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Incomplete lysis of thrombus in the moderate
underlying atherosclerotic lesion during
intracoronary infusion of streptokinase for acute
myocardial infarction: quantitative angiographic
observations
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ABSTRACT Thrombolytic recanalization of the obstructed coronary lumen was studied in 32 pa-

tients receiving intracoronary streptokinase for 60 to 90 min during acute myocardial infarction. The
process was viewed at high arteriographic magnification and was quantified with computer-assisted
measurements from repeated single-plane views. The variability of the method for this application was
0. 15 to 0. 18 mm on minimum diameter estimates. Structural details were seen that are not commonly
appreciated at conventional magnification. The recanalized lumen appears to form along an interface
between the thrombus and the vessel wall, progressively enlarging its minimum arteriographic diame-
ter to 0.65 0.24 mm (±+ 1 SD) at the end of the short-term infusion of streptokinase reflecting a final
percent stenosis of 77 10%. In nine infarct lesions found patent 5 + 3 weeks later, the recanalized
lumen further improved an average of 0.34 mm in minimum diameter (p < .005) and 13% stenosis (p <
.01). A thin film of contrast medium surrounding the obstructing thrombus faintly defined the bound-
aries of the original atherosclerotic lumen in all but two cases. The "original stenosis" measured 1.25
0.32 mm in minimum diameter and 56 14% stenosis when first visualized; it was unchanged
throughout the course of infusion of streptokinase. In five patients catheterized 10 + 12 weeks before
their infarction, the original stenosis averaged 1.15 0.22 mm in the preinfarct angiogram, as

compared with 1.17 + 0.23 mm in its faintly defined form during thrombolytic therapy (p = NS). In
10 cases, this original lesion was less than a 50% stenosis, and in 21 cases less than 60%. These
measurements permit an objective evaluation of the thrombolytic process; they demonstrate that mild-
to-moderate atherosclerotic coronary lesions are subject to acute thrombotic occlusion and that intra-
coronary streptokinase administered over 60 to 90 min only partially lyses the obstructing thrombus.
Circulation 73, No. 4, 653-661, 1986.

THE SYSTEMIC INFUSION of a thrombolytic agent
is a potentially beneficial treatment option in the set-
ting of acute myocardial infarction.'-7 Current evi-
dence suggests that the great majority of arteries sup-
plying the zone of infarction are occluded by thrombus
appearing to originate at the site of an atherosclerotic
plaque.'8 9 In many cases, plaque ulceration may be the
initiating thrombogenic event.'0 A number of factors
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may influence the effectiveness of thrombolytic ther-
apy. Among these are the agent and dose used,"-" the
time of its delivery,'-22 location of the occlusion and
presence of collaterals,17 the route and duration of drug
administration,20-24 and the rate and extent of initial
recanalization.25' 26 Objective techniques that can be
used to assess the role of each of these factors include
the follow-up of well-defined clinical end points, con-
trast and radionuclide ventriculography, and contrast
arteriography. Although the ultimate goals of therapy
are expressed in terms of myocardial viability and the
clinical state, the immediate objective is to produce a
rapid and hemodynamically effective racanalization of
the occluded artery. Information pertinent to that ob-
jective can be found in the coronary arteriogram. Un-
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fortunately, there is considerable observer variability
in the conventional estimation of severity of coronary
stenosis,27 28 and we believe that the recanalized arteri-
al lumen has structural features29 that make accurate
visual interpretation even more difficult in this setting.
Therefore, we have developed an objective arterio-
graphic approach to the analysis of the thrombolytic
process and have evaluated its variability. Measure-
ments are described from 32 patients with initially
successful recanalization with intracoronary strepto-
kinase.

Methods
Patients. Arteriograms from 16 participants in the Western

Washington trial of intracoronary streptokinase in myocardial
infarction6 and from 16 patients undergoing similar thrombo-
lytic therapy in Hamburg, West Germany,4 were collected for
evaluation from series of 23 and 20 consecutive cases. respec-
tively. These were selected with the requirements that intracor-
onary streptokinase was used and that reperfusion occurred dur-
ing its infusion. Mean age of the patients was 56 years (range 28
to 82). Mean time to administration of intracoronary streptokin-
ase was 3.9 hr (range 2.0 to 11.5) after the onset of chest pain.
Mean intracoronary dose was 203,000 ± 74,000 (SD) IU of
streptokinase. Occlusion of the left anterior descending coro-
nary artery occurred in 19 (59%) of these patients, of the right
coronary artery in 10 (31 %), and of the left circumflex coronary
artery in three (10%).

