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Assessment of Residual Coronary Stenoses Usin
PMTc-N-NOET Vasodilator Stress Imaging to
Evaluate Coronary Flow Reserve Early After
Coronary Reperfusion in a Canine Model of
Subendocardial Infarction
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Reperfusion is often incomplete after recanalization therapy be-
cause of the presence of residual coronary stenoses. Detecting
mild to moderate stenoses requires assessing coronary flow re-
serve with vasodilator stress. %mTc-(N-ethoxy-N-ethyl-dithiocar-
bamato)nitrido (N-NOET) is a viability-independent flow tracer and
thus may be well suited for assessing coronary flow reserve in the
acute phase of reperfusion. Methods: Twelve open-chest dogs
underwent 60 min of total left anterior descending artery (LAD)
occlusion followed by either full reperfusion (group 1; n = 4) or
reperfusion through a residual critical stenosis (group 2; n = 8).
9mTc-N-NOET was given during peak vasodilator stress 165 min
after reperfusion, and initial and 60-min delayed images were
acquired. Regional blood flow was assessed with radiolabeled
microspheres. Results: Infarct size was similar in both groups (9%
+ 2% vs. 8% = 2% of left ventricle). Both initial (0.61 = 0.02 vs.
0.73 + 0.01; P < 0.01) and 60-min (0.67 *+ 0.02 vs. 0.80 = 0.01;
P < 0.01) defect count ratios (LAD/left circumflex coronary artery
[LCx]) differentiated between the 2 groups, reflecting the greater
diminution in coronary flow reserve in group 2 dogs (LAD/LCx flow
ratios = 0.37 = 0.04 vs. 0.57 = 0.09; P < 0.01). Interestingly,
coronary flow reserve in the reperfused zone of group 1 was
diminished despite the absence of a stenosis. Thus, the difference
in 9mTc-N-NOET uptake between the 2 groups was less than
expected. Conclusion: In this canine myocardial infarction model
with some coronary flow reserve preservation, ®mTc-N-NOET im-
aging can detect residual coronary stenoses. However, with more
prolonged occlusion resulting in more severe endothelial or micro-
vascular dysfunction, it may be difficult to distinguish varying de-
grees of vessel patency using any coronary flow reserve tech-
nique.
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Therapy for acute myocardial infarction has advanced
dramatically with early intravenous fibrinolytic therapy.
However, reperfusion is often incomplete because of the
presence of residual stenoses in the infarct-related artery.
This has intensified the desire of clinical cardiologists to
obtain accurate and reproducible estimates of regional myo-
cardial perfusion in this setting. Detection of residual ste-
noses requires the assessment of coronary flow reserve
during either pharmacologic or exercise stress. An ideal
perfusion tracer in this setting would permit accurate as-
sessment of coronary flow reserve independent of myocar-
dial viability in the reperfused zone.

A new neutral lipophilic myocardial imaging agent,
99T c-(N-ethoxy-Nethyl-dithiocarbamato)nitrido  (N-NOET),
shows high myocardial uptake in various animal species and
has been proposed for clinical use in the detection of cor-
onary artery diseasel{3). In a previous study from our
laboratory, we showed that myocard?&Tc-N-NOET up-
take, like 20Tl is proportional to myocardial blood flow
over a wide range of adenosine-induced hyperemic flow
(4). In addition, we have also shown that, unlik&TI,
99Tc-N-NOET uptake afte3 h of coronary occlusion and
reperfusion is more reflective of reperfusion flow than myo-
cardial viability (5). Thus, we hypothesized that these prop-
erties of%"Tc-N-NOET would make it an ideal tracer for
assessing coronary flow reserve after myocardial infarction.
Accordingly, the objective of this study was to determine
whether vasodilator stre$8™Tc-N-NOET imaging might
be useful for detection of residual stenoses early after myo-
cardial infarction.

