Review

Tools for noninvasive assessment of
coronary arterial reperfusion

RICHARD C. BECKER, MD

m For patients with acute myocardial infarction, the presence of a patent infarct-related coronary
artery may be the most sensitive single predictor of clinical outcome and patient survival. Coronary
angiography is the most direct means of assessing reperfusion status; however, availability, cost, and risk
are potential concerns. Noninvasive markers are emerging which can reliably and rapidly determine

vessel patency, circumventing the need for routine angiography.
0 INDEX TERMS: MYOCARDIAL REPERFUSION; MYOCARDIAL INFARCTION; THROMBOLYTIC THERAPY O CLEVE CLIN ] MED 1992; 59:403-408

APID AND EFFECTIVE assessment of

coronary artety patency is central to the

treatment of myocardial infarction (MI).

Although cardiac therapeutics have
generated substantial debate, the theoretical frame-
work on which therapy is based remains essentially un-
challenged. Its hypotheses are, first, that coronary
arterial thrombosis is the proximate cause of acute MI;
second, that early recanalization provides the greatest
overall patient benefit; and third, that maintaining
coronary patency is necessary to sustain the benefits of
early reperfusion.

BENEFITS OF CORONARY PATENCY

Early coronary arterial recanalization that allows
salvage of ischemic myocardium is likely the primary
contributor to preservation of ventricular function and
reduction in patient mortality. Patency of an infarct-
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related artery may be the best predictor of patient
survival.'”? Experimental studies suggest that reper-
fusion reduces ventricular dilation and aneurysm for-
mation, even when it is accomplished after the
predicted time limit for myocardial salvage.! In
humans, this may result in reduced infarct expansion
(preventing ventricular dilation, congestive heart
failure, and death) and improved electrical stability.>*

Thrombolytic therapy

The most rational treatment of patients with MI is
thrombolytic therapy, alone or in combination with
other interventional modalities, to achieve vessel
patency as rapidly and as frequently as possible.
Thrombolytic therapy can achieve early reperfusion of
occluded coronary arteries, improved left ventricular
function, decreased morbidity, and improved short-
and long-term patient survival. However, despite its
observed beneficial effects, thrombolytic therapy fails
to restore coronary reperfusion in 20% to 25% of
patients; moreover, early reocclusion occurs 10% to
15% of the time. When thrombolytic therapy fails to
achieve reperfusion, rescue angioplasty may benefit
patients with large areas of myocardium at risk. Clini-
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TABLE 1
NONINVASIVE MARKERS
OF CORONARY ARTERY REPERFUSION

=
Symptoms

Electrocardiography

Biochemical markers
Total creatine kinase
MB-creatine kinase
MB2/MBi-creatine kinase ratio
MM3/MM -creatine kinase ratio
Myoglobin
Fibrinopeptide A
Thrombin-antithrombin complex
Myocardial perfusion imaging
Thallium-201
Technetium Tc 99m sestamibi
Magnetic resonance imaging
PRT—

cal studies are in progress to determine which patients
will derive the greatest benefit from this procedure.

Need for noninvasive markers

Rapid assessment of coronary patency is necessary to
determine the effect of thrombolytic therapy. Al-
though coronary angiography provides a gold standard
for assessing reperfusion, facilities for coronary angiog-
raphy are not widely available. Moreover, routine an-
giography is costly and carries a small but identifiable
risk. Reliable noninvasive markers of reperfusion are
needed. A number of noninvasive markers now avail-
able can reliably and rapidly determine vessel patency,
circumventing the need for routine angiography (Table
1). The capabilities and limitations of these markers
are described below.

ELECTROCARDIOGRAPHIC MARKERS

ST-segment changes

Continuous ST-segment Holter monitor recordings
with quantitative analysis and trending evaluation in
patients receiving thrombolytic therapy show ST-seg-
ment elevation reduced by 20% to 50% within 20 to
30 minutes of angiographically confirmed reperfusion,
with a return to baseline after 60 to 100 minutes.!>-"
ST-segment elevation resolves more slowly in patients
with unsuccessful reperfusion: they achieve an
electrocardiographic steady-state 3 to 4 hours after in-
itiation of treatment."

Although complete resolution or significant
decrease in ST-segment elevation is a sensitive marker
for coronary reperfusion, few patients have these find-
ings." Therefore, as with chest pain resolution, the
overall predictive value of ST-segment changes is
limited.

