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Objectives. To study the relationship between lesion vessel area and myocardial salvage assessed by
myocardial single photon emission computed tomography] SPECT[in acute myocardial infarction with
stenting after thrombectomy.

Methods. This study included 71 patients who underwent stenting after thrombectomy for acute myocar-
dial infarction. Intravascular ultrasoundl IVUS3wvas performed after thrombectomy. Patients were classified
into two groups: the High group with external elastic membrane cross-sectional aredl EEM-CSALbf the
lesion § 18 mni?] 34 patientsChnd the Low group with EEM-CSA [0 18 mn] 37 patients[] Dual isotope
myocardial SPECT imaging was undertaken by perfusion SPECTI *'TI or *™Tc-MIBIChnd '*I-155 p-
iodophenyl[(}3:] R,-SCmethylpentadecanoic acidl BMIPPL The image of the left ventricular myocardium
was divided into 17 segments to calculate total defect score using a 5-grade assessmerf] 0: normalll 4:
defect[] Differences in total defect score of perfusion SPECT and '*I-BMIPP was defined as mismatch.

Results. Culprit lesion morphology was assessed by IVUS. A higher incidence of lipid pool-like images

0 47% vs 5%, pUO 0.010vas observed in the High group. The results of myocardial SPECT study revealed
no difference in the total defect score of '*I-BMIPP] 18.3+ 5.5 vs 17.3% 6.3 pointsCbut the mismatch in
total defect score of perfusion SPECT and '*I-BMIPP was significantly lower in the High groupl 3.8+ 3.9
vs 7.7+ 4.2 points, pJ 0.050

Conclusions. Patients with a high culprit lesion vessel area show fewer beneficial effects in myocardial
salvage compared with those with low vessel area as assessed by myocardial SPECT in acute myocardial
infarction with stenting after thrombectomy.
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INTRODUCTION

No reflow phenomenon is known to occur in
reperfusion therapy by percutaneous transluminal
coronary interventiohl PCI[for acute myocardial
infarction, and is a major issue for myocardial sal-
vage in patients with acute myocardial infarction'"*".
One mechanism for the occurrence of the no-reflow
phenomenon in PCI is microvascular embolization
caused by thrombus and plaque debris from the
lesion site*”. Thrombectomy devices and embolic
protection devices are effective to prevent this
occurrence’”’”. However, several studies have
noted patients with worsening of coronary flow
after performing plain old balloon angioplasty or
stent implantation following thrombectomy, sug-
gesting that the preventive effects of thrombectomy
devices against microvascular embolization may be
insufficient in some patients'®'"”

Large lesion external elastic membrane cross-
sectional areal EEM-CSA[hs measured by intravas-
cular ultrasound] IVUSUs an independent predic-
tive factor of the no-reflow phenomenon in acute
myocardial infarction'?". However, no studies have
investigated the effect of damage to the microcircu-
lation in patients with a large lesion EEM-CSA if
stenting is performed after thrombectomy.

This study investigated the relationship between
culprit lesion vessel area, assessed by IVUS, and
myocardial salvage, assessed by myocardial single
photon emission computed tomography! SPECTL]
in patients with acute myocardial infarction who
underwent stenting after thrombectomy.

SUBJECTS AND METHODS

Subjects

This study included 71 of 131 patients with ini-
tial myocardial infarction who underwent stenting
from May 2003 to February 2005 at our institution
within 12 hr of the onset of symptoms. These 71
patients underwent IVUS studies following
thrombectomy. Patients with Thrombolysis in
Myocardial Infarctioh] TIMI(Hlow grade'*3 in base
line coronary angiography, target lesion in the left
main coronary artery or left circumflex artery, or
those using embolic protection devices were
excluded from this study.

Patients who did not undergo IVUS were com-
plicated by cardiogenic shock, had a target ves-
sellJ 2.5mm from visual confirmation of coronary
angiography findings, or in whom the IVUS

catheter was unable to cross over the lesion were
also excluded. The mean lesion EEM-CSA mea-
sured by IVUS was 18.4+ 4.3mm?’ in patients
exhibiting the no-reflow phenomenon during PCI
for acute myocardial infarction'*". Based on this
result, the patients were classified into two groups
according to lesion size: the High group with
lesion EEM-CSA B 18 mmf] 34 patients, 34
lesions[and the Low group with EEM-CSA [J
18 mnt3 37 patients, 37 lesionsl] for a comparative
retrospective study of clinical outcomes.

Diagnosis and procedure

The diagnosis of acute myocardial infarction was
made after ] 30 min of continuous chest pain, with
ST segment elevation [l 2.0 mm in at least two con-
tiguous electrocardiogram leads, and all 3-fold
increase in serum creatine kinase of the normal lev-
els.

