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administration of these thrombolytic
agents within 1 hour of the onset of
symptoms was shown to reduce mor-

Presently, only 16-40% of MI
patients are’administered thrombolytic
| drugs in the United States.™* Thisis
taity by 50% (from 10% mortality to degplte the studies discussed above

5%).° In addition and despite a 1993 European study
proximately 6 that demonstrated a significant

Coronary atherosclerosis resultsin
1.5 million reported cases of acute
myocardia infarction (MI) annualy in
the United States accountln% or
approximately 500,000 deaths.*? approximatel
Advancements'in the treatment of M| when administered

discussed below) have increased the
0-day survival Tate from approxi-
mately 75% in 1970 to 90% today.*
Despite this, M| remains the |eadin
cause of death in the US. Recen
advancements in the biochemical
detection and monitoring of M| will
likely reduce the mortality rate even
further.

Acute M| occurs when a lack of
oxygen (ischemia) leads to the death
of heart muscle (myocardial necros's).
AIthou%h there are many possible
causes, the most common ¢ause of Ml
is blockage of a cor_onar%/ artery asa
result of clot formation (thrombosis),
usually at a site of advanced athero-
sclerosis and vessel wall |njug¥.4
Althougﬁ the heart pumps oxygenated
blood through its cavities, itS hard-
working tisstes require supplemental
oxygen from another source. The
right and left coronary arteries,
branching from the aorta; supply the
entire heart with this additional 'oxy-

en. As such, the formation of a clot

at restricts the blood flow of either
coronary artery results in myocardial
ischemia an shortB/ thereafter
myocardial necrosis. Unless medic
intervention is immediate, prolonged
ischemia of the myocardium resultS in
amajor cardiac arrest.

The Igoals of the early treatment of
M1 include dissolving the obstructing
clot, restoring blood-flow of the
occluded coronary artery, and sal-
vagmgl_as much mP/ocardl um as possi-
ble> “Treatments for M| include both
gggrmacologlc and mechanical meth-

The pri mar¥ pharmacol ogic meth-
ods involve the intravenous (1V)
administration of various thrombolytic
agents; these include streptokinase,
recompbinant tissue plasminogen acti-
vator %t-PA), anisoylated plasminogen-
streptokinase activator complex
(anistreplase), and urokinase. When
ministered early in the course of M1,
these clot-dissolving drugs have
Proven effective in reducing the mor-
dity of M| patients. In particular, IV

8-04

hours after the onset of symptoms,
thrombolytic therapy resultéd in a 25-
30% reduction in mortality (10% to
approximately 7%).> Furthermore,
two studies noted an increased sur-
vival rate when t-PA was administered
6-12 hours post-infarct * and when a
streptokinase-aspirin combination
therapy was administered up to 24
hours post-infarct.® Despite the |atter
two reports, most studies reveal that
the efficacy of thrombolytic therapy
diminishes sharply over time, with the
ﬁreatess(t5 benefit observed in the first 6
ours.>

Two surgical techniques, percuta-
neous transluminal coronary angio-
Blasty PTCA) and coronary artery

ypass grafting (CABG), have also
proved Very successful ir treating Ml
patients. Using either of these tech-
niques, successful reperfusion has
been reparted in as high as 92% of
reated patients and 1n-hospital mortal -
Et;y has been reported as low as 6%.°*°
Yecause these techniques are expen-
sive, labor-intensive, and relatively
ime-consuming, they are best suit
or use when thrombalytic therapy has
alled to dissolve the obstructing clot,
or when a patient presents to the emer-
gency room (ER) with active bleeding
or with another contraindication for
thrombolytic therapy.