Arrhythmias associated with reperfusion

Laboratory and clinical experience shows that
reperfusion of ischemic myocardium is associated with
a propensity for ventricular arrhythmias that may be
life-threatening.”*"® Accelerated idioventricular
thythms and late diastolic ventricular systoles are com-
mon reperfusion-related arrhythmias, occurring in
60% to 80% of patients.” However, they lack
specificity and should not be used independently to
assess coronary patency.?’ On the other hand, bradyar-
rthythmias, particularly when accompanied by systemic
hypotension, may be useful markers of reperfusion of
the right coronary artery.”

SYMPTOM MARKERS

BIOCHEMICAL MARKERS

Rapid relief of chest pain is the earliest symptom-re-
lated marker suggesting that reperfusion has occurred. It
typically begins within minutes after angiographic
demonstration of reperfusion and is simultaneous with
other nonangiographic manifestations of reperfusion.””

The resolution of symptoms may be prompt; how-
ever, a degree of residual, low-intensity chest discom-
fort may persist, and some patients may experience a
trahsient worsening of symptoms after restoration of
blood flow to ischemic areas of myocardium.

Although relief of chest pain has been considered a
sine qua non of coronary reperfusion, few patients with
angiographically confirmed patency can be identified
by symptom relief alone; therefore, its predictive value
is limited in clinical practice.
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Creatine kinase

Creatine kinase (CK) is a dimer composed of two
protein chains, M and B. Three distinct CK isoen-
zymes have been recognized: MB, BB, and MM. In
normal humans, MB-CK is found primarily in the
heart, where it comprises up to 15% of total CK ac-
tivity. BB-CK is found in many tissues; its relative and
absolute concentrations are greatest in the brain. MM-
CK is the predominant form of CK in both skeletal
tissue and heart muscle.

Total CK. Early washout and peaking of plasma total
CK have been observed in patients with angiographi-
cally confirmed coronary reperfusion. In the first phase
of the Thrombolysis in Myocardial Infarction trial
(TIMI-1)," patients with reperfusion experienced
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peaking of CK within 4 TABLE2

hours of treatment initia-

CREATINE KINASE AND ITS ISOFORMS

tion (Table 2). In contrast,

patients with persistent Marker

Rate of rise

Time from treatment

coronary occlusion had CK  Toral creatine kinase -

peaking delayed to almost
20 hours. CK peaking be-
tween 4 and 16 hours after
treatment initiation was
not predictive of a change
in the flow state of the in-
farct-related coronary ar-

MB-creatine kinase
MB2/MB; ratio
MM 3 (total) .

MM;3/MM; ratio -

>2.5-fold increase -
above baseline/90 min

>3.8 above
baseline/120 min

initiation to peak level Assay Procedure time

4 hours Radioimmunoassay >60 minutes
Radioimmunoassay, >60 min utes
immunofunctional assay

- High-voltage 25 minutes
electrophoresis

120 min Minicolumn < 60 minutes
chromatofocusing

120 min Minicolumn <60 minutes

chromatofocusing

tery. Moreover, patients
with subtotally occluded
arteries had CK-time
profiles similar to those with reperfused coronary
arteries.

MB-CK. Increased plasma MB-CK activity also cor-
relates with the onset of coronary reperfusion.
Garabedian et al,” in a study of 32 patients receiving a
90-minute infusion of recombinant tissue-plasminogen
activator, found that a rapid increase in MB-CK was a
sensitive and specific marker of reperfusion. Patients
with angiographically confirmed reperfusion had a six-
fold to eightfold increase in MB-CK over pretreatment
levels by the time thrombolytic infusion was com-
pleted. In contrast, patients with persistent occlusion
did not show an early MB-CK rise. When used as a
marker of reperfusion status, > 2.5-fold increase in MB-
CK activity at 90 minutes correctly identified ap-
proximately 90% of the patients.

MB isoforms. The unmodified form of MB-CK, MB;,
is present in myocytes. Release of MB, and other mac-
romolecules from infarcted tissue requires breakdown
or severe dysfunction of the myocardial sarcolemma.
After reperfusion, MB, release is abruptly increased;
this is reflected in a marked rise in plasma activity.

MB; is converted to the modified isoform MB;
through the action of a plasma enzyme, carboxypep-
tidase-N, which cleaves a c-terminal lysine residue
from the M-subunit. After release of MB-CK from
necrotic myocardium, plasma MB, activity increases
and conversion to MB, begins. Thus, the MB,/MB,
ratio is determined by the rate of CK release and the
rate of conversion of MB, to MB,.