Baseline coronary angiography was conducted
after 5,000 U of interarterial heparin was adminis-
tered through a 6F or 7F sheath inserted in the radi-
al or femoral artery. After performing angiography
of the collateral artery and evaluating coronary flow
by the Rentrop classification'*, angiography of the
culprit artery was conducted with a guiding catheter
to evaluate TIMI flow grade[d The lesion was
crossed by the guide wire and PCI was performed
by inserting a 6F or 7F Thrombuster thrombectomy
cathetelr] Kaneka Co. Ltdl Bloodl 200 50 m/Uwas
manually aspirated while moving the thrombecto-
my catheter back and forth from the distal and
proximal sites of the lesion.

After removal of the thrombectomy catheter, the
Avanar IVUS catheter] Volcano Co. LtdDOwas insert-
ed distal to the lesion, and observations were con-
ducted while pulling the catheter back to the coro-
nary orifice using the auto pull back system

U 1 mm/secl] Plain old balloon angioplasty was per-
formed after observations, followed by stent
implantation. TIMI flow grade was assessed in the
coronary angiography following PCI. The selection
of type, size and length of stent to be used was left
to the discretion of the operator. Dilation was
achieved by inflation under a maximum inflation
pressure of 10 atm or more.

In principle, oral administration of anti-platelet
agenkt] aspirin 81 or 162 mg/day, ticlopidine
200 mg/dayOwvas continued for at least 2 weeks fol-
lowing the procedure.

J Cardiol 2006 Mar; 47) 311 123—-131



( Short-axis )

Apical Mid Basal

Vessel Area and Myocardial Salvage 125

( Vertical long—axis )

1
13 7 Fig. 1 Left ventricular myocardium was
8 12 2 6 divided into 17 segments, and total
14 @ 16 defect score calculated using a 5-
grade evaluation system
15 9 11 3 5 0: normal, 1: mildly reduced, 2: moder-
10 ately reduced, 3: markedly reduced, 4:
4

Angiographic analysis

Left ventricular angiography was performed on
all patients in the acute phaskl at the end of PCI[]
and the chronic phaskl mean follow up 5.8+ 1.1
months[] CCIP-3100 Cathex Co. LtdDOwas used for
quantitative assessments of left ventricular angiog-
raphy. For assessment of the left ventricular func-
tion, using the SD/chord on angiograms was calcu-
lated by the centerline method to obtain regional
wall motion'*". The differences in regional wall
motion values from the acute to chronic phase were
also calculated for study.

Analysis of IVUS images

IVUS images were recorded on sVHS videotape
and loaded into NETRA IVUSI Sclmage, Ver.
2.04.00or off-line analysis. The same investigator
conducted all IVUS analyses. In IVUS assessment
of culprit lesion morphology, fissure was defined as
an abrupt, focal, superficial break in the linear con-
tinuity of the plaque, extending in a radial
direction; dissection was defined as rupture of the
vessel wall creating one or more neolumina; lipid
pool-like image was defined as a pooling of low-
echoic material or echolucent material covered with
a high-echoic layer; and bright echoes deep in the
vessel wall [J 90 degrees with acoustic shadowing
were defined as superficial calcium'?". NETRA
IVUS was used to measure the EEM-CSA and
lumen cross-sectional are&] lumen-CSA[ht the
lesion site and at proximal and distal reference seg-
ments. Plaque cross-sectional arehl plaque-CSAU
was calculated as EEM-CSA minus lumen-CSA.
Positive remodeling was defined when lesion EEM-
CSA was larger than proximal reference EEM-
CSA'™",

Myocardial SPECT analysis
Following the PCI procedure, all patients under-

went dual isotope imaging by myocardial perfusion
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defect.

SPECT using **' TICO **' T1br **™Tc-sestamibi
0 *™Tc-MIBIChnd myocardial fatty acid metabolic
SPECT using '*I-158 p-iodophenyl[(}3E R, -S[}
methylpentadecanoic acidl BMIPP[1"". Myocardial
perfusion SPECT was conducted at a mean 7.3+
4.7 days after the PCI procedure. Myocardial fatty
acid metabolic SPECT was conducted at a mean

8.4% 2.1 days following the procedure.