MATERIALS AND METHODS

All experiments were performed with the approval of the Uni-
versity of Virginia animal care and use committee in compliance
with the position of the American Heart Association on the use of
research animals.
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Surgical Preparation stenosis was defined as the point where baseline flow was un-
Twelve adult mongrel dogs (mean weight, 28:30.6 kg), that changed but the reactive hyperemic response to a 10-s total occlu-
were subjected to fasting, were anesthetized with sodium pensien was completely abolishe@)( In the other 4 dogs, there was
barbital (30 mg/kg intravenously), tracheally intubated, and meo stenosis (group 1). Next, the second snare ligature was then
chanically ventilated with room air (Harvard Apparatus, Souttightened to produce a complete LAD occlusion for 60 min in both
Natik, MA) with a positive end-expiratory pressure of 5 crgCH  groups of dogs. At the end of the occlusion period, a second set of
Arterial blood gases were monitored (ABL5; Radiometer Americamicrospheres was administered. The second snare occluder was
Westlake, OH) and maintained in the normal physiologic rangthen removed in both groups of dogs, allowing full reperfusion in
The left femoral vein was cannulated with an 8-French catheter fgroup 1 dogs and partial reperfusion through the residual critical
the administration of fluids, sodium pentobarbital, &@rc-N-  stenosis in group 2 dogs. An intravenous infusion of ATL-146e, a
NOET. Both femoral arteries were cannulated with 8-French catpetent and highly selective adenosing,Aeceptor agonist (7) with
eters and used for microsphere reference blood withdrawal. fAntent vasodilator properties, was begun at 165 min after reperfu-
additional 7-French catheter was placed in the right femoral artesipn at a rate of 0.3@ug/kg/min and continued until the normal
for arterial pressure monitoring. A 7-French Millar high-fidelityzone LCx flow was maximal. This dose of ATL-146e was chosen
pressure catheter (Millar Instruments, Inc., Houston, TX) was produce high coronary flow without decreasing systemic arterial
inserted into the left ventricle through an 8-French sheath in tipeessure below 85 mm Hg (8). When LCx flow was maximal, 296
left carotid artery. The left external jugular vein was cannulateBq (8 mCi) °*"Tc-N-NOET were injected into the femoral vein
with an 8-French catheter for administration of an adenosisie Acatheter and a third set of microspheres was injected simulta-
receptor agonist, ATL-146e (Adenosine Therapeutics, LLC, Chareously into the left atrium. In vivo images were acquired at 5 min
lottesville, VA). and 60 min later. Before the dogs were killed with an overdose of
A left lateral thoracotomy was performed at the level of the fiftisodium pentobarbital and potassium chloride, the LAD was totally
intercostal space, and the heart was suspended in a pericarciakcluded with a snare, and 20 mL monastral blue dye were
cradle. A flare-tipped catheter was inserted into the left atrium foapidly injected into the left atrial catheter to delineate the ana-
pressure measurement and for the injection of radiolabeled mictomic risk area.
spheres. Two snare ligatures were placed loosely on a proximal
portion of the left anterior descending coronary artery (LAD)Preparation and Quality Control of %™Tc-N-NOET
Ultrasonic flow probes (T206; Transonic Systems, Inc., Ithaca, **"Tc-N-NOET kits were obtained from CIS-Bio International
NY) were placed on a more distal portion of the LAD and lefGif sur Yvette, France). Sodiuf?"Tc-pertechnetate (740 MBq
circumflex coronary artery (LCx). Two Doppler sonomicrometel20 mCi]) was introduced into a vial containing tin chloride
crystals (Crystal Biotech, Holliston, MA) were sutured to thdlihydrate (0.100 mg), 1,2-diaminopropaNeN,N’,N’-tetraacetic
epicardial surface of the heart in the regions supplied by the LA&sid (5.00 mg), succinyl dihydrazide (5.00 mg), and sodium phos-
and LCx to measure regional wall thickening. Throughout eadate buffer (pH 7.8). After 15 min at room temperature, 1 mL of
protocol, the electrocardiogram, arterial and left atrial pressurd@ssolution containingi-ethoxy-N-ethyl-dithiocarbamate of sodium
LAD and LCx flows, and left ventricular pressure and its first tim&onohydrate (10.0 mg/mL) and 1 mL of a solution of dimethyl-
derivative (dP/dt) were continuously monitored and recorded orfacyclodextrin (10.0 mg/mL) were added to the first vial. Ten
16-channel strip-chart recorder (K2-G; Astro-Med, Inc., Wedhinutes later"Tc-N-NOET was ready to be injected. Quality

Warwick, RI). control was performed with thin-layer chromatography using Sili-
. cagel plates (Gelman Sciences, Ann Arbor, MI) and dichlorometh-
Experimental Protocol ane. Radiochemical purity was90% in each experiment.