In MI patients, MB; activity and the MB,/MB; ratio
increase steadily from approximately 2 hours after the
onset of symptoms, reaching a plateau within 4 to 6
hours. Abnormal MB isoform activity can be detected
in plasma hours before conventional MB activity can
be identified.”
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Coronary reperfusion is associated with a sudden
increase in MB, activity. In contrast, failed reperfusion
results in more gradual egress of CK from infarcted
tissue, causing a greater proportion of newly released
MB; to be converted to MB,. An MB,/MB; ratio
greater than 3.8 correctly identifies approximately
70% of succesfully reperfused patients within 75
minutes of treatment initiation; maximal segregation
of patients with and without reperfusion can be
achieved within 2 to 3 hours (sensitivity and
specificity approximately 90%).%*

MM-Isoforms. In 1977, Weavers et al®? reported
that prolonged electrophoresis separates MM-CK into
three distinct isoforms: MM;, MM, and MM,;.

Animal and human studies show that most MM-CK
activity in the heart involves MM;. The subsequent
conversion of MM; to MM, and MM, is mediated by
carboxypeptidase-N, which removes a single carboxy-
terminal lysine residue from 1 or 2 MM chains.”

In M], the level of MM; rises promptly, exceeding
control values as early as 1 hour after symptom onset.?®
After coronary reperfusion, MM; surges into the cir-
culation, so that both the MM; level and the
MM;/MM, ratio increase at an accelerating rate.
Animal and human studies have shown that peak MM,
activity, the rate at which it increases, and the
MM;/MM; ratio can reliably assess patency after
thrombolytic therapy, frequently within 2 to 3 hours of
treatment initiation.”” In patients with flow-limiting
residual coronary stenoses, the initial rate of MM; rise
may be a more reliable marker than peak activity,
which may be delayed by as much as 50%.%°

Myoglobin

Myoglobin is an intracardiac protein that is rapidly
released from injured myocytes after coronary reper-
fusion, with peak plasma levels occurring within 2
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hours of treatment initiation. However, peak levels are
delayed for up to 6 hours in patients in whom reper-
fusion is unsuccessful.” A rapid rise to 24.6-fold above
pretreatment myoglobin levels identifies 85% to 90%
of patients achieving coronary patency.”

Fibrinopeptide A

Although the pathogenesis of coronary thrombosis
in MI has not been fully elucidated, activation of
thrombin (the pivotal enzyme in all coagulation
processes) is common to systemic thrombotic disor-
ders.

Fibrinopeptide A (FPA), a 16-amino-acid peptide
liberated from fibrinogen following thrombin-
mediated proteolysis, is a marker of intravascular
thrombosis in general and of thrombin activity in par-
ticular. MI patients, particularly those with Q-wave
infarctions seen within 10 hours of symptom onset,
have elevated FPA levels.’? Following thrombolytic
therapy, a prompt decrease in the FPA level is observed
in patients who achieve sustained coronary repet-
fusion, whereas FPA levels remain elevated in patients
failing reperfusion and in those with early reocclusion
after initial reperfusion.”

Thrombin-antithrombin complex

Clotting activation leads to the generation of
thrombin. Rapid complexing of free thrombin by an-
tithrombin III (thrombin-antithrombin complex) can
be measured and used as a marker for ongoing intravas-
cular thrombosis.

Thrombin-antithrombin complex (TAT) levels are
elevated in patients with MI. As with FPA levels, a
prompt decrease in TAT concentration is observed,
typically within 60 to 120 minutes, after sustained
coronary reperfusion. Similarly, patients who fail reper-
fusion or who experience early reocclusion have per-
sistently elevated TAT levels despite systemic an-
ticoagulation with heparin.**

FPA and TAT lack diagnostic potential, since they
do not differentiate patients with persistent occlusion
from those with reperfusion at risk for early reoc-
clusion. However, from a clinical perspective, these
two groups may not differ significantly; in both, addi-
tional intervention may be required to ensure com-
plete treatment success.

D-dimer

D-dimer is a product of plasmin-mediated degrada-
tion of cross-linked fibrin. It has been considered a
potential biochemical marker for thrombus dissolu-
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tion. However, while rising D-dimer levels are related
to coronary thrombolysis, posttreatment elevations in
D-dimer concentration do not correlate closely with
coronary reperfusion.”

