aortic dissection
Aortic valve disease
Hypertrophic cardiomyopathy
Tachyarrhythmia
Bradyarrhythmia, heart block

Apical ballooning syndrome

Post—percutaneous coronary intervention
Rhabdomyolysis with myocyte necrosis

Myocarditis or endocarditis/pericarditis

Noncardiac Causes

Pulmonary embolism

Severe pulmonary hypertension
Renal failure

Stroke, subarachnoid hemorrhage

Infiltrative diseases, eg, amyloidosis

Cardiotoxic drugs
Critical illness
Sepsis
Extensive burns

Extreme exertion
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CARDIACTROPONIN Methodology

This assay has less than 0.1% cross-reactivity with
skeletal Tnl, but it was not suited for clinical use
because of the lengthy assay time.

Over the past |5 years, numerous manufacturers have
described the development of monoclonal
antibody-based diagnostic immunoassays for
the measurement of cTnl in serum.

Assay times range from 5 to 30 minutes.

over a dozen assays have been approved by the FDA
for patient testing within the United States on
central laboratory and POCT platforms.



CARDIACTROPONIN
Methodology

Cummins and co-workers were the first to develop a
radioimmunoassay to measure cTnl that used polyclonal
anti-cTnl antibodies.60 Although the assay showed approximately
2% cross-reactivity with skeletal Tnl, it still had excellent

clinical specificity for cardiac muscle injury. The assay

was never automated or developed for commercial use.
The first monoclonal ELISA, anti-cTnl antibody-based

Immunoassay, was described by Bodor et al



CARDIACTROPONIN Methodology

» these quantitative assays, several assays have been FDA
approved for the qualitative determination of cTnl.

* |n practice, two obstacles limit the ease for switching from one
c I'nl assay to another. First, there is currently no primary
reference cTnl material available for manufacturers to use for
standardizing their assays. Second, assay concentrations fail to
agree because of the different epitopes recognized by the
different antibodies used An effort has been underway since
200 | by the AACC Subcommittee on Standardization of cTnl
to prepare a primary reference material.50In collaboration

with the National Institute for Standards and Technology
(NIST),



Quality Specifications-Cardiac Troponin Assays
e A.Analytical Factors

|. Antibody specificity-recognize epitopes as part of molecule and equimolar for all
forms

2. Influence of anticoagulants

3. Calibrate against natural form of molecule

4. Define type of material useful for dilutions

5. Demonstrate recovery and linearity of method

6. Describe detection limit and imprecision (10% CV)

7.Address inferents, i.e., rheumatoid factor, heterophile antibodies

* B.Preanalytical Factors
* |.Storage time and temperature conditions
» 2. Centrifugation effects-gel separators

* 3.Serum-plasma-whole blood correlations
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Copeptin a novel cardiac biomarker

* One of the major challenges in emergency medicine
is the early diagnosis of Acute Myocardial Infarction
(AMI) in patients presenting with chest pain or other
symptoms suggestive of this disease. Until now
Troponin is the most effective biomarker. According

to study data, the combination of Troponin
and Copeptin, a novel cardiac biomarker
from BRAHMS Aktiengesellschaft,
allows a rapid and reliable rule out of
AMI right at the initial blood draw when
the patient presents to the Emergency
Department (ED).



Copeptin a novel cardiac biomarker

* Approximately |5 million patients present to the Emergency
Department (ED) with symptoms suggestive of Acute
Myocardial Infarction (AMI) every year.

e The vast majority (70 to 80%) of them finally prove not to have
AMI.

 However, due to a delayed increase of circulating levels of
Troponin it takes up to six hours before it can be
measured.Therefore serial blood sampling is
recommended by the European Guidelines.