Early Diagnosis

With the availability of the above-
mentioned treatment modalities, early
and accurate diagnosis of M| is more
important than ever. Early classifica
tion of patients intg the categories of
stable angina pectoris (the présence of
lumen-restricting plaques in a coro-
nary artery), unstable angina pectoris
(characterized by plaque separation
and a partially-occlusive clot), and M1
gg nificant plaque separation and a
otally-occlusive clot) is vital to deter-
minihg which patients would benefit
from thrombolytic therapy, which
should recelve sUrgical treatment, and
which should be sent home.

increase in survival when thrombolytic
agents were administered by emer-
%ency personnel prior to arrival at a

ospital, as compared to post-hospital
drug admini-stration.®* The limited use
of thrombolytic agentsis largely due
to the lack of a reliable set of cfiteria
for the early diagnosis of MI. Asa
result, not onlg isTife-saving treatment
delayed, but 2-5% of all M| patients
are misdiagnosed and actually sent
home.'* The effects of inadequate
early M1 diagnosis are far reaching:
Failure to diagnose M1 is the largest
source of malpractice expenditure
resulting from the ER.**%*

ECG
. To date, electrocardiography (ECG?
is the most. widely-used method of M
diagnosis.”  Studies have shown that
ECG can be diagnostic for M1 almost
immediately after M1, e
Unfortunately, however, as man% as 1
in 4 M| patients present to the ER with
anormal or an ambiguous ECG that is
not diagnostic for MI.5¥#2  |n addi-
tion, the interpretation of ECG
changes often relﬂw res a cardioglogist
for aconfirmed MI diagnosis. #? As a
result, ECG isinconclusive in alarge
percenta%e of cases; the reported accu-
racy of ECG In the diaghosis of Ml
rane%es from 18-93%, depending on
whether single or serial measurements
were taken and whether “borderline’
atients were included or excluded in
he study.?#»%2 ECG is a very valu-
able marker for M1 when unequivocal
pattern changes are present, but such
changes are present only in a minority
of patients. Therefore, despite its
widespread use, ECG is not a reliable
marker for M| and often requires sup-
plemental diagnostic data.

Biochemical Markers of Ml

To assist with MI diagnosis, ECG
data is coupled with various biochemi-
markers of myocardial necrosis.
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Some of these markers include crea-
tine kinase i1soenzyme MB (CK-MB),
cardiac troponin 'and T, myo?lobl
carbonic anhydrase |11 (CA II& and
fatty acid-binding protein (F 'BP(?.
Severa other marKers are under study
or are currently in use (total CK,
myosin light chain, |actate dehydroge-
nase isoenzymes, etc.), but the present
article focuses on those markers hold-
ing the most promise for future use.

CK-MB
CK-MB is widely recognized as the
leading cardiac serum marker, espe-
cially since the advent of CK-MB
mass assays. The determination of
CK-MB mass has proven to be more
specific for myocardial necrosis than
the long-standing CK-MB activity and
CK-MB inhibition S, 282930317 CK -
MB is released after M1, is detectable
in plasma as early as 3-4 hours after
the onset of symptoms, and remains
elevated for approx-lmately 65 hours
post infarct.®*= CK-MB mass |evels
are reportedly 50% dlrz\?nostlc for Ml
at 3 hours and >90% diagnostic at 6
hours.® Such accuracy makes CK-MB
mass deter-minationis useful in con-
firming M| in patients presenting to
the ER with non-diagnostic ECGS >3
hours after the onset 6f symptoms. 2
CK-MB mass determinations, how-
ever, are not cardiac tissue specific.®
Elevated CK-MB levels have been
reported 1n significant percentages of
atients with acute skeletal muscle
rauma (59%), chronic muscle disease
,.and’ chronic renal failure
3.8%).%° Consequently, CK-MB is
not useful in confirming an M1 diagno-
sisin rpatlents who concurrently have
any of these afflictions. This notable
shortcoming of CK-MB resulted in the
search for other, cardiac specific
serum markers of MI.