Three patients groups were defined. Five patients (group 1)
had undergone coronary angiography shortly before the acute
myocardial infarction. The mean interval between the "prein-
farct" angiogram the the streptokinase angiogram was 10 + 12
weeks. Group 1 provided a unique opportunity to examine the
stenosis before its thrombotic occlusion and to evaluate the
amount of thrombolytic recanalization relative to the "original"
stenosis. In 16 patients (group 2), angiograms of the occluded
artery were repeated in a preselected view after intracoronary
administration of 0.2 mg of nitroglycerin, and then every 15
min during the subsequent intracoronary infusion of streptoki-
nase, which continued in all patients for 1 hr and in five for
longer, up to 90 min. Group 2 permitted observations on the
temporal sequence of events in thrombolysis. Thirteen patients
(group 3), principally those treated in Hamburg, were electively
recatheterized at an average of 5 + 3 weeks after the initial
infusion of streptokinase. In nQne of these was an intervening
procedure such as bypass grafting or percutaneous angioplasty
performed. In all cases, warfarin anticoagulation was initiated
and continued until the late angiogram (protime data are not
available). Group 3 permitted a perspective on the early fate of
an initially recanalized stenosis. Two patients in group 2 also
provided data for group 3. Patients in groups 1, 2, and 3 re-
ceived 220,000 + 66,000, 202,000 + 84,000, and 198,000 +
71,000 IU of intracoronary streptokinase, respectively.

Quantitative angiography. We quantified the process of
thrombolytic recanalization from repeated injections in a single
arteriographic view.30 Practical considerations prevented the
traditional use of paired perpendicular views. Specifically, re-
peated paired views at five points during the course of throm-
bolysis would have added up to 100 ml of additional contrast
medium to the procedure; this extra contrast burden is potential-
ly hazardous in a patient with acute myocardial infarction. Con~
sequently, the "best" view of the occluded artery was selected
by the angiographer from among the initial two-to-four standard

projections, and injections were repeated in this single view at
subsequent points. In measuring these arteriograms, traditional
corrections for pincushion distortion and for out-of-plane mag-
nification were made with three-dimensional information ob-
tained from the initial paired views; thus the dimensional accu-
racy of these measurements is as previously described.3s3
Single-plane lesion analysis. as performed in these studies,
makes the assumption that the measured lumen is round in
cross-section. We believe that this is a suitably accurate ap-
proximation in the usual atherosclerotic lesion, 4-36 based on
measurements of lumen dimensions in physiologically distend-
ed diseased arterial segments. However, the assumption of lu-
men "roundness" in the partially thrombosed recanalizing lu-
men is as yet untested. Lumen cross-section in that unique
setting might well be irregular. perhaps even crescent-shaped.
Thus, even if the perpendicular views were obtained, we believe
it would be inappropriate to estimate lumen cross-sectional
area, as we have done with the usual coronary lesion. For this
reason, the lumen measurements in this report are expressed
simply in terms of the observed lumen diameters. "Normal"
artery diameter was measured proximal and, when seen, distal
to the thrombosed segment, as were minimum lumen diameter
and percent diameter reduction in the stenosis. Stenosis pressure
loss at a hypothetical normal flow of I ml/sec37 was estimated31
assuming a round lumen with the diameter being that measured
from the single view.
From our initial experiences in observing these thrombosed

segments at high magnification, it became obvious that conven-
tional measures of severity of stenosis do not always apply
directly to the recanalizing lumen. Figures 1 to 4 illustrate the
unique nature of this problem in the definition of lumen geome-
try. Initially, the lumen is totally or subtotally occluded with
thrombus. As perfusion is reestablished, blood (and contrast
medium) flows through a recanalized lumen, which appears to
course along a path at the interface between the intimal surface
and the newly formed thrombus. The injected contrast medium
can also be seen to surround the thrombotic mass in such a way
as to faintly opacify its contours, thus appearing to define the
boundaries of the original lumen. This distinction between the
densely opacified and the faintly opacified lumens was clear in
all but two cases. The problem is to determine the effective
lumen, whose actual size must fall between that of the small
densely opacified channel through which blood appears to flow
most rapidly, and that of the larger, faintly opacified channel
defined by the staining of the thrombus. As one solution to this
dilemma we measured each of these two lumens, and observed
the time course of change in each during the thrombolytic
process.