Circulating (soluble) cross-linked fibrin polymers
(which increase substantially in some patients with
MI) may be a potential source of D-dimer production
during and after thrombolytic therapy; this further
decreases the sensitivity and overall predictive value of
this measurement.”” However, an enzyme-linked im-
munosorbent assay technique based on capture (15C5)
and tag (8D3) monoclonal antibodies, both of which
are specific for D-dimer, may provide a more sensitive
marker of fibrinolysis and coronary reperfusion.’

Fibrin and fibrinogen degradation

Thrombolytic therapy has variable effects on cir-
culating fibrinogen and on the degradation of fibrin
and fibrinogen. Depending on the fibrin-specificity,
total dose, and overall dosing strategy of a given
thrombolytic agent, a minimal or marked systemic
lytic state may ensue. As with other fibrinolytic
parameters, changes in levels of both fibrinogen and
products of fibrin/fibrinogen degradation have not
been shown to correlate with reperfusion status.”*®

MYOCARDIAL PERFUSION IMAGING

During M, the extent of myocardial necrosis is
determined by the overall area at risk, the collateral
blood flow, and the duration of coronary arterial oc-
clusion. Noninvasive imaging techniques capable of
assessing the area of myocardium at risk, determining
the degree of flow restoration, and estimating the ex-
tent of myocardial salvage would, therefore, have clini-
cal value.

Thallium-201 scintigraphy

Myocardial thallium-201 scintigraphy has been used
to assess patency after thrombolytic therapy. New thal-
lium uptake after intracoronary tracer administration
is consistent with coronary reperfusion and restoration
of myocardial nutrient blood flow.*** When thallium-
201 is injected intravenously during coronary oc-
clusion, the degree of redistribution after thrombolysis
is proportional to the degree of flow restoration and
myocardial viability.**# Thallium scintigraphy can
also be delayed until 24 hours after thrombolytic treat-
ment; in this case, a reduction of defect size compared
with pretreatment images predicts coronary arterial
patency.” Delayed imaging may also prevent overes-
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timation of myocardial salvage resulting from early hy-
peremic blood flow.

Technetium Tc 99m sestamibi

Efforts have been directed toward the development
of technetium Tc 99m-labeled isonitrile compounds
for assessing regional perfusion and viability. One of
the most promising, technetium Tc 99m sestamibi, has
undergone extensive laboratory testing. As with thal-
lium-201, uptake of Tc 99m sestamibi in myocardial
tissue is proportional to blood flow. However, unlike
thallium-201, it has minimal redistribution, allowing
intravenous injection and delayed imaging. A second
dose can be injected later to delineate both the degree
of flow improvement and the extent of myocardial
salvage.”” In addition, Tc 99m sestamibi emits photons
that permit gamma camera images of high quality.

Tc 99m sestamibi can be used to identify patients
with successful reperfusion. In a study of 23 patients
receiving thrombolytic therapy within 4 hours of
symptom onset, Wackers and colleagues® showed that
a decrease in myocardial defect size of greater than
30% on serial images was a sensitive marker of
coronary patency. Unfortunately, the delayed images
were obtained 18 to 48 hours after thrombolytic
therapy, preventing the early detection of persistent
vessel occlusion.

MRI

Magnetic resonance imaging (MRI) can charac-
terize normal and necrotic myocardium. Myocardial
perfusion with the paramagnetic contrast agent

REFERENCES

1. Simoons M, Van den Brand M, DeZwaan, et al. Improved survival
after early thrombolysis in acute myocardial infarction: a randomized
trial of the Interuniversity Cardiology Institute in the Netherlands.
Lancet 1985; 2:578-582.

2. Kennedy JW, Ritchie JL, Davis KB, et al. Western Washington ran-
domized trial of intracoronary streptokinase in acute myocardial in-
farction. N Engl ] Med 1983; 301:1477.

3. Dalen JE, Gore JM, Braunwald E, et al. Six and twelve month
follow-up of the Phase 1 Thrombolysis is Myocardial Infarction Trial.
Am ] Cardiol 1988; 62:179-185.

4. Hochman ]S, Choo H. Limitation of myocardial infarction expan-
sion by reperfusion independent of myocardial salvage. Circulation
1987; 75:299-306.

5. Kerschot IE, Brugada P, Ramentol, et al. Effect of early reperfusion in
acute myocardial infarction on arrhythmias induced by programmed
stimulation: a prospective, randomized trial. ] Am Coll Cardiol 1986;
7:1234-1242.