Cardiac Troponin T
A serum marker that once held
romise as a cardiac specific marker
or MI isthe cardiac isoform of tro-
ponin T (cTnT). The past several
ears have seen many comparisons
etween CK-MB and cTnT. cTnT ele-
vates at approximately the same time
as CK-MB, with detectable levels pre-
sent in the serum as early as 3-4 hours
post-MI. ¢TnT, howevef, remains ele-
vated roximately 4-5times |onger
than CK-MB, with elevated leveéls
detectable for as long as 240 hours
post-M|.% } .
An areain which cTnT may provide
more d%;no_s_tlc data than -MB is
the risk stratification of suspected, but
unconfirmed, M| patients. Several
studies have relport_ed cTnT elevations
in suspected MI patients with normal

CK-MB levels. 3839404 CK-MB was
elevated in al patients with confirmed
MI, while cTnT was elevated in all
confirmed M| patients plus several
atients without confirmed MI.
urther evaluation revealed that the
latter group had unstable angina and,
thus, were at hI_Ph risk for MI. In
another study, cTnT accurately pre-
dicted the outcome of patients with
unstable angina: 92% sensitivity and
98% negative predictive value (the
likelihood of a negative test value
accurately ruling out 123“ The above
studies suggest that CK-MB is more
specific than ¢cTnT for confirming true
MI, but that cTnT is more specific for
myocardial |n1ury; as such, cTnT Is
deemed valuable in the risk stratifica-
tion of ER patients presenting with any
combination of the following symp-
toms: chest pain, non-diagnostic
ECG, and normal CK-MB Tevels.
cTnT would, therefore, assist the ER
phtysmlan in determining which
patients are at high risk for M| and
should receive thrombolytic therapy,
or should at least be monitored more
closely. )
cTNT was also shown useful in
monitoring a patient’ s response to
reperfusion therapy. Currently, coro-
nary angioplasty is the standard for
monitoring récanalization, but
researchers continue the search for less
expensive, non-invasive techniques.®*
In'a1994 _studg cTnT predicted reper-
fusion with 96% efficiency in 53
patients receiving thrombolytic
ents.? In another study, the ¢cTnT
release kinetics were markedly differ-
ent between successful and unsuccess-
ful thrombolysis.* Specifically, the
researchers determined the rafio of
cTnT levels measyred at 16 hours and
at 32 hours post-infarct (16:32 hour
cTnT ratio). A ratio greater than 1.0
indicated successful reperfusion with
949% efficiency. Furthermore, two
additional 1994 studies reported that
cTnT levels were 100% accurate in
predicting successful reperfusion after
coronary angioplasty and 92% accu-
rate in patients who'received throm-
bolytic therapy .4
urther investigation revealed that
the key to cTnT’ s accuracy in predict-
ing thé successful recanaljzation of an
occluded coronary artery liesin_how it
isreleased into Circulation. c¢TnT is
released In either a single, continuous
Peak or in a biphasic paitern with a
arge Maeak appearing at 10-18 hours
-MI and a smaller peak at 70-100
ours post-MI1.*  The release kinetics
of cardiac-related proteins like cTnT
depend on the intracellular compart-
mentalization of the protein in ques-
tion and on the blood flow in the spe-
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cific _reg%lon of myocardia necrosis. A
proteinthat is présent in the cytoplasm
of cardiac myocytes is washéed out of
the infarct arearelative to the blood
flow in that area.. Variatjons in the
blood flow at the infarct site result in
corresponding variations in the release
of ca/tosollc proteins. On the other
hand, the release of structurally-bound
roteins is independent of the blood
low of the infarct region and is very
specifically related to tissue necrosis
and_subsequent tissue degradation.

cTnT is 5% cytoplasmic and 95%
structurally-bound in the myocardium,
while CK-MB Is 100% cytoplasmic.?
As such, the early release of cTnT
(that which isreleased in a pattern
similar to CK-MB in the first 3-4
hours post-M1) represents only the
small cytoplasmic fraction, 1asts
approximat a& 30 hours, and results in
the first peak observed in the cTnT
release kinetics,*® The second cTnT
peak frequentlg observed in Ml
Rﬂatlents occurs 30 - 100 hours post-

|, after CK-MB levels have returned
to normal. This peak represents the
release of the structural Ia/-bound_ cInT
and corresponds to the degradation of
the troponin-containing myocardial
contractile apparatus. TheSe release
kinetics suggest that cTnT is potential-
Iy more useful than CK-MB in esti-
mating infarct size as the size of the
second peak is directly related to the
amount of myocardial tissue necrosis.