Angiograms of obstructed segments were projected* at about
5.5-fold magnification in the selected view, and the borders of
the original lumen and of the recanalized lumen were traced, as
illustrated in figure 1, b. For each study time point, these two
traced versions of the obstructed segment were manually digi-
tized into a DEC-VAX computer. A segment of the catheter tip,
of known diameter, was digitized as a scaling reference. The
computer software corrects for pincushion distortion and for
out-of-plane and optical magnification to provide a true-scale
representation of the occluded segment as illustrated in figure 1,
c, from which are computed the above estimates. The accuracy
and precision of this technique for measurement of ordinary
coronary lesions have been described30-33 and the hemodynamic
estimates experimentally validated.38 Error and variability are
within + 3% ( 1 SD) and + 0.1 mm on repeated estimates of
percent stenosis and minimum lumen diameter.

Variability of method for study of thrombolysis. Because

*Vanguard Instrument Co., Melville. NY, Model M35clS2 stand.
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FIGURE 1. Development of the recanalized lumen during intracoronary infusion of streptokinase. a, Sequential angiographic
images. b, Sequential tracings of recanalized lumen and original lumen, as densely and faintly opacified by contrast. c, Computer
representation of the tracings. In this case a large tail of thrombus extending downstream from its point of adherence in the
stenosis is largely lysed after 60 min of intracoronary streptokinase.

the quantitative angiographic analysis of the recanalized lesion
is somewhat more complex and subjective than that of ordinary
atherosclerotic coronary lesions, it was necessary to evaluate
the variability of the method for this application. Serial mea-
surements were made during the successful recanalization of 1 1
lesions and were repeated, in blind fasion, from the same cine-
films at least 1 1 months later. A total of 61 injections of these
lesions were measured; the measurements were repeated with-
out reference to the initial analysis. From each injection, two
frames were selected by an experienced angiographer. These
were traced and digitized once each by the angiographer and by
a single technical assistant. Each dimensional estimate for a
given lesion and time point was thus an average of the four
individual measurements. The initial and final measurements
were compared in terms of the average of their differences
(evidence for a change in technique over the l l month interval)
and the standard deviation of their differences (an estimate of
measurement variability).
The statistical analysis used paired t tests for evaluation of

group trends and pooled t tests for comparison of two groups. A
difference was called significant if the probability of its chance
occurrence was less than .05.

Results

Morphologic features. Figures 1 to 4 provide typical
examples of the thrombolytic process and illustrate the
measurement method. When viewed at high magnifi-
cation, structural details are visible that are not easily
appreciated at the magnifications used commonly for
angiographic viewing. In 30 of 32 cases, one or more
distinct lobulated masses of thrombus were seen in the

vessel lumen after flow had been reestablished. In 29
of these cases, the proximal part of the thrombus ap-
peared to adhere to a site of atherosclerotic arterial
narrowing (see figure 3 for the apparent exception). In
16 (55%) of these 29 cases, this thrombus extended

Initial
Acute
m1

15 mn 60 mun
FIGURE 2. Example of the developing recanalized lumen and the
rapidly disappearing large tail of thrombus extending distally from its
apparent site of attachment in the original stenosis. Residual "thrombus-
at 60 min is indicated by the arrows.
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I NITIAL 20 MIN..: 6 MIN 9UMIN
ACUTE MI
FIGURE 3. Time-course of thrombolysis over 90 min infusion. Initial-
ly, this right coronary artery appears occluded at a site of severe organic
stenosis. At 20 min, the thrombus appears to have migrated downstream
and to have reattached at or near the ostium of an acute marginal branch,
where it appears to cause the greatest focal obstruction. During the
course of treatment, the thrombus mass diminishes but the severe proxi-
mal stenosis persists.