6. Vermeer F, Simoons ML, Lubsen J. Reduced frequency of ventricular
fibrillation after early thrombolysis in myocardial infarction. Lancet
1986; 1:1147-1148.

7. Rentrop KP, Blanke H, Karsch KR, et al. Acute myocardial infarc-

JULY - AUGUST 1992

gadolinium-DTPA (diethylenetriaminepentaacetic
acid) increases the contrast between infarcted and nor-
mal myocardium on T1-weighted spin-echo images.*>°

Ex vivo MRI of reperfused hearts using gadolinium-
DTPA shows contrast enhancement in reperfused
myocardial zones.”! Increased signal intensity in in-
farcted myocardium has been observed in humans with
patent infarct-related vessels. The image intensity is
particularly increased immediately after gadolinium-
DTPA injection; therefore, patency can be assessed by
quantifying image enhancement as a function of
time.’?

CONCLUSION

Thrombolytic therapy represents a major advance in
the treatment of MI, improving left ventricular func-
tion and short- and long-term survival. There is
evidence that early and sustained coronary patency
provides the greatest overall benefit for the patient.
However, despite these observed beneficial effects,
thrombolytic therapy fails to restore coronary reper-
fusion in 20% to 25% of patients. Moreover, early reoc-
clusion occurs 10% to 15% of the time. Because the
presence of a patent infarct-related coronary artery may
be the best predictor of patient survival, a rapid and
reliable means of determining perfusion status is vital to
patient care. Coronary angiography currently repre-
sents the gold standard. However, biochemical markers
and myocardial perfusion imaging techniques are
emerging noninvasive strategies for the practicing
clinician.

tion: intracotonary application of nitroglycerin and streptokinase.
Clin Cardiol 1979; 2:354-363.

8. Mathey DG, Kuck KH, Tilsener V, et al. Nonsurgical coronary artery
recanalization in acute transmural myocardial infarction. Circulation
1981; 63:489-497.

9. Davies GJ, Chierchia S, Maseri A. Prevention of myocardial infarc-
tion by very early treatment with intracoronary streptokinase. N Engl
J Med 1984; 311:1488-1492. ]

10. Hardarson T, Henning H, O'Rourke RA, et al. Variability,
reproducibility, and applications of precordial ST-segment mapping
following acute myocardial infarction. Circulation 1978; 57:1096—
1103.

11. Madias JE, Hood WB. Precordial ST-segment mapping: 3. Stability
of maps in the early phase of acute myocardial infarction. Am Heart ]
1977; 93:603-609.

12. Von Essen R, Schmidt W, Uebis R, et al. Myocardial infarction and
thrombolysis. Electrocardiographic short term and long term results
using precordial mapping. Br Heart } 1985; 54:6-10.

13.  Krucoff MW, Green CE, Satler LF, et al. Noninvasive detection of
coronary artery patency using continuous ST-segment monitoring.
Am ] Cardiol 1986; 57:916-922.

14. Califf RM, O’'Neil W, Stack RS, et al. Failure of simple clinical
measurements to predict perfusion status after intravenous throm-

bolysis. Ann Int Med 1988; 108:658-662.

CLEVELAND CLINIC JOURNAL OF MEDICINE 407

Downloaded from www.ccjm.org on May 7, 2025. For personal use only. All other uses require permission.


http://www.ccjm.org/

15.

16.

17.

18.

19.

20.
21.

22.

23.
24.
25.
26.

21

28.
29.

30.

3L
32.
33.
34,

35.

Jennings RB, Sommers HM; Smyth GA, et al. Myocardial necrosis
induced by temporary occlusion of a coronary artery in the dog. Arch
Pathol 1960; 70:68-78.

Meesman W, Gulker H, Kramer B, et al. Time course of changes in
the ventricular fibrillation threshold in myocardial infarction: charac-
teristics of acute and slow occlusion with respect to the collateral
circulation of the heart. Cardiovasc Res 1976; 10:466-473.

Balke CW, Kaplinsky E, Michelson EL, et al. Reperfusion
ventricular arthythmias: correlation with antecedent coronary oc-
clusion tachyarthythmias and duration of myocardial ischemia. Am
Heart ] 1981; 101:449-456.