The protocol is shown schematically in Figure 1. Before the
setting of the LAD occlusion, baseline recordings were made Dfetermination of Regional Systolic Thickening
heart rate, arterial and atrial pressures, systolic wall thickening, Regional systolic thickening was measured by the epicardial
and LAD and LCx flows. A radiolabeled microsphere was injectecrystal pulsed-Doppler techniqu®,{0). This technique is atrau-
to measure baseline flow. In 8 of 12 dogs, the first snare wastic, has been validated previously in the canine model, and has
tightened to produce a critical LAD stenosis (group 2). A criticadbeen used extensively by our grouplj. Myocardial systolic

Group 1: No Residual Stenosis (n=4)
Group 2: Residual Critical Stenosis (n=8)

99mTc-N-NOET
mic
ATL-146e

mic  Stenosis Occlusion  Reperfusion (0.30 :glkg/min)

!

Baseline 60° 165° 5’ 55°
Time (min) FIGURE 1. Experimental protocol. mic =
radiolabeled microspheres.
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thickening was measured as the net increase in wall thickness fr8tood flow and®*™Tc-N-NOET activity for each of the 24 trans

the onset to the end of systole, as defined by the initial upwanaural sections were calculated as the weighted average of the 3
stroke of left ventricular pressure and the peak negative deflectioorresponding epicardial, midwall, and endocardial segments.
of dP/dt, respectively. Systolic thickening was calculated as fdtach segment was grouped according to the flow reduction ob-
lows: ([end-systolic thickness- end-diastolic thickness] divided served during the occlusion period. Segments with endocardial
by end-diastolic thicknessX 100%. Measurements of thickeningflow during the occlusion periogt0.5 mL/min/g were classified as
were made over at least 1 respiratory cycle during the last minutgarct zone and=0.5 mL/min/g as normal zone.

of each stage of the protocol, and the highest measured values were

reported (excluding beats that followed ventricular ectopy). Da:ﬁ :tggsﬁzji(?(t)ir?l:lug?izgssizere made using SYSTAT software

Postmortem Analysis (SPSS, !nc., Chicago, IL). The results are expressed as thetmean
At the end of each protocol, the heart was immediately excisede M- Differences between means within a group were assessed
and sliced into 4 approximately 1.5-cm-thick rings from apex t4Sing repeated-measures ANOVA or a paitaest where appro-
base. The left ventricle and septum were then separated from Bfi&te, withP < 0.05 considered significant. Differences between
remainder of the heart and photographed. Each slice was tHBf 2 9roups were assessed using a 1-way ANOVA.
carefully traced onto acetate sheets to define the endocardial and
epicardial borders and the area at risk. Slices were subsequeRESULTS
incubated in_ 1% phosophate-buﬁer_ed triphepylte_trazoliur_n Chloricﬁemodynamics
(TTC) solution at 37°C for 10 min to define infarct size, then Table 1 shows the mean heart rate, systemic arterial
rephotographed, and retraced on the same acetate sheets. Risk area . . o,
and infarct area were determined using a digital planimeter p ressure, left atrial pressure, maXImum positive dP_/dt, and
gram (DigiPlan; Scientific Computing Solutions, LLC, Charlottesl--'o_‘l_3 and LCx _ultrasomc flows at ba_selme, aft(_ar setting the
ville, VA) (5). critical stenosis (group 2 only), during occlusion, 165 min
after reperfusion, and at the peak ATL-146e effect when the
Image Acquisition and Quantification of Defect Count tracer was administered. Heart rate and systemic arterial
Ratio pressure did not change with LAD occlusion and reperfu-
Left lateral planar images were obtained at 5 and 60 min aftgjon. Left atrial pressure increased slightly during occlusion
99T c-N-NOET injection with a standard nuclear medicine gammgyt decreased after reperfusion. Regional systolic wall
camera and computer (Technicare 420; Ohio Nuclear, Solon, ?chening in the central LAD region decreased significantly
x:;hdgcvag:;‘tjéfgjeé:gnvééotgﬁgm'ﬂgg' C%lggagzvg?,: feo fP < 0.01) during occlusion and remained akinetic after
P P reperfusion in both groups of dogs. During ATL-146e in-