downstream, well into the apparently normal lumen
distal to the stenosis. In these 16 cases, the initial
diameter of this "tail" of thrombus, measured by cali-
per from the tracings, averaged 71% of the distal lu-
men it nearly filled. In 10 of the 16 cases in which this
large mass of thrombus was observed, it completely or
nearly completely (>75%) disappeared during the in-
fusion of streptokinase. The average residual diameter
of this "tail" was 24% of its initially observed diame-
ter. Definite distal embolization from this thrombotic
mass was observed during contrast injection in four of
the 16 cases. Furthermore, nine of these 16 distal
thrombi were observed to abruptly become much
smaller between two consecutive angiograms, a char-
acteristic finding in the four cases with documented
embolization. Thus thrombus fragmentation and distal
embolization may occur more frequently than is com-
monly appreciated. Embolized thrombus appears to be
lysed quickly; in no case in this study did it cause
transient clinical deterioration or persistent distal ob-
struction. By comparison, the relatively small plug of
apparent thrombus occupying the narrowest portion of
the original stenosis lumen was more resistant to lysis.
Despite streptokinase infusions of 1 to 2 hr, this plug
persisted at 50% or more of its original diameter in 15
of 29 cases and on the average was reduced to only 49
± 20% (SD) of its original diameter.
Measurement variability. Table 1 gives the results of

the variability analysis. Normal and minimum diame-
ter in the original and the recanalizing lumen were
measured from 61 different injections of 11 infarct

lesions. The same measurements were repeated 11
months later, using the same cinefilms, but without
reference to the original analysis. The average of dif-
ferences between the two measurements was small and
not significantly different from zero. The standard de-
viation of differences in the minimum diameter mea-
surement in the recanalizing lumen was 0.18 mm,
almost twice that of repeat measurements of ordinary
atherosclerotic lesions. This increased variability is
due to frame-to-frame differences in appearance of the
recanalized lumen, as well as difficulty in identifying
distinct borders. Variability in measurement of mini-
mum diameter in the original stenosis was 0.15 mm,
surprisingly low in view of the faintness of contrast
defining this lumen. Variability for measurement of
normal vessel caliber was 0.27 mm, somewhat greater
than usual because the segment distal to the occlusion
was frequently poorly visualized during the early
stages of recanalization.

Diameter of the recanalized lumen. For each of the
three patient groups, figure 5 shows the time course of
the four angiographically measured diameters: proxi-
mal "normal," distal "normal, minimum diameter of

ACUTE MI
45.0 RAO 45" LAO

TEN DAYS LATER
450 LAO .4150i RAO

INITIAL

450 LAO

TIME

OF RX

FIGURE 4. Example of successful lysis of a thrombus adherent to a

site eventually seen to be a large plaque ulcer in an arteriogram obtained
10 days after the acute myocardial infarction. This right coronary artery
was initially subtotally occluded in the clinical setting of acute inferior
infarction. During the 90 min infusion, the recanalized lumen under-
went substantial enlargement and the patient's pain disappeared. Fur-
ther thrombolysis occurs between 90 min and 10 days (compare the 450
LAO views at these two time points).
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TABLE 1
Comparison of initial (I) arterial measurements with repeat (R) measurements done 11 months later (61 angiographic
views of 11 recanalizing lesions)

Recanalized Original
lumen stenosis Normal % Diameter

minimum minimum lumen reduction,
diameter diameter diameter recanalized
(mm) (mm) (mm) lumen

n 41 41 97 41
Mean of all measures 0.41 1.21 3.09 89
Mean of differences (I - R) + 0.04 (NS) -0.05 (NS) -0.02 (NS) -2 (NS)
Standard deviation of difterences (1 - R) 0.18 0.15 0.27 6

NS = not significantly different from zero.

the recanalized lumen, and minimum diameter of the
original stenosis lumen. The recanalized lumen aver-
aged 0.24 mm in the six vessels initially found to be
subtotally occluded before nitroglycerin or streptoki-
nase. Three of 11 totally occluded vessels opened with
intracoronary infusion of nitroglycerin to severe ste-
noses averaging 0.28 mm minimum diameter. Twen-
ty-one of the 26 that were initially occluded were open
at 15 or 30 min; all vessels eventually opened during
the infusion of streptokinase. As seen in figure 5, aver-
age recanalized lumen diameter increased with time in
a linear fashion, due in part to recruitment of newly
opened vessels and to continued thrombolysis in those
already opened. At the end of the streptokinase infu-
sion, minimum diameter in the recanalized lumen
averaged 0.65 + 0.24 mm (± 1 SD) in the 32 pa-
tients. It reached 80% or more of the minimum diam-
eter of the "original" stenosis in only five cases, in-

cluding the two in which intraluminal thrombus was
not seen. There was no significant difference in the
time course of the change in diameter among the three
groups.