» Study results indicate that by testing for both markers,
along with an Electrocardiogram (ECG) and the
clinical findings, approximately two-thirds of the
patients would not need to wait those six hours
in the ED for the second Troponin test



Copeptin a novel cardiac biomarker

e Copeptin levels were significantly higher in AMI patients
compared with those in patients having other diagnoses
(median 20,8 pmol/l vs. 6,0 pmol/l, p<0,001).

» The combination of Troponin and Copeptin at initial
presentation resulted in an area under the receiver-
operating characteristic curve of 0,97 (95% confidence
interval: 0,95 to 0,98), which was significantly higher
than the 0,86 (95% confidence interval: 0,80 to 0,92) for

Troponin alone (p<0,001).

e A Copeptin level < 14 pmol/l in combination with a
Troponin ? 0,01 pg/l correctly ruled out AMI with a
sensitivity of 98,8% and a negative predictive value of
99,7%.



Copeptin

» Copeptin, the C-terminal part of the
vasopressin prohormone, is a marker of acute
endogenous stress.Arginine vasopressin
(AVP) is a key hormone in the human body

» Copeptin measurement has been
shown to be useful in various clinical
indications, including the diagnosis of
diabetes insipidus and the monitoring of
sepsis and cardiovascular diseases

¢ Contact:
BRAHMS Aktiengesellschaft
Ingo Buchholzer
Public Relations Manager
Phone: +49 3302 883-637
Fax: +49 3302 883-635
Mobile: +49 172 323 4087
E-mail: i.buchholzer@brahms.de
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Myoglobin

v'Rapid rise
v"Non-specific.
v"Cannot be used alone to confirm Ml



Plasma Homocysteine

Coronary Heart Disease



homocysteine

* When to Get Tested?
e |- vitamin B2 or folate deficiency

e 2-infant or young person homocystinuria

¢ 3- a heart attack or stroke and do not
have traditional risk factors, as part of a



homocysteine
e What is being tested?

This test determines the level of homocysteine in the blood or
urine.

Homocysteine is a product of methionine metabolism. Methionine
is one of the eleven "essential" amino acids - amino acids that must
be derived from the diet since the body cannot produce them. In
healthy cells, homocysteine is quickly converted to other products.

Vitamins B6, Bl2, and folate are necessary to metabolize
homocysteine. People who are deficient in these vitamins
may have increased levels of homocysteine.

excess homocysteine may promote atherosclerosis by
damaging blood vessel walls and supporting the formation
of inappropriate blood clots, but there is not a direct link
between the two.The benefit of using homocysteine levels
for risk assessment of ,
peripheral vascular disease, and is uncertain given that
several studies indicate no benefit or lowering of CVD risk with
folic acid and B vitamin supplementation



homocysteine

e How is it used?

* A doctor may order both a urine and
blood homocysteine to help diaghose
homocystinuria if she suspects
that an infant may have this inherited
disorder. In some states, babies are
tested for excess methionine as part
of their

* If a baby's test is positive, then urine
and blood homocysteine tests are often
performed to confirm the findings.



homocysteine
eHow is it used?

e Homocysteine may also be
ordered as part of a screen for
people at high risk for

or

* |t may be useful in someone who
has a family history of
but no other
known risk factors.



Reference Ranges for Hcy

» reference ranges for Hcy depend on dietary
practices of a population and decreased by
about 15% in North America following the
mandatory supplementation of flour with folate
in 1998.°! Dietary intakes of folate and vitamin
B,, are 2 of the major dietary factors affecting
Hcy levels. Age is a second major factor.

 In parts or the world without folate
supplementation upper reference limits are
approximately 15 and 20 ymol/L,
respectively,



Specimen Collection and Processing
for Hcy Testing

e Fasting levels are recommended because a
protein-rich meal can induce increases in
Hcy levels for the next several hours

» one of the greatest challenges for clinical laboratories is to assure
that blood specimens are processed rapidly. Homocysteine is
released from cellular elements of blood so that the
plasma or serum Hcy concentration increases by about
10% per hour unless the plasma or serum is separated

from the cells.