A 1995 study req_orte_d that the
biphasic release’of ¢cTnT is observed
only in those MI patients in which the
cytoplasmic fraction of cTnT is
cleared quickly into circulation as a
result of successful reperfusion thera-
Ry.36 Asin the 1994 reports, a 16:32

our cTnT ratio greater than 1.0 indi-
cated that most of the cytoplasmic
cTnT was released early; aresult of
restored coronary artery circulation.
The authors also noted that patients
with critical coronary artery occlusion
displayed the other release kinetic for
cTnT, asingle, prolonged elevation.
Presumably, severe blockage at the
infarct site’prevents the early release
of cytoplasmic cTnT because blood
flow is significantly restricted.
Eventually, the structurally-bound
cTnT fraction is released, resulting in
the del a¥ed continuous el evation of
serum cTnT. The authors conclud
that patients dlst()l_aylng the single peak
cTnT release kinetics have a poor
prognosis, are at higher risk for acute
cardiac complications, and must be
monitored more closely than those
patients with biphasic reléase.

The above studies had cTnT .on the
verge of widespread diagnostic use,
supplying diagnostic datathat is com-
plementar'\X to that supplied by ECG
and CK-MB mass determinations.
That was until non-cardiac patients
were detected with elevated cTnT lev-
els. Several recent reports indicate
that cTnT is elevated in chronic rend
disease, skeletal muscle disease and
trauma, and Is present in regenerating
skeletal muscle (see Scripps News
VIN3), 0404748495051 "G ch studies led Dr.
JH Ketfere to conclude in the March

96 issue of the American Journal of
Clinical Pathology, “Pending clarifica
tion of the issues of cardiospecificity,
cross-reactivity in skeletal muscle dis-
orders, re-expression of the cardiac
isoform in skeletal muscle in adults,
serum levels in myopathic states, an
change in the configuration and cost of
the assay, the cTnT assay cannot be
recommended for widespread adoption
in its current form.” Likewise, a simi-
lar conclusion was reached by Dr.
Lofberg et a.® in the July ‘96"issue of
Clinical Chemistry. Such conspicuous
statements have rather abruRtIy turned
the attention of M| researchers to the
cardiac specific marker, cTnl.
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Cardiac Troponin |

Cardiospecificity has long been the
focus of the search for an efficacious
biochemical marker for M1, and with
the advent of sensitive immunoassays
for the cardiac isoform of troponin |
(cTnl), it appears that a cardiac specif-
Ic serum marker has been found, As
mentioned above, CK-MB and the
once promising cTnT are often elevat-
ed in'many non-cardiac conditions.
cTnl on thé other hand, isvery s_Pecm_c
for myocardia injury; unlike cTnT, it
is rarély elevated'in chronic renal dis-
ease, skeletal muscle disease and trau-
ma, and It IS not present in regenerat-
1na skeletal mu$| e.6,45,47‘4?,49‘50.51 o

he e_xceﬁtlonal cardiac specificity
of cTnl islikely due to the differences
in the amino acid sequences of the car-
diac and skeletal muscle isoforms.
cTnl shares only 60% homology with
fast-twitch and slow-twitch sKeletal
Tnl and contains an additignal amino
acid sequence at the N-terminus that Is
not found in either of the skeletal 1s0-
forms.>%% |t is|ikely that this addi-
tiona amino acid seguence, not found
In cTnT, enhances the immunodetec-
tion of ¢Tnl in human serum. ]
eral studies confirm that cTnl is
elevated in cardiac mg,ur_}/ and suggest
that it has equal sensi IVIg and greater
specificity than both CK-MB and
cTnT in détecting myocardial injury
[this has been reviewed in two I1SSUES
of Scripps News. Volume 7 Number 2
1993) and Volume 9 Number 3
1995)].5>%5  The rel ease kinetics of
c¢Tnl are similar to those of cTnT;
detectable levels are present between
4-6 hours Rost-M I, peak at approxi-
mately 14 hours, and remain €levated
for severa days.® It has been suggest-
ed that the sustained elevation of CTnl
ma¥ eliminate the need for assays for
lactate dehydrogenase isoenzymes,
curren,t\I/P/ used as a hiochemical “'mark-
er for M1 when a patient is admitted to
a hospital several days after the onset
of chest pain.'**% cTnl has also
demonstrated biphasic release patterns
similar to cTnT.%% Further study will
likely demonstrate that, like cTnT, the
biphasic vs. monophasic rel ease pat-
terns of cTnl will be useful in the risk
stratification of suspected M| patients.