Figure 5 also shows the time course of change in
percent stenosis in the recanalized lumen. Initially,
this averaged 90 ± 3% in the six subtotally occluded
vessels and was otherwise 100%. At the final injection
of the short-term study, percent stenosis averaged 77
± 10%. In nine patients with open vessels at repeat
angiography an average of 5 ± 3 weeks later, the
recanalized lumen improved an average of 0.34 mm
(0.66 to 1.00; p < .005) and 13% (74% to 61%; p <
.01) in its severity.

Diameter of original stenosis lumen. Figures 1 through
5 show that the larger lumen defined by a faint contrast
stain surrounding the thrombus was a stable anatomic
feature of the reperfused vessel, averaging 1.25 ±
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FIGURE 5. Top, Changes in diameter of proximal,
distal, "original" stenosis and recanalized coronary
lumens during intracoronary infusion of streptoki-
nase (SK). Group 1 comprises five patients in whom
preinfarct angiograms, obtained an average of 10
weeks before the thrombolytic angiograms, showed
that the faintly defined lumen seen during recanaliza-
tion is the original stenosis before occlusion. Group 2
consists of 16 patients in whom injections every 15
min document the average time course of opening at
the point of greatest narrowing in the recanalized
lumen. Group 3 includes 13 patients in whom angio-
grams were obtained an average of 5 weeks after the
acute thrombolytic study. Bottom, Changes in per-
cent stenosis of the original and recanalized lumen in
each group. The original diseased lumen is constant,
averaging 55% stenosis; the recanalized lumen im-
proves from an average initial stenosis of 97% to

77% at 60 min. In nine lesions still open at the late
angiogram, the recanalized lumen demonstrated fur-
ther improvement, although residual thrombus was

usually seen. MI = myocardial infarction; NG
nitroglycerin.
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0.32 mm in minimum diameter and 56 ± 14% stenosis
when seen initially, and 1.28 ± 0.38 mm and 55 +

16% stenosis at the end of the infusion of streptoki-
nase. There were no significant differences among the
three patient groups in the extent of narrowing in the
original stenosis lumen. In five patients for whom
comparable angiographic views had been obtained be-
fore the infarct angiogram, the measured preinfarct
lumen averaged 1. 15 + 0.22 mm, compared with 1. 17
+ 0.23 mm as the "original" stenosis lumen faintly
defined in the infarct angiogram (p = NS). These
observations strongly support the hypothesis that the
lumen boundaries defined by faint contrast staining
during recanalization approximate those of the dis-
eased lumen before it became occluded by thrombus.
The original stenosis was frequently mild-to-moderate
in severity. Among the 32 lesions, the percent diame-
ter reduction of the original stenosis was between 20%
and 30% in one (3%); it was between 30% and 40% in
five (16%), between 40% and 50% in four (13%).
between 50% and 60% in 11 (34%), between 60% and
70% in six (19%), and greater than 70% in five (15Y%).

Figure 6 integrates these morphologic features and
measurements of the recanalization process into a con-

A
A

ceptual interpretation of the usual geometry and events
of thrombolysis.

Diameter of normal vessel segments. The occluded ves-

sels were large, averaging 3.26 ± 0.96 mm lumen
diameter proximal to the obstruction. Proximal diame-
ter increased an average of 6% (p = NS) after the
intracoronary infusion of nitroglycerin and remained
constant thereafter. Lumen diameter distal to the ste-
nosis increased during the recanalization process,
averaging 2.63 ± 0.59 mm at the time of first visual-
ization and 2.81 ± 0.68 mm (p < .05) at the final
visualization after an average of 63 ± 10 min of the
streptokinase infusion. Distal lumen dilation peaked
much later than proximal dilation, suggesting that it
was more likely a response to rising distal arterial
pressure than to nitroglycerin.

Time course of change in stenosis resistance. For pur-
poses of this analysis, totally occluded vessels were
assigned a resistance value of 1000 mm Hg/ml/sec,
inconsistent with even minor distal perfusion. Figure 7
shows the average time course of change in estimated
stenosis pressure loss with "normal" flow for those
vessels found open initially, for those opening "early"
(15 or 30 min), and those opening Ilate" (45 or 60
min). The roughly parallel course of declining resis-
tance followed by these three groups suggests that once
reperfusion is initiated, regardless of the time of open-
ing, the process of recanalization is similar.