Methods for Measuring Hcy Concentrations

 Many research studies have measured Hcy
levels using high-performance liquid
chromatography (HPLC).

e simple colorimetric enzyme assays for Hcy
allow analyses to be performed on routine
clinical chemistry

» tandem mass spectrometry has become
another option for analysis of Hcy.[?°1 Method
comparisons indicate relatively small biases
between different methods.



Cardiac Biomarkers
» Additional biomarker tests that may be
used to evaluate risk of future cardiac events
(prognosis):

° (or NT-proBNP)



Cardiac Risk Assessment

~ eLipid profile;
ohs-CRP;

el p(a);
eLp-PLA2




Expand TableBiomarker Tests User for Prognosis

hs-CRP

BNP and Hormone

NT-proBNP

Protein Inflammation

Heart failure

May help
determine risk of
future cardiac
events in patients
who have had a
heart attack

Help diagnose
and evaluate
heart failure,
prognosis and to
monitor therapy



hs-CRP

e Why Get Tested?

* May be helpful in assessing risk of developing
, , or other
processes involving inflammation

e When to Get Tested?

* No current consensus exists on when to get
tested; hs-CRP is most often done in
conjunction with other tests that are
ordered to assess risk of heart disease,
such as a (cholesterol,
triglycerides, HDL-C, LDL-C



Clinical Application of hs-CRP for
Cardiovascular Risk Prediction

1 mg/L 3 mg/L 10 mg/L >100 mg/L
———
Low  Moderate High Acute-Phase Response:
Risk Risk Risk Ignore Value, Repeat Test in
3 Weeks

AHA/CDC Statement. Circulation 2003; 107:499-511



AHA/CDC Recommendations for Clinical
and Public Health Practice

Laboratory Testing

. hoId ordinarily be done 2x 2 weeks apart

(Class
lla, Evidence B)

(Class I, Level of
Evidence A)

* hs-CRP (using standardized assays), categorize as:

AHA/CDC Statement. Circulation 2003; 107:499-511



AHA/CDC Recommendations for
Clinical and Public Health Practice

ﬁ'nical Practice

Independent marker
Intermediate risk by global risk assessment
(10%-20% CHD/yr) may help direct further evaluation & therapy
(Class lla, Level of Evidence B)

may be used at discretion of the

physician as part of global risk assessment in adults without
known CVD (Class llb, Level of Evidence C)

AHA/CDC Statement. Circulation 2003; 107:499-511



AHA/CDC Recommendations for
Clinical and Public Health Practice

e

Clinical Practice / Population Science

(Class lIb, Level of Evidence C)

(Class lll, Level of Evidence C)

AHA/CDC Statement. Circulation 2003; 107:499-511




AHA/CDC Recommendations for
Clinical and Public Health Practice

7%

Clinical Practice

documented CAD or ACS
independent marker
of prognosis
(Class lla, Evidence C)

(Class lll, Level of Evidence A)

(Class lll, Level of Evidence

C)

AHA/CDC Statement. Circulation 2003; 107:499-511




high-sensitivity CRP methods

» These high-sensitivity methods usually have used ELISA

methodology, and a single in-house ELISA assay
was used for several epidemiologic studies (5)(©).

» This methodology is primarily for research use and
generally is not routinely available in clinical laboratories.
Standard CRP methods in the clinical laboratory have
limits of detection of 3—5 mg/L and are unsuitable for
these applications. Recently, several automated hs-CRP
assays have been developed that are suitable for routine
use in the clinical laboratory. They possess greater
precision at low concentrations of CRP.



hs-CRP

What is being tested?

C-reactive protein (CRP) is made by the liver and secreted
into the bloodstream. It can be measured with two different
tests: the and the high-sensitivity CRP (hs-CRP) test,
each measuring different ranges of CRP levels in the blood.
The hs-CRP test can more accurately detect lower
concentrations of the protein (it is more sensitive)
than the standard CRP test.