Although fewer studies are available
for cTnlthan for cTnT in M1 risk
assessment, two 1995 studies reported
that sustained cTnl elevations were
prognostic of a poor outcome in M|

atients.®* More recently, an April
96 report indicated that cTnl was
eguwal enttocInT In predlctln?
adverse events in 74 suspected M
atients.®* In the latter study, the
hreshold value of 1.6 pg/L cTnl pro-
vided the best sensitivity and specifici -
ty for predicting MI: thisis somewhat
[ower than the €Tnl kit manufacturer’s
cut-off of 2.5ug/L. This suggests that
before cTnl can be recommended to
assist in determining whether a sus-
ected M| patient should receive
hrombolytic or other therapy, further
study involving larger patierit popul a-
tions is required to assign an accurate
cTnl threshold value.

Regarding the assessment of reper-
fusion therapaY, a 16:32 hour ratio has
not been evaluated for cTnl as it has
for cTnT, but preliminary indications
are_that cTnl is at least as useful
ascTnT.® In a January ‘96 stud
involving 25 patients receiving t-P,
within six hours of the onset of chest
yain, cTnl demonstrated 82.4% sensi-
ivity in predicting successful coronary
artery reperfusion and was 100% _srpe
cific for non-reperfusion.®® The
authors used the ratio of serum cardiac
values at. 90 minutes vs. 0 minutes
after administration of t-PA to evalu-
ate the effectiveness of cTnl, CK-MB,
and myoglobin. Serum |evels of each
marker were significantly elevated in
response to successful reperfusion.

The deciding factor in determining the

est marker was the cardiac specificity
of cTnl.. Such specificity eliminates
the possibility of elevated cTnl levels
dueto conditions other than MI; thisis
B_ot the case with CK-MB and myoglo-

in.

A similar study involving cTnT and
CK-MB sug‘gested that” accurate
assessment of reperfusion could be
made with measurements at 0 and 60
minutes.®® |t is reasonable to assume
that similar results would be obtained
with cTnl as well, but additional study
isrequired. .

cTnl has also been shown useful in
detecting the presence of MI in hoth
cardiac and non-cardiac surgeries.
Perioperative MI is the most common
cause of death in non-cardiac surgery,
but is difficult to diagnose with the
current biochemical markers.®” In a
1994 study, 108 patients undergoing
either vascular or spinal surgery were
monitored for M| by using ECG, two-
dimensional echocardlograph¥, CK-
MB, total CK, and cTn]>* "Of the 8
Ratlents with ECG-confirmed M, all

ad cTnl elevations (100% _senstlwt&
and 6 had CK-MB elevations (75%
t1y3' Of the 100 patients with-

out MI, I9 had elevated CK-MB (81%
sgecmclty) and 1 had elevated cTnl
f\/lg% specificity); presumably, CK-

B elevations‘were due to release
from non-cardiac tissues. Similarly, in
a 1995 study, cTnl accurately detected
the presence of three microinfarctions
that' went undetected by CK-MB deter-
minations.®® The authors concluded
that cTnl Is useful in monitoring car-
diac specific ischemia during surgical
procedures and is valuable in'the eval-
uation of the various cardioprotective
measures used in cardiac-related surg-
eries.

An. areain which cTnl falls short is
the diagnosis of M1 within the first
few hours after the onset of chest pain.
cTnl, and smllarlx CK-MB and cTnT,
can take up to 6 hours to_elevate ren-
dering it useless in the critical 0-6 hour
window in which thrombolytic therapy
is most effective. One of the more
extensively studied biochemical mark-
ers for the early detection of MI is the
oxygen transport protein, myoglobin.