1~~
'THROMBOTIC OCCLUSION - ACUTE Ml1

E
E 600
a)

' 4000

p rr

ACUTE THROMBOLYSIS - PARTIAL RECANALIZATION

FIGURE 6. An interpretation of the morphologic features and mea-
surements of the recanalization process. Typically, fresh thrombus is
totally obstructive (A). During recanalization (B), thrombus morphol-
ogy and the geometry of the underlying artery are revealed radiographi-
cally by faint staining due to contrast penetration into the gap between
thrombus and endothelium (EC). Typically, the underlying stenosis is
moderate; the fibrin/platelet thrombus (F/PT) may adhere to a site of
obvious ulceration (U) arising from the necrotic center (NC) of the
plaque. A large downstream "tail" of thrombus is nearly completely
lysed (or embolized). But, in the stenosis, the acutely recanalized lumen
(RL) is only about 50% of the diameter of the original lumen (OL) after
60 min intracoronary of streptokinase. Thus a large part of the original
stenosis remains blocked by persistent thrombus.
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FIGURE 7. Time course of change in flow resistance (pressure loss at
"normal" flow of 1 ml/sec) in recanalized lumen during infusion of
streptokinase in 16 patients of group 2. Resistance was arbitrarily called
1000 mm Hg/ml/sec in totally occluded vessels. Five arteries were
barely open initially; seven opened at 15 or 30 min (early); four opened
at 45 or 60 min (late). Effective recanalization to a minimum lumen
diameter of 0.5 mm or more correlated with a resistance of 100 mm
Hg/ml/sec or less. Once the artery was open, the time course of hemody-
namic improvement in these three subgroups appeared comparable.
NTG = nitroglycerin.
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Discussion

During successful coronary thrombolysis, as visual-
ized with highly magnified arteriographic images, an
initially small channel forms along the least resistant
pathway through the occluding thrombus and enlarges
with continued lysis. Outside the boundaries of this
developing channel, a larger faintly opacified lumen is
usually seen. The latter appears to result from the pen-
etration of contrast medium into the narrow gap be-
tween thrombus and the coronary endothelial surface,
thus defining the lumen of the original stenosis as it
appeared before its acute occlusion. At its narrowest
point, this original lumen averaged 1.28 + 0.38 mm
(SD) in diameter, a 55 + 15% diameter stenosis. The
original stenosis was less than 50% in 10 of 32 (3 1%)
acutely thrombosed coronary segments, and in 21
(66%) it was less than 60%. Thus, by clinical stan-
dards, the majority of these coronary segments that
became acutely occluded were mildly or moderately
narrowed by atherosclerosis. This finding conflicts
with the widely held view that thrombosis occurs
primarily in a severe stenosis. But it is consistent with
the observation that many myocardial infarctions oc-
cur in previously asymptomatic individuals and often
after the recent demonstration of excellent exercise
capacity.
The finding of a mild-to-moderate stenosis as the

pathology frequently underlying acute coronary occlu-
sion implies that the severity of atherosclerotic narrow-
ing is not the primary determinant of the likelihood of
acute occlusion. Additional factors may include mor-
phologic features of the lesion such as vasomobility,
the size and composition of the necrotic center of the
atheroma, the thickness of the atheroma's fibrous cap
or its vulnerability to ulceration, the amount of local
inflammatory reaction, the capacity for local prostacy-
clin production, or the vigor of mechanical flexing. In
a few instances (see figure 4) the angiographic image
reveals plaque ulceration as the basis for acute throm-
bosis. However, in our experience, obvious plaque
ulceration is present in less than 20% of cases after
thrombolytic therapy. By comparison, ulceration is
found at pathologic examination in more than 90% of
fatal episodes of myocardial infarction. '0 39 Failure to
consistently observe this at angiography may be due to
the small size of the usual ulcer or to the fact that most
ulcers remain filled with thrombus - a situation visi-
ble histologically but not angiographically.