CRP increases with inflammation and infection as well as
following a myocardial infarction (Ml, ), surgery,
and trauma.

As a result, CRP is one of several proteins that are
often referred to as acute phase reactants and is used
to monitor changes in inflammation associated with
many infectious and



hs-CRP

e |t is now believed that inflammation plays a major role in
atheroslcerosis (the narrowing of blood vessels due to build-
up of cholesterol and other lipids), which is often associated
with . Studies have shown that
measuring CRP with the improved methodology of the highly
sensitive assay can identify the risk level for CVD in
apparently healthy people. For these high-risk individuals, this
more sensitive test allows for measurement of lower
concentrations of CRP that may be within the normal range
but consistently at the higher end of the range. These
normal but relatively high levels of CRP in otherwise
healthy individuals have been found to be predictive
of the future risk of a heart attack, , sudden
cardiac death, and peripheral arterial disease, even
when cholesterol levels are within an acceptable
range.



How is it used?
* There are two different tests for CRP.The
measures a much wider range of CRP levels but is less
sensitive in the lower ranges.

e The hs-CRP test can more accurately detect lower
concentrations of the protein (it is more sensitive),
which makes it more useful than the CRP test in
predicting a healthy person'’s risk for

* hs-CRP is promoted by some as a test for determining the
potential risk level for cardiovascular disease, ,
and .The current thinking is that hs-CRP can play a role
in the evaluation process before one encounters one of these
health problems. More clinical trials that involve measuring hs-
CRP levels are currently underway in an effort to better
understand its role in cardiovascular events and may eventually
lead to guidelines on its use in screening and treatment
decisions



Recommendations of a Joint Committee of the American Heart
Association and the Centers for Disease Control and Prevention on CRP
Testing to Assess CHD Risk

if inflammatory markers are to be used in assessment of CHD risk, hsCRP is the
current analyte of choice ¢

Optimally, hsCRP results should be averaged from two specimens drawn about 2
weeks apart. If a level > 10 mg/L is identified, there should be a search for an obvious
cause of infection or inflammation; that result should then be discarded, and another
test done 2 weeks later

* Decision intervals are: < | mg/L, low risk; -3 mg/L, intermediate risk;
> 3-mg/L, high risk (approximately corresponding to tertiles in the adult
population)

* Patients most likely to benefit from an hsCRP test would be those in whom the
risk estimate from established factors is moderate (i.e., approximately 10-20% risk of

CHD in the next 10 years), and the physician desires additional information to guide
preventive therapy

* The role of hsCRP in secondary prevention (i.e., prevention of disease
progression in patients with established CHD) is limited, because it is not likely to
alter management (which needs to be aggressive, regardless of additional information
provided by CRP or other markers)

e Universal hsCRP screening of the adult population is not warranted.



hs-CRP

When is it ordered?

hs-CRP usually is ordered as one of several tests in a
cardiovascular risk profile, often along with tests for

and .Some experts say that the best
way to predict risk is to combine a good marker for
inflammation, like hs-CRP, along with the

What does the test result mean?

People with higher hs-CRP values have the highest
risk of , and those with lower
values have less of a risk.

Specifically, individuals who have hs-CRP results in the
high end of the normal range have 1.5 to 4 times the
risk of having a as those with hs-CRP
values at the low end of the normal range.



Studies have shown that measuring CRP with a high
sensitivity test can help identify risk of

hs-CRP test is different from the regular ,
which detects elevated levels of CRP in people with
infections and inflammatory diseases.

The hs-CRP test measures CRP that is in the normal
range for healthy people. It can be used to distinguish
people with low normal levels from people with high

normal levels.

High normal levels of hs-CRP in otherwise healthy
individuals have been found to be predictive of the
future risk of , ,sudden cardiac
death, and peripheral arterial disease, even when lipid
levels are within acceptable ranges.