M)ﬁglobin )

] e(}loglobln has |ong been recog-
nized as the earliest biochemical mark-
er for the dlac1;n05|s of MI.¢° At
approximately 17,500 MW, m_)(oglo-
bin is small efough to pass éasily Thto
circulation upon cardiac injury; as
such, elevated levels are often present
within 2 hours post-MI.  Serum myo-
%Iobln peaks at ap rommateIP/ 5-9

ours, but is cleared from circulation
I’%[_)Id|¥| and returns to normal within
24-36 hours.”

Myoglobin is highly sensitive for
myocardial injury, but because it is
undant in both Cardiac and skelete
muscle, it lacks adequate specifici-
ty.®772 'In an effort to increase cardiac

specificity, myoglobin has been u

in conjunction with carbonjc anhy-
gr_ase Il and fatty acid-binding pro-
en.

Carbonic Anhydrase Il )

Carbonic anhydrase 111 (CA-II1) isa
cytoplasmic enzyme present in skéletal
muscle, smooth muscle, and myoep-
ithelia cells, but not in myocardium.™
CA-I1] isreleased into Circulation
upon skeletal muscle trauma and stren-
uous physical exercise, and is elevated
in various neuromuscular diseases.™
CA-I1] is not present in cardiac tissue
and, therefore, is not elevated in Ml.
As such, CA-IIl determinations may
be used to define myoglobin eleva-
tions as skeletal - or cardiac-related:
Myoglobin elevations due to skeletal
muscle trauma will have simultaneous
CA-I11 elevations, while cardiac-spe-
cific events will not.™

Recently, Vuori et al.”® eval
rgtyo lobin, the myoglobin/CA-
ratio (Mb/CA-I11), and CK-MB for the
early detection of MI. At 0-2 hours
post-MI, CA-I1I improved th -
nostic sensitivity of myoglobin from
40% (myoglobin assays alone) to 60%
(the Mb/CA-111 ratig), while’'CK-MB
was not yet elevated in any patients.
At 2-6 hours, the sensitivities were
93% for myoglobin, 100% for
Mb/CA-I1I, and 43% for CK-MB.
Beyond 6 hours, the sensitivities were
approximately equivalent for all mark-
ers: ~80%. " Of nate, at the time of
admission, the sensitivities were 73%
for myoglobin, 84% for Mb/CA-111,
and 54% for CK-MB, while the speci-
ficities were 91%, 96%, and 97%,
respectlvely. In an earljer study.

rogan et a ™ reported similar results:
the Mb/CA-I1I ratio was more sensi-
tive than CK-MB, yet equally specific,
in the diagnosis of MI within 3_hours
after the onset of chest pain. These
studies suggests that the measurement
and calculation of the Mb/CA-III ratio
Is.more sensitive than CK-MB deter-
minations within the first few hours
post-M|. Studies involving larger and
more diverse subject populations are
required, however, to determine
whether the Mb/CA-I1| ratio will truly
be useful in the early diagnosis of M.

Fatty Acid-Binding Protein )

_In addition to CA-111, fatty acid-
binding protein FABF’_) has been
shown 1o Increase the cardlols_peuflclty
of rgj)foglobln assays.>"®""® FABPisa
sm cytoplasmlsl\})rotem_(approx-
imately”15,000 MW) that binds long
chain fatty acids and is thought to be
involved in regulating the intracellular
lipid levels of cardiac myocytes.”®
Specific tissue-type isoforms exist,

rimarily in those tissues that rely on

atty acid oxidation as an energy
source, such as heart, liver, and intés-
tine.® "Heart-type FABP |s abundant
In cardiac myocytes, but is also pre-
sent in very small quantities in skeletal
muscle and in other tissue types,®&
Immunoassays for FABP have been
described.®-# ) ) ]
Upon myocardia necrosis, FABP is
released into circulation and cleared in
a similar pattern to myoglobin: eleva
tions occur within 3’hours post-M|
peak at approximately 5-8 hours, and
return to normal within 24-36 hours,®
A study evaluating thetlssuesgeqflc
concentrations of heart-type FABP and
myoglobin determinedthat FABP |s
more abundant in myocardium than In
skeletal muscle, while the opposite |s
true for m (_)globln. As such, the ratio
of myoglobin over FABP (Mb/FABP)
is approximately 10-fold lower in
heart tissue than’in various t/ypes of
skeletal muscle: ~4.5 (mg/mg) in
heart tissue compared to 21-73 in vari-
ous types of human skeletal muscle.®
The tissue-specific difference in the
Mb/FABP ratio is the basis for deter-
mining the source of myoglobin eleva-
tions In patients with si'multanegus Ml
and muscle trauma or disease.
In a 1995 study involving 23 M|
atients, the meah Mb/FABP Tatio was