Priori SG, Mantica M, Napolitano C, Schwartz PJ. Early after
depolarizations induced in vivo by reperfusion of ischemic myocar-
dium. A possible mechanisms for reperfusion arrhythmias. Circula-
tion 1990; 81:1911-1920.

Kaplinsky E, Ogawa S, Michelson E, et al. Instantaneous and
delayed ventricular arrhythmias after reperfusion of acutely ischemic
myocardium: evidence for multiple mechanisms. Circulation 1981;
63:333-341.

Gore JM, Ball SP, Corrao JM, Goldberg R]. Arrthythmias in the
assessment of coronary artery reperfusion following thrombolytic
therapy. Chest 1988; 94:727-730.

Gore JM, Roberts R, Ball SP, et al. Peak creatine kinase as a measure
of effectiveness of thrombolytic therapy in acute myocardial infarc-
tion. Am J Cardiol 1987; 59:1234-1238.

Garabedian HD, Gold HK, Yasuda T, et al. Detection of coronary
artery reperfusion with creatine kinase-MB determinations during
thrombolytic therapy: correlation with acute angiography. ] Am Coll
Cardiol 1988; 11:729-734.

Puleo PR, Guadagno PA, Roberts R, et al. Eatly diagnosis of acute
myocardial infarction based on assay for subforms of creatine kinase-
MB. Circulation 1990; 82:759-764.

Puleo PR, Perryman MB. Noninvasive detection of reperfusion in
acute myocardial infarction based on plasma activity of creatine
kinase MB subforms. ] Am Coll Cardiol 1991; 17:1047-1052.
Weavers RA, Olthuis HP, VanNiel JCC, et al. A study on the
dimeric structure of creatine kinase. Clin Chim Acta 1977; 79:377-
385.

Weavers RA, Wolters R], Soons JB]. Isoelectric focusing and
hybridization experiments on creatine kinase. Clin Chim Acta 1977;
78:271-276.

Abendschein DR, Morelli RL, Carlson CJ, et al. Creatine kinase
MM isoenzyme subforms in myocardium, cardiac lymph, and blood
after coronary artery occlusion in dogs. Cardiovasc Res 1984; 18:690—
696.

Devries SR, Sobel BE, Abendschein DR. Early detection of myocar-
dial reperfusion by assay of plasma MM-creatine kinase isoforms in

dogs. Circulation 1986; 74:567-372.

“Jaffe AS, Setota H, Grace A, Sobel BE. Diagnostic changes in plas-

ma creatine kinase isoforms early after the onset of acute myocardial
infarction. Circulation 1986; 74:105-109.

Nohara R, Myears DW, Sobel BE, Abendschein DR. Optimal
criteria for rapid detection of myocardial reperfusion by creatine
kinase MM isoforms in the presence of residual high grade coronary
stenosis. ] Am Coll Cardiol 1989; 14:1067-1073.

Ellis AK, Little T, Masud Z, Liberman HA, Morris DC, Klocke FJ.
Early noninvasive detection of successful reperfusion in patients with
acute myocardial infarction. Circulation 1988; 78:1352-1357.
Eisenberg PR, Sherman LA, Schectman K, et al. Fibrinopeptide A:
a matker of acute cotonaty thrombosis. Circulation 1985; 71:912—
918.

Eisenberg PR, Sherman L, Rich M, et al. Importance of continued
activation of thrombin reflected fibrinopeptide A to the efficacy of
thrombolysis. ] Am Coll Cardiol 1986; 7:1255-1262.

Gulba DC, Barthels M, Westhoff-Bleck M, etal. Increased thrombin
levels during thrombolytic therapy in acute myocardial infarction.
Relevance for the success of therapy. Circulation 1991; 83:937-944.
Brenner B, Francis CW, Fitzpatrick PG, et al. Relation of plasma
D-dimer concentrations to coronary artery reperfusion before and
after thrombolytic treatment in patients with acute myocardial infarc-

408 CLEVELAND CLINIC JOURNAL OF MEDICINE
Downloaded from www.ccjm.org on May 7, 2025. For personal use only. All other uses require permission.

REPERFUSION B BECKER

36.

31
38.

39.
40.
41.
42.
4.
44.
45.

46.

41.
48.

49.

50.
51.

52.

tion. Am J Cardiol 1989; 63:1179-1184. ‘

Eisenberg PR, Jaffe AS, Collen D, Stump D, Bovill EG. Activation
of plasmiriogen does not increase D-dimer in plasma in the absence of
clot lysis [Abstract]. Circulation 1989; 80(Suppl 11):11-115.