The left ventricular myocardium was divided
into 17 segments on short-axis and vertical long-
axis tomograms! Fig. 10J Two physicians specializ-
ing in nuclear cardiology visually scored each seg-
ment into 5-gradé] O0: normal, 1: mildly reduced
uptake, 2: moderately reduced uptake, 3: marked-
ly reduced uptake, 4: defect of uptakel[l The sum
of total scores was expressed as total defect score,
and a difference between total defect score of the
perfusion agent and fatty acid agenft] fatty acid
agent[] perfusion agentl] was classified as
mismatch'®”. Scoring of myocardial SPECT was
undertaken by investigators unaware of assignment
of the High and Low groups.

Statistical analysis

Values are expressed as actual measurements,
ratiol] %LU and mean* standard deviation.
Continuous variables were compared by the z-test,
and group comparisons by the X * test.

RESULTS

Patient characteristics

No differences existed between the groups in
age, sex, coronary risk factors, onset to recanaliza-
tion time, or drugs used following the procedure.
The High group had a significantly higher post PCI
peak creatine kinase-MBI High: 301+ 1571U/[ vs
Low: 221+ 1291U/1, pO 0.05; Table 1]



126

Nakano, Wagatsuma, Sato et al

Table 100 Patient characteristics

High group

Low group

0 n0 340 0 n0 370 p value
Agél yr[d 64+ 12 67+ 12 NS
Male 291 850 2817600 NS
Risk factors
0 O Diabetes mellitus 10 320 161 430 NS
0 O Hypertension 161 470 201 540 NS
U O Hyperlipidemia 151 440 121 320 NS
O O Smoking 16] 4700 161 430 NS
Onset to recanalization timé] min[J 234+ 186 264+ 216 NS
Creatine kinase! 1U/IJ 3,820+ 1,976 3,010+ 1,722 NS
Creatine kinase-MBI 1U/I0] 301+ 157 221+ 129 00.05
Medications
0 O ACE or ARB 251740 291780 NS
0 O Calcium blocker 121 350 141 380 NS
0 O Beta-blocker 8190 B1 80 NS

Continuous values are meant SD.OO O 0 O.

High group: With lesion external elastic membrane cross-sectional area 18 mm?. Low group: With lesion
external elastic membrane cross-sectional areal] 18 mm?.
ACEL angiotensin converting enzyme inhibitor; ARBL angiotensin receptor blocker.

Angiographical characteristics and strategy for
stenting

There were no differences between the groups in
target vessel, number of lesion vessels, or TIMI
flow grade and Rentrop classification in the base-
line coronary angiography. Although the High
group showed a lower incidence of TIMI 3 flow
following PCI, this was not significant. Size of
stent used] High: 3.9+ 0.4 vs Low: 3.2+ 0.3mm,
p U 0.01Chnd maximum inflation pressurk] High:
15.6+ 2.8 vs Low: 14.1+ 2.8atm, p[] 0.050were
significantly higher in the High groupl Table 2[]

IVUS findings

Comparison of culprit lesion morphology found
a higher incidence of fissure or dissectiohl High:
56% vs Low: 11%, p 0.010, lipid pool-like
imagél High: 47% vs Low: 5%, p 0.010J and
positive remodelingl High: 47% vs Low: 5%,
p0 0.010n the High group. IVUS measurements
showed EEM-CSA] High: 25.0%+ 6.2 vs Low:
14.7+ 3.0mm? p0 0.01Chnd plaque-CSA] High:
21.1+ 5.8 vs Low: 11.3+ 2.0mm?, p 0.01Cht
the lesion site were significantly higher in the High
group, but no significant difference was observed
for lumen-CSAI Table 30

Myocardial SPECT findings
2'TICI or *™Tc-MIBI total defect scorel High:
14.5+ 6.6 vs Low: 9.9% 5.3 points, p[J 0.050wvas
significantly higher in the High group. There was
no difference in 'I-BMIPP total defect score
U High: 183+ 5.5 vs Low: 17.3+ 6.3 points[] On
the other hand, mismatch of total defect score
U High: 3.8+ 3.9 vs Low: 7.7+ 4.2 points, p [
0.050was significantly lower in the High group
U Table 4[]

Regional wall motion finding and incidence of
Q-wave in electrocardiogram 2 months after the
onset of acute myocardial infarction

The difference in regional wall motion

0 SD/chordlifrom the acute to chronic phase
0 High : 0.20x 0.31 vs Low : 0.38+ 0.33
SD/chord, p U 0.050was significantly lower in the

High group. The High group had a significantly

higher incidence of patients] High: 68% vs Low:

43%, p[] 0.050with Q-wave in the electrocardio-

gram 2 months after the onset of acute myocardial

infarctioh! Table 5[]

DISCUSSION

Achievement of TIMI 3 flow in reperfusion ther-
apy by PCI for acute myocardial infarction is an
important factor for prognosis'’”. However,