What is the difference between regular CRP
and hs-CRP tests?

» Both tests measure the same molecule in
the blood. The high sensitivity CRP (hs-
CRP) test measures very small amounts of
CRP in the blood and is ordered most
frequently for seemingly healthy people to
assess their potential risk for heart
problems. It measures CRP in the range
from 0.5 to 10 mg/L.

 The regular CRP test is ordered for patients at risk

for infections or chronic inflammatory diseases

(see Question #1). It measures CRP in the range
from 10 to 1000 mg/L.



* Lp(a) is a lipoprotein consisting of an LDL
molecule with another protein (Apolipoprotein
(a)) attached to it.

e Lp(a) is similar to LDL-C but does not
respond to typical strategies to lower

LDL-C such as diet, exercise, or

most lipid-lowering drugs. Since
the level of Lp(a) appears to be
genetically determined and not easily
altered, the presence of a high level of Lp(a)
may be used to identify individuals who might
benefit from more aggressive treatment of
other risk factors.



Cardiac Natriuretic Peptides

* What is BNP?
> A 32 amino acid polypeptide

> Belong to a class of structurally similar natriuretic peptides (classes A,B,C and D)

> Secreted by cardiac myocytes (mainly left) in response to excessive distension of the Heart
ventricles

> Similar to ANP (Atrial Natriuretic Peptide) but has longer t,,, (~20mins, double that of ANP)
Named after extracts found in Pig-brain

* What is NT-proBNP?
> NT-proBNP is a biologically inactive 76 amino acid N-terminal fragment
> Co-secreted with BNP

> Even longer t;,, than BNP (~1-2hrs vs ~20mins)

» Biological effects of Cardiac Natriuretic peptides
> Increase Natriuresis
> Decrease peripheral vascular resistance

> Overall reduce blood volume and therefore Cardiac Output



BNP
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ProBNP Derived Peptides & Commercial Assays

NT-proBNP

1 W ™ ™
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Biologically Inactive

NT-proBNP: Roche Diagnostics BNP:

Abbott Diagnostics

: Biosite
Dade Behin
9 Beckman Coulter

Bayer



Synthesis in myocytes

e Synthesis

Figure |: Biology of NT-proBNP and BNP

N-terminal proBNP | ..
t,,, =60-120min t, =18min



Mechanisms of ProBNP Expression

Myocardial
Hypoxia

Myocyte
Stretch

Circulating BNP and NT-ProBNP

Goetze JP Scand J Clin Lab Invest 2004; 64: 497-510



Heart Failure Diagnostics
e BNP and NT-ProBNP

- Assist in the diagnosis of Heart Failure (along with other tests and
symptoms)

o Can be used to ‘grade’ the Heart Failure based on concentrations found
by assay

o Useful in Prognosis
Poor prognosis typically consistent with higher blood concentrations

e When is the test ordered?

i1
- GP surgery or emergency setting l.e. Casualty/ER %\k

BNP/NTPro-BNP Assays Yo
- Require a fully automated immuno-assay methods

> Immuno-assays are antibodies specific to different epitopes on the
peptide chain

- Selection of epitope design based on enzymatic cleavage considerations
- BNP vs NTPro-BNP measurement have different advantages, l.e. due to
1:1/2



Conclusions
o Statistical conclusions
> | There was some “dyshomogeneity” in the Chronic HF
group results compared to Acute but this was not

statistically significant — likely a result of greater
homogeneity in acute Emergency setting

> v Both BNP and NT-ProBNP have a “high diagnostic
accuracy”

> v" Both are clinically relevant

o v/ Both are suitable for Acute and Chronic Heart failure
diagnostics

e Theoretical conclusions

> As BNP has shorter t,,, therefore in theory can reflect more
recent ventricular status



B-type natriuretic peptid (BNP)
N-terminal pro b-type natriuretic peptide
e Why Get Tested?