.2, Similar to that found in myocardi-
um.®” In arelated report,”all Ml
patients (19 of 19) had significant ele-
vations of both myoglobin and FABP
within 3 hours after the onset of chest
pain.® Mb/FABP ratios remained con-
stant and similar to that of heart tis-
sue(approximately 4-7) throughout the
duration of the Sampling period (36
hours), suggesting that the myoglobin
was released from myocardial fissue.
One M| patient underwent defibrilla-
tion and the Mb/FABP ratio increased
from approximately 8 to greater than
B50. Thisimplied an increase in serum
myoglobin as a result of defibrillation-
induced skeletal muscle damage. In a
previous study, the same authors
showed that serdm Mb/FABP ratios
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increase in response to strenuous phys-
ical exercise, due to the disproportion-
ate release of myoglobin from skeletal
muscle.t® Although more study Is
required involving larger subject popu-
lations, the above studies suggest that
FABP Is released early in theCourse of
MI, at approximately the same time as
myoglobin, and thaf the determination
of serum Mb/FABP ratios improve the
diagnostic specificity of myoglobin
assays.

Glycogen Phosphorylase BB
| co%en phosphorP/Iase isoenzyme
BB (GP-BB) is an early marker fof the
detection of M1 that i$ somewhat dis-
tinct from those described. above; the
diagnostic data it providesisi| ntearPret-

independently of myoglobin data.

Three isoenzZymes of the glycogen
ph,ospholrgylase dimer are Known to
exist; BB in brain and heart tissue,
MM in_muscle tissue, and LL in the
liver. Both GP-BB and GP-MM are
present in heart tissue, but differing
amino acid sequences make immuno-
logical distinction possible: GP-BB is
83% homologous to GP-MM_ (and
80% homologousto GP-LL).* GP-BB
is 188,000 MW (two 94,000 MW sub-
units) and resides in the sarcoplasmic
reticulum of cardiac myocytes. Itis
the key phosphor¥lase in glycogenoly-
sis and changes from a structurally-

bound to a cytoplasmic form, depend
ing on the metabolic state of the
myocardium. st

Studies have shown that GP-BB is
released into circulation shortI;/l after
MI.%2% |n 1995, Rabitzsch et al.* eval-
uated 237 subjects (107 with non-trau-
matic chest pain, 14 with chronic sta-
ble angina Pectorls and 116 healthy
voluntéers) for GP-BB, CK-MB, myo-
globin, and ¢TnT. Receiver-operatin
Characteristic analysis indicated th
GP-BB was superior to al other mark-
ers tested for the early diagnosis of Ml
(0-12 hours).  The early release kinet-
Ics of GP-BB approximated those of
myaoglobin, but at 4 hours GP-BB was
70% sensitive for MI, while myog|o-
hin was only 43% senditive. In addi-
tion, GP-BB was the first marker to
reach 100% sensitivity; this occurred
at 7 hours.. Myoglobin reached its

eak elevatjon earTier than GP-BB (5

ours vs. 8 hours), but was only ~60%
sensitive at that time; GP-BB; mean-
while, was >90% sensitive at 5 hours.
GP-BB levels returned to normal at
20-25 hours, similar to myoglobin.
These observations suggest that GP-
BB may be valuable inthe early, but
not thelate, detection of MI.