corded with a 128< 128 matrix for 4 min (3). A lead shield was _~". LCx ult i f X d sianificantly i
placed over the abdomen to reduce liver and splanchnic activif)lzl.s'on’ mean LLx ultrasonic Tlow increasea significantly In

Image quantification and background subtraction were performB@th groups of dogs. Although mean LAD ultrasonic flow in
on a nuclear medicine computer (Sopha Medical Systems, B@OUP 1 dogs without a residual stenosis increased signifi-
France). Ex vivo imaging of heart slices was performed direct§antly compared with that at baseline, the magnitude of the
on the collimator of the gamma camera for maximal count tim#ow increase was blunted significantly compared with the
(1,638 s) before TTC staining. Quantification®®fTc activity was normal zone LCx flow. On the other hand, mean LAD
performed on the 2 center slices because the basal slice was ahgiveasonic flow in group 2 dogs did not increase during
the occlusion and, therefore, always normal, whereas the apipgf| -146e infusion, reflecting the presence of the residual
slice lacked a quantifiable normal region. Regions of im_ereﬁbw-limiting LAD stenosis. Systemic arterial pressure in
(ROIs) were drawn on the anteroseptal area to represent the 'nf%&h groups of dogs decreased slightly but significantly

zone and on the normal posterior area. The infarct-to-normal CO%ring ATL-146e stress (from 94 2 to 87 =2 in group 1
ratio (defect magnitude) was calculated by dividing the counts pBr< 0.05; from 96+ 3 to 89 =3 in group 2 E <0.01) anc’i

ixel in the infarct ROI by the counts per pixel in the normal ROI, - .
P y P&t there were reflex rises in heart rate (from 104 to 126 =

Determination of Regional Myocardial Blood Flow and 5, P < 0.05; from 119+ 5 to 126 = 5; P < 0.01,
99mTc-N-NOET Activity respectively).

The microsphere technique used in our laboratory has begn .
described (12). To measure regional tracer activity and micr isk Area and Infarct Size

sphere-determined blood flow, each of the 4 heart slices wasi e risk area (monastral blue dye—negative area) was

divided into 6 transmural sections, which were then subdividesP% * 2% of the left ventricle in group 1 dogs and 27%

into epicardial, midwall, and endocardial segments. The resultidd® in group 2 dogs. By TTC staining, 9% 2% of left

72 myocardial tissue samples were counted-rveell scintillation ~ ventricle (26%* 6% of risk area) was infarcted in group 1
counter (MINAXI 5550; Packard Instrument Co., Downers Groveand 8%=* 2% (25%= 5% of risk area) in group 2 dogs. No
IL) with standard window settings f8P™Tc (120-160 keV) and 3 statistical difference was found in the risk area or infarct
microspheres 1{35n, 340-440 keVESr, 450-580 keV;®Nb, sjze between the 2 groups of dogs.

640-840 keV; or*¢Sc, 842-1300 keV). The tissue counts were

corrected for background, decay, and isotope spillover, and fdegional Myocardial Blood Flow

gional myocardial blood flow was calculated with specialized Table 2 summarizes the mean microsphere-determined
computer software (PCGERDA; Scientific Computing Solutionsfegional myocardial blood flows (mL/min/g) in the LAD
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TABLE 1