"Successful" short-term thrombolytic therapy re-
sults in a recanalized lumen that averages 0.65 ± 0.24
mm in diameter at the point of greatest narrowing. This

is approximately half of the 1.28 0.38 mm mini-
mum diameter of the original stenosis. This failure to

fully recanalize to the dimensions of the original steno-

sis has at least four possible explanations: First, the
thrombolytic infusion may not have been continued
long enough. Feldman et al.24 have shown an improve-
ment in stenosis severity with continued streptokinase
infusion to as long as 180 min. Our resistance data
suggest that active recanalization continues for at least
60 min after the time of first visualization (see figure
7). And in those nine cases found open at later restudy,
there was significant further improvement beyond the
last short-term measurement (see figure 5, group 3).
Although it is clear that continued thrombolysis oc-

curs, neither our data nor those of other investigators
directly address the question of the appropriate dura-
tion of intracoronary infusion. Second, the thrombus
occluding the original stenosis lumen may have hetero-
geneous composition, so that part of it is susceptible to

lysis by streptokinase and part is resistant. For exam-

ple, an initiating platelet-rich thrombus adherent to a

site of intimal injury may release prothrombin activa-
tors, which results in completed obstruction by a fi-
brin-rich thrombus, the latter being possibly more sen-

sitive to lysis by activated plasminogen. The relatively
rapid lysis of the large downstream "tail" of thrombus
could be due to such heterogeneity, or alternatively, to
embolization or to a larger exposed surface area.

Third, certain cofactors in the thrombolytic reaction
(such as plasminogen) could become depleted during
the initial period of infusion, thus diminishing the po-

tential for continued lysis. Fourth, the material remain-
ing in the original stenosis lumen may not be throm-
bus. It may be an extrusion of necrotic plaque debris
into the lumen, or an intimal flap, or a portion of
plaque forced into the stenosis lumen by internal
plaque hemorrhage. We believe that the angiographic
appearance in most cases and continued "late" recana-

lization argue against this possibility. But these arteri-
ographic inferences must be supported by histopatho-
logic data before this question can be resolved.
McMahon et al.3' have shown that the "critical"

proximal coronary stenosis lumen in patients with
medically refractory unstable angina averages 0.88 +

0. 14 mm minimum diameter and 72 5% stenosis.
By comparison, we found an average recanalized lu-
men diameter of 0.65 0.24 mm and a 77 10%

stenosis at the time the intracoronary infusion was

stopped. Even though the cross-sectional morphology
of the atherosclerotic lumen and that of the recanalized
lumen may differ, these measurements are certainly
not encouraging. Badger et al.`6 report that a measured
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minimum recanalized diameter of 0.4 mm or less cor-
relates well with delayed antegrade flow and washout
of contrast in the infarct vessel and that an acutely
recanalized lumen diameter of 0.5 mm or less predicts
frequent reocclusion. By this criterion, 10 of our 32
patients with recanalization had suboptimal thrombo-
lysis. Harrison et al.',5 without making the distinction
between the "original" and "recanalized" lumen, ob-
served that lumen area of less than 0.4 mm2 (0.7 mm
mean diameter) after infusion of streptokinase predict-
ed eventual reocclusion. Finally, Sheehan et al.22- 40
have determined that improvement of myocardial con-
tractile function does not occur if residual stenosis
lumen diameter measured by the above method is less
than 0.4 mm.

Acute recanalization either failed to occur or was
inadequate by the criteria above in 22 of 44 (50%) of
our patients who received intracoronary streptokinase,
in 15 of 32 (47%) patients studied by Sheehan et al.,40
and in at least 43 of 77 (56%) studied by Harrison et
al.21 The pessimistic interpretation of these data is that
intracoronary streptokinase appears to be relatively in-
effective in almost half of patients with acute trans-
mural myocardial infarction. Such patients would re-
quire percutaneous angioplasty4' or bypass surgery42 to
achieve satisfactory acute reperfusion. We favor a
more optimistic interpretation; newer generations of
thrombolytic agents, designed for rapid administration
and for clot selectivity and given in optimal dose and
duration, may well achieve the target of total throm-
bolysis. If this were to occur, the minimum diameter of
the recanalized lumen would be restored to that of the
original lumen, which averages 1.3 mm or a 56%
stenosis.

In conclusion, these measurement methods provide
an objective and apparently clinically useful means for
characterizing the thrombolytic recanalization of an
occluded artery. As such, this approach is presently
being applied in the ongoing NIH-sponsored Throm-
bolysis in Myocardial Infarction trial.

We thank Dr. Timothy DeRouen for statistical advice, Joan-
na Haug for technical assistance, and Sue Schaefer for prepara-
tion of the manuscript.
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