Rao AK, Pratt C, Berke A, etal. Thrombolysis in myocardial infarc-
tion trial phase 1: hemorrhagic manifestations and changes in plasma
fibrinogen and the fibrinolytic system in patients treated with recom-
binant tissue plasminogen activator and streptokinase. ] Am Coll
Cardiol 1988; 11:1-11.

Amold AER, Brower RW, Collen D, et al. Increased serum levels of
fibrinogen degradation products due to treatment with recombinant
tissue-type plasminogen activator for acute myocardial infarction are
related to bleeding complications, but not to patency. ] Am Coll
Cardiol 1989; 14:581-588.

Maddahi J, Ganz W, Ninomiya K, et al. Myocardial salvage in intra-
coronary thrombolysis in evolving acute myocardial infarctions.
Evaluation using intracoronary injection of thallium-201. Am Heart
J 1981; 102:664-675.

Markis JE, Malagold M, Parker JA, et al. Myocardial salvage after
intracoronary thrombolysis with streptokinase in acute myocardial
infarction assessment by intracoronary thallium 201. N Engl ] Med
1981; 305:777-782.

Schofer J, Montz R, Mathey DG. Scintigraphic evidence of the “no
reflow” phenomenon in human beings after coronary thrombolysis.
Am Coll Cardiol 1985; 5:593-598. ’

Schofer ], Mathey DG, Montz R, Bleifeid W, Stritzke P. Use of dual
intracoronary scintigraphy with thallium-201 and technetium-99m
pyrophosphate to predict improvement in left ventricular wall motion
immediately after intracoronary thrombolysis in acute myocardial
infarction. ] Am Coll Cardiol 1983; 2:737-744.

Reduto LA, Freund GC, Gaeta JM, et al. Coronary artery reper-
fusion in acute myocardial infarction: beneficial effects of in-
tracoronary streptokinase on left ventricular salvage and perfor-
mance. Am Heart ] 1981; 102:1168.

Simoons ML, Wijns W, Balakumaran K, et al. The effect of in-
tracoronary thrombolysis with streptokinase on myocardial thallium
distribution and left ventricular function assessed by blood-pool scin-
tigraphy. Eur Heart ] 1982; 3:433-440.

DeCoster PM, Melin JA, Detry JMR, Brasseur LA, Beckers C, Col J.
Coronary artery reperfusion in acute myocardial infarction: assess-
ment by pre- and post-intervention thallium-201 myocardial per-
fusion imaging. Am ] Cardiol 1985; 55:889-895. .
Schwarz E Schuler G, Katus H, et al. Intracoronary thrombolysis in
acute myocardial infarction: correlations among serum enzyme, scin-
tigtaphic and hemodynamic findings. Am ] Cardiol 1982; 50:32-38.

Sinusas AJ, Trautman KA, Bergin JD, et al. Quantification of area at
risk during coronary acclusion and degree of myocardial salvage after
repetfusion with technetium-99m methoxyisobutyl isonitrile. Cir-
culation 1990; 82:1424-1437.

Wackers FJ, Gibbons R], Verani MS, et al. Serial quantitative planar
technetium-99m isonitrile imaging in acute myocardial infarction:
efficacy for noninvasive assessment of thrombolytic therapy. ] Am
Coll Cardiol 1989; 14:861-873.

Wesbey GE, Higgins CB, McNamara MT, et al. Effect of
gadolinium-DTPA on the magnetic relaxation times of normal and
infarcted myocardium. Radiology 1984; 153:165-169.

Rehr RB, Peshock RM, Malloy CR, etal. Improved in vivo magnetic
resonance imaging of acute myocardial infarction after intravenous
paramagnetic contrast agent administration. Am ] Cardiol 1986;
57:864-868.

Peshock RM, Malloy CR, Buja LM, et al. Magnetic resonance imag-
ing of acute myocardial infarction: gadolinium diethylene-triamine
pentaacetic acid as a marker of reperfusion. Circulation 1986;
74:1434-1440.

Van Rossum AC, Visser FC, Van Eenige MJ, et al. Value of
gadolinium-diethylene-triamine pentaacetic acid dynamics in mag-
netic resonance imaging of acute myocardial infarction with occluded
and reperfused coronary arteries after thrombolysis. Am ] Cardiol
1990; 65:845-851.

VOLUME 59 NUMBER 4


http://www.ccjm.org/