J Cardiol 2006 Mar; 47) 311 123—-131



Vessel Area and Myocardial Salvage 127

Table 20J Angiographical characteristics and strategy for stenting

High group Low group

0 a0 340 0 0 370 p value
Target vessel
U O Left anterior descending artery 181 530 201 590 NS
O O Right coronary artery 16 4700 181410 NS
Extent of coronary artery disease
0 O One-vessel disease 201 650 251 680 NS
0 O Two-vessel disease 200 190 NS
U O Three-vessel disease 51150 5130 NS
Collateral flow grade at baseline coronary angiography
0 0O Grade 0 191 5600 20 570 NS
0 O Grade 1 181 380 151 4000 NS
0 O Grade 2 e 030 NS
U O Grade 3 0 0 NS
TIMI flow grade at baseline coronary angiography
00 TIMIO 20 620 201 5900 NS
00 TIMI 1 4120 T 190
00TIMI2 91260 812200
UOTIMI3 0 0
TIMI flow grade at final coronary angiography
00 TIMIO 0 0 NS
OO0TIMI 1 0 0
00TIMI2 4120 030
00TIMI3 30 880 361970
Ejection fraction at acute phase] [J O 53.7+ 12.7 53.5+ 124 NS
Strategy for stenting
U O Stent size] mm[] 39+ 04 32+ 03 00.01
O O Stent length] mm0 18.4% 4.0 18.9+ 4.7 NS
0 0 Maximum inflation pressuré] atm[J 15.6x 2.8 14.1x 2.8 00.05

Continuous values are meant SD.OJ0 OO O.
Explanation of the groups as in Tablel.
TIMIO Thrombolysis in Myocardial Infarction.

although the current achievement rate of TIMI 3
flgw in coronary angiography after PCI is about
800 90%, the achievement of good flow on the
microcirculation level is only 200 30%2%*'",
Therefore, new methods to replace TIMI flow
grade in the assessment of myocardial reperfusion
are currently under study. The myocardial blush
grade”"and TIMI myocardial perfusion grade*"are
being used in coronary angiography.

Myocardial scintigraphy is an effective method
to assess damage of the microcirculation®. In this
study, the mismatch between fatty acid metabolic
agents and perfusion agents in myocardial SPECT
was used to assess myocardial salvage by PCI. This
mismatch is distinctly observed in the acute to sub-
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acute period following reperfusion therapy in
patients with myocardial infarction. The mismatch
area reflects the area of myocardial salvage
achieved through reperfusion therapy***". The
myocardial infarct sizkl risk arealht the time of the
onset of infarct can be estimated indirectly from the
defect area of fatty acid metabolic agents in the
subacute phase””**".

The two groups in this study showed no differ-
ence in the total defect score of fatty acid metabolic
agents in the subacute phase, suggesting that no
significant difference was present in the risk area.
On the other hand, the mismatch in total defect
score of the fatty acid metabolic agent and perfu-
sion agent was significantly lower in patients with
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Table 30 Intravascular ultrasound findings

High group Low group

0 n00 3400 0 n0 370 p value
Intravascular ultrasound lesion morphology
U O Fissure/dissection 191 560 4110 00.01
0 O Lipid pool-like image 161 470 2150 0J0.01
O O Superficial calcium 181 3800 181490 NS
0 O Positive remodeling 16 470 150 0o0.01
Intravascular ultrasound measurements
O O Reference proximal site
0 0 0O O EEM-CSA]l mm20J 22.5+ 5.8 16.6x 3.2 00.01
00 0O U Lumen-CSA] mm2[J 11.2+ 34 83+ 23 0o0.01
0 0 O O Plaque-CSA] mm?[J 11.2+ 4.2 8.2+ 1.6 0o0.01
0 O Lesion site
0 00O O EEM-CSAl mm?[J 25.0+ 6.2 14.7+ 3.0 0o0.01
0 0O O Lumen-CSA] mm?[J 39+ 1.2 3.4+ 09 NS
0 0 O O Plaque-CSA] mm?[J 21.1x 5.8 11.3+ 2.0 0J0.01
0 O Reference distal site
0 0 0O O EEM-CSA]l mm20J 17.5+ 4.4 12.2+ 3.3 00.01
00O U Lumen-CSA] mm2[J 8.6 2.7 59+ 2.0 0o0.01
0 0 O O Plaque-CSA] mm?[] 8.9+ 3.2 6.3+ 2.4 0o0.01

Continuous values are meant SD.O O 1 O.
Explanation of the groups as in Table 1.
EEMU external elastic membrane ; CSA[ cross-sectional area.