* Jo help diagnose the
presence and severity of



What is being tested?

» These tests measure the concentration of BNP or NT-proBNP
in the blood. The heart normally produces low levels of a
precursor protein, pro-BNP which is cleaved to release the
active hormone BNP and an inactive fragment, N T-proBNP.

* The purpose of BNP is to help regulate blood volume and,
therefore, the work that the heart must do in pumping blood
throughout the body.

e Both BNP and NT-proBNP are produced mainly in the
heart’s left ventricle (the organ’s main pumping chamber).
When the left ventricle is stretched from having to work
harder, the concentrations of BNP and NT-proBNP in blood

can increase markedly. This situation may occur in

as well as other diseases that affect the heart and
circulatory system.



How is it used?
Either BNP or NT-proBNP may be used to help diagnose
and to grade the severity of that
heart failure.

There are various causes of heart failure. Currently, the
condition is diagnosed by the presence of symptoms such as
swelling in the legs (edema), difficulty breathing, shortness of
breath, and fatigue, in addition to chest X-rays and an
ultrasound test called echocardiography. However, heart failure
is still often confused with other conditions.

BNP and NT-proBNP levels can help doctors
differentiate between heart failure and other

problems, such as

An accurate diagnosis is important because heart failure can
be successfully managed with various medical treatments.



When is it ordered?

* A BNP or NT-proBNP test may be ordered
under these circumstances:

 In your doctor's office, if you have
symptoms that could be due to

e In the emergency room, if you are in
crisis and doctors need to quickly
determine whether you are suffering
from heart failure or some other
medical problem.

 To monitor the effects of therapy for
heart failure.



What does the test result mean?

* Higher-than-normal results suggest that a

person is in ,and the

level of BNP or NT-proBNP in the
blood is related to the severity of
heart failure.

* Higher levels of BNP or NT-proBNP also
may be associated with a worse outlook
(prognosis) for the patient.



Is there anything else | should know?

e BNP and NT-proBNP levels decrease in most
patients who have been taking drug
therapies for , such as ACE
inhibitors, beta blockers, and diuretics.

 Levels of both BNP and NT-proBNP tend to
increase with age.

o Levels of NT-proBNP and BNP are increased in
persons with

* While both BNP and NT-proBNP will rise with left
ventricle dysfunction and either can be measured,
they are not interchangeable and the results cannot
be directly compared.



Expected Values in Health
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Interpretation:

v Values <125 ng/L exclude cardiac
dysfunction with a high degree of
certainty in patients with symptoms
suggestive of heart failure.

v Modest elevations above the age/sex reference
range may indicate cardiac dysfunction.

v Significant elevations are only seen in acute/chronic
heart failure and correlate with severity/prognosis.



Reference Values for NT-proBNP

Age (years)

<45

45-54

54-64

64-74

>74

97. Sth percentile

115

172

263

349

/38

Roche Diagnostics 2007




Cut-off Values

» Decision Threshold of 125 ng/L has a
sensitivity of 88% and specificity of
92% ie a NPV of 97% and PPV of
80% for HF.

 Decision threshold of 300 ng/L has a
sensitivity of 99% and specifity of 60%
ie a NPV of 98% and PPV 77%
patients presenting with acute
dyspnoea in A&E.



B-Type Natruretic Peptide (pg/ml)

B-Typa Natnuretic Peptide (pg/ml)

1400
1200
1 OO0
00
00
<0
=Z0M0

1400

1200

1000
BO0

<R HD

200

T

I

=

L ]

[ ¥ P
Congestive
Heart Failure
(M= 0)

1

Dwvspnea Dua to Dwsprnea Due
MNoncardiac Causes o Congestive
imn Patients with a&a Heart Failure
History of Left (="}
YVentricular Dysfurnction
(N=T2)

T

- T |

I
(=18)

¥ i 1
(=1 52) (MN=351) (N=2TE)

MNew York Heart Association CGlass