Hemodynamic Parameters

Parameter Baseline Stenosis Occlusion Reperfusion Peak ATL-146e
Group 1 (no residual stenosis; n = 4)
Heart rate (bpm) 118 = 8 — 116 = 9 104 = 7 126 + 5*
MAP (mm Hg) 89 + 2 — 89 + 3 94 + 2 87 = 2%
LAP (mm Hg) 60 — 8+0 7+1 7+0
dP/dt (mm Hg/s) 1,858 = 80 — 1,682 + 107 1,675 + 112 2,448 + 60t
LAD flow (mL/min) 30 +4 — 0=o0f 27 =4 62 + 6+
LAD wall thickening (%) 26+ 4 — -6 = 2f -7 =1t -1+ 3t
LCx flow (mL/min) 33+5 —_ 376 23+ 2 100 + 21%
Group 2 (residual critical stenosis; n = 8)
Heart rate (bpm) 124 =+ 6 119+ 6 128 =+ 5 1195 126 = 5%
MAP (mm Hg) 94 +3 93+ 4 92 +3 96 + 3 89 + 3%
LAP (mm Hg) 7+0 7*0 81 7+1 8 +1
dP/dt (mm Hg/s) 1,847 £ 70 1,840 + 91 1,866 = 73 1,746 = 52 2,272 + 83t
LAD flow (mL/min) 26 = 3 25+5 0+ of 17 =2 20+ 2
LAD wall thickening (%) 24 + 2 21 +3 -8 =1t -7 =1t —4 =1t
LCx flow (mL/min) 34 +4 33x5 36 =5 32+4 102 + 14+

*P < 0.05 vs. reperfusion.
TP < 0.01 vs. baseline.
*P < 0.01 vs. reperfusion.

Reperfusion = 165 min after reperfusion; MAP = mean arterial pressure; LAP = left atrial pressure; dP/dt = peak-positive first derivative
of left ventricular pressure with respect to time.

Values are expressed as mean = SEM.

and LCx zones. After setting the occlusion, myocardial floimfusion, despite the fact that the LAD was fully reperfused.
in the LAD zone was reduced significantly. No significanMoreover, although regional myocardial blood flow in epi-
difference was found in the magnitude of the flow reductiogardial and midwall segments of group 1 dogs increased
during occlusion between the 2 groups. During ATL-146eompared with baseline flow, these flows were attenuated

stress, normal coronary flow reserve was observed in tignificantly compared with normal LCx zone flows.
LCx zone in both groups of dogs with a nearly 3-fold flow

increase in flow. In group 2 dogs, regional myocardial bloo@omparison Between Myocardial *"Tc-N-NOET

flow in the LAD zone did not increase during ATL-1466Activity Ratio and Blood Flow Ratio

infusion because of the presence of the residual LAD crit- Figure 2 compares the mean LAD/LCx defect count ra-
ical stenosis. Interestingly, in group 1 dogs, endocarditibs obtained from quantification of background-subtracted
flow in the LAD zone did not increase during ATL-146e€in vivo ?"Tc-N-NOET images. For comparison, the trans

TABLE 2
Regional Myocardial Blood Flows
LAD LCx
Myocardial blood flow (mL/min/g) Baseline Occlusion ATL-146e Baseline Occlusion ATL-146e

Group 1 (no residual stenosis; n = 4)

Epicardium 0.87 =0.09 0.28 +=0.07* 1.68*=0.27* 0.87 =0.13 0.85+0.12 2.84 = 0.55*"

Midwall 0.80 =0.11 0.18 £0.08* 1.33+0.22* 0.90=*0.13 0.87 +0.12 2.68 = 0.54*T

Endocardium 0.82 +0.12 0.15*0.02* 1.10*+0.15 093 +0.14 097 +0.17 2.12 = 047"

Transmural 0.83 =0.10 0.20 = 0.04* 1.38 =0.20* 0.90 = 0.13 0.89 + 0.13 2.58 = 0.49*t
Group 2 (residual critical stenosis; n = 8)

Epicardium 0.95+0.10 0.22 +0.04* 1.27 =0.16* 095+0.09 0.87 +0.06 2.87 = 0.25"