Table 401 Myocardial single photon emission computed tomography findings

High group Low group

0 0 340 00370 p value
Total defect score of 2! TICI or *™Tc-MIBD point[] 14.5+ 6.6 9.9+ 53 00.05
Total defect score of 2> I-BMIPP] point[] 183+ 5.5 17.3£ 6.3 NS
Mismatch of total defect scor&] point[] 3.8+ 3.9 7.7+ 4.2 00.05

Values are meant SD.
Explanation of the groups as in Table 1.
#mTc-MIBIO *#"Tc-sestamibi ; '>[I-BMIPPO '*I-152] p-iodophenyl(33:] R, -SCHmethylpentadecanoic acid.

Table 500 Regional wall motion finding in left ventriculography and incidence of Q-wave in
electrocardiogram 2 months after the onset of acute myocardial infarction

High group Low group

0 0 340 0 0 370 p value
Regional wall motiohl SD/chord[]
0 O Acute phase 0 1.65% 0.55 0 1.79% 0.46 NS
0 O Chronic phase 0 1.45+ 045 01.41+ 0.39 NS
Difference in regional wall motiohl SD/chord[] 0.20+ 0.31 0.38+ 0.33 0o0.05
Q-wave in electrocardiogram 2 months after onset 281680 0 161430 0 00.05

Difference of regional wall motion was calculated as regional wall motion at chronic phase minus regional wall
motion in the acute phase.

Continuous values are mean+ SD.

Explanation of the groups as in Table 1.
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high lesion EEM-CSA. Therefore, we infer that in
stenting after thrombectomy, there is less reperfu-
sion on the microcirculation level in patients with
high EEM-CSA.

In addition, the high lesion EEM-CSA group of
patients had a lower degree of improvement of
local wall motion in the infarct area from the acute
to chronic phases compared to the low group and
also had a high ratio of Q-wave myocardial infarc-
tion in 2 month after the onset. The area of mis-
match reflects stunned myocardium and shows an
improvement over time in wall motion'**". There
were no significant differences between the two
groups in SPECT observed risk area, onset to
recanalization time, TIMI flow grade and collateral
grade at baseline coronary angiography, or pharma-
cologic agents used after the procedure. This leads
us to believe that the difference in myocardial sal-
vage effects by PCI was reflected in the degree of
improvement in wall motion in the chronic phase.

IVUS of the culprit lesion morphology found
higher incidence of fissure or dissection and lipid
pool-like images in patients with high lesion EEM-
CSA. Other than thrombus, the significant factor
for microvascular embolization in patients with
acute myocardial infarction is the plaque con-
stituents that accompany plaque rupture’”*?". In
addition, culprit lesions in large vessels that have
lipid pool-like images or ruptured plaque contain a
large lipid core and plaque gruel at the lesion site.
Thus, severe microvascular embolization occurs in
many patients caused by the large amounts of
plaque crushed during the PCI procedure'>¥" ",
Therefore, regardless of aspiration of thrombus by
thrombectomy, subsequent PCI would cause more
serious microvascular embolization of plaque
debris, leading to less benefit for myocardial sal-

oo
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vage in patients with high lesion EEM-CSA.

The use of embolic protection devices has been
considered as a method to prevent microvascular
embolization by plaque debris or thrombus. In
Japan, the Guardwire Plus™ Medtronic Co. Ltd[]
can be used as an embolic protection device, but
the efficacy was not demonstrated in the Enhanced
Myocardial Efficacy and Recovery by Aspiration of
Liberated Debris]l EMERALDUtrial, a prospective
randomized controlled frial for patients with acute
myocardial infarction®*”. However, the Guardwire
Plus™ is effective, for saphenous vein grafts and
for acute myocardial infarction culprit lesions iden-
tified by angioscopy as ruptured plaque with large
amounts of plaque debris at the lesion site™’". As
culprit lesions in large vessels have similar lesion
characteristics, we believe that the Guardwire
Plus™ can contribute to the achievement of good
reperfusion in such patients by effectively prevent-
ing distal embolization.

Study limitations

This study was a non-randomized retrospective
single-center trial, with subjects limited to those
who underwent IVUS. A larger prospective multi-
center investigation is necessary.

CONCLUSIONS

Patients with stenting after thrombectomy for
acute myocardial infarction and a high culprit
lesion vessel area show less benefit in myocardial
salvage assessed by myocardial single photon emis-
sion computed tomography. The adjunctive use of
embolic protection devices for culprit lesions in
large vessels should be assessed to achieve optimal
reperfusion on the microcirculation level.
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