GP-BB ma¥_ be sensitive enough for
therisk stratification of susBected MI
patients, as Rabitzsch et al.* reported
It to bethe first marker elevated in

atients with unstable angina. In par-
icular, GP-BB exhibited exceptional
sensitivity in one unstable angina
patient from whom serial blood Sam-

les were taken. Severa distinct GP-

B peaks appeared over the course of
50 hours, corresponding to recurrent
episodes of chest pain.  This indjcates
that GP-BB is released into circulation
immediately upon myocardial injury,
even If only minimal’ necrosis exists,
and is rapidly cleared from circul ation.
The extraordinary sensitivity of GP-
BB sutggests that’it may be dseful in
identifying unstable angina patients
who are at high risk for MI, athough
more study istequired.

In addifion to risk stratification, GP-
BB may be useful in monitoring the
course of pharmacologic or mechani-
cal reperfusion therapies. Rabitzsch et
al.* also demonstrated that successful
reperfusion resulted in angnlflcantIy
earlier release of. GP-BB from the
myocardium. Again, additional study
Istequired. .

Because of its large size, the appear-
ance of GP-BB intoCirculation within

the first few hours post-MI is enigmat-
Ic; however, it may be explained Dy its
heightened sensifivity to myocardial
oxygen deficiency.” In simplified
terms, myocardial ischemia signifi-
cantly increases the rate of
Iytc):ogenol SIS a:f r% an ||nd|rect mancgteégs
uen er glycogen Is -
ollzseec? GP_—yBB is r%l)éasg from the
sarcoplasmic reticulum into the cyto-
plasm. Assisted by an ischemia-
induced increase in cell membrane
permeability, GP-BB passes into the
extracellular matrix and, thus, into cir-
culation.®* Assuch, a 188,000 MW
protein gppears in circulation at
approximately the same time as a pro-
t(? nb_l/)loth its size (17,500 MW myo-
obin).
g The above studies sug?eﬂ_ that GP-
BB may replace myoglobin in the
early biochemical detéction of M|.
Thus far, it has shown superior sensi-
tivity and specificity to myoglobin in
the Timited number of studies per-
formed. Additional studies must
involve patients with skeletal muscle
trauma or disease, head trauma, renal
disease, and more. before GP-BB may
be recommended in the detection and
follow-up of MI.

In summary, it appeared that cTnT
was on the brink of worldwide use
before questions regarding the lack of
tissue specificity were raiSed and con-
firmed. Subsequently, attention has
focused on cTnl. Thus far, It appears
that cTnl supplies valuable diagnostic
data not provided by CK- . It's
speC|f|C|Ct\((for cadiac’injury surpasses
that for CK-MB and its prolonged ele-
vation in the plasma is useful for the
late diagnosis of M. In addition, cTnl
may be useful in the risk stratification
of Suspected M| patients and in moni-
toring a patient’ s response to reperfu-
sion therapy. Whether or not cThl will
eventually replace CK-MB as the bio-
chemica ‘marker of choice depends on
the outcome of future studies.

Likewise, we have reviewed an
early biochemical marker of Ml that
shows promise in replacing an indus-
try standard. GP-BB requires a signif-
Icant amount of additional study, but
Its exceptional sensitivity suggest that
it may one day replace Serum ass&y_)s
for myoglobin: The specificity of GP-
BB for cardiac injury remans to be
adequately evaluated, and itsvalue in
risk assesSment and response to thera-
Py is unknown, but future investiga-
ion will answer these questions.

An interesting study would involve
both GP-BB and cTnl and determine
whether the combination could be
used throughout the time course of MI.
The dlaqnosth data supplied by GP-
BB’s early rise in Ml may complement
the data provided by cTnl’smid to |ate
elevation. Ideally, these two markers
would combine to unequivocably diag-
nose M1, adequately assess the of
patients with unstable angina, and
monitor a patient’ s response to reper-
fusion therapy. This, of course
remains to beé_)roven and woul
require large studies involving subject
populations with diverse symptoms
and complications. Until then, ER
Er<1:y3| cians will continue to rely on

G as the Nﬁ)rlma_rP/ tool for MI diag-
nosis, CK-MB will remain the most
WIdeIY used hiochemical marker, and
myogiobin will remain the early bio-
chemical marker of choice.
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