Midwall 0.84 = 0.07 0.16 =0.02* 1.03*0.10 0.95+0.08 0.87 +0.06 2.90 = 0.19*t

Endocardium 0.89 =0.08 0.13+0.01* 0.73*x0.08 1.02+0.09 0.95+0.08 2.63=0.22*F

Transmural 0.89 +0.08 0.17 =0.02* 1.02+0.10 097 +0.08 0.89 +0.06 2.82=*0.17*t

*P < 0.02 vs. baseline.
P < 0.05 vs. LAD.
Values are expressed as mean = SEM.
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FIGURE 2. Comparison of mean LAD/LCx defect count ratio

obtained from background-subtracted in vivo images. Trans-
mural myocardial blood flow ratio at time when °mTc-N-NOET
was administered during vasodilator stress is superimposed for
comparison. Note that initial and 60-min delayed defect count
ratios were significantly less in group 2 dogs with residual
stenoses than those in group 1 dogs with no stenoses, reflect-
ing greater diminution in coronary flow reserve preserved in

March 14, 2017. For personal use only.

DISCUSSION

With the advent of reperfusion strategies aimed at restor-
ing coronary patency and improving myocardial blood flow
in acute myocardial infarction, the noninvasive assessment
of myocardial perfusion has become increasingly important.
In addition, measurement of coronary flow reserve has
gained wide acceptance as a useful approach in the deci-
sion-making process of diagnostic catheterization and cor-
onary intervention. Thus, the assessment of coronary flow
reserve can be used not only to diagnose coronary artery
disease but also to evaluate the risk of adverse cardiac
events and select the most appropriate treatment strategy in
patients after acute myocardial infarction.

In a previous study from our laboratory, we examined the
usefulness of*"Tc-sestamibi for assessing coronary flow
reserve to identify residual stenoses after reperfusion in a
similar canine model13). In dogs with a residual LAD
stenosis after reperfusiof?™Tc-sestamibi activity in the

defect region was worse (0.64) than that observed in dogs
with a fully patent LAD after reflow (0.72). Nevertheless,
the magnitude of the difference M"Tc-sestamibi uptake
(8%) between the 2 groups of dogs after vasodilator stress

mural LAD/LCx myocardial flow ratios at the time when"as disappointing. Such a small difference in defect mag-

99Tc-N-NOET was injected during vasodilator stress ardtude .betwe:an dogs V‘;ith apd.;/vithoult a seveLe r(elgiQUl':I\I
also shown. The initial (0.6% 0.02 vs. 0.73+ 0.01:P < stenosis would be problematic if translated to the clinica

0.01) and 60-min (0.6 0.02 vs. 0.80+ 0.01;P < 0.01) setting—that is, with only an average 8% worsening in the

defect count ratios were significantly greater in group yacer uptake ratio in the instance of a 'res!du.al ;ten05|s
dogs with residual critical stenoses than in group 1 do%‘%rsus a totally patent vesse.l,.clearly discriminating be-
with patent vessels, reflecting the greater diminution i een the 2 states could be difficult.

coronary flow reserve in group 2 dogs (LAD/LCx ﬂowd_f;rhree pcl;s?ble e?ﬁla;atlons m‘% be given f(:r Wh{.‘t(he
ratios = 0.37 = 0.04 vs. 0.57%= 0.09; P < 0.01). In nerence between the 2 groups of dogs was not as striking

addition, a significant increase in tReTc-N-NOET uptake as expected. First?"Tc-sestamibi uptake in the reperfused

. L L one of dogs with a fully patent LAD was diminished
ratio was found on 60-min images compared with initial ( ) .

S : : ... .because of the presence of subendocardial myocardial in-
min) images in both groups, reflecting some redistributi

: 0 : i
of 9T e-N-NOET. Yarction (21% of the risk area). Second, there was an un

Figure 3 compares the me&tiTc-N-NOET defect count
ratios obtained from ex vivo images and the in vitro activity.
ratios obtained fromy-well counting with the microsphere-

group 2 dogs. *P < 0.05 vs. injection flow ratio; TP < 0.01 vs.
group 1; ¥P < 0.05 vs. initial image.

] Injection Flow Ex Vivo Il 1 vitro

determined flow ratio at the time of tracer injection. The _ 1.00

mean®™Tc-N-NOET defect count ratio from the ex vivo 3

images was significantly lower (larger defect) in the group =4 LN N 7 e e
2 versus group 1 dogs (0.7 0.03 vs. 0.80+ 0.02;P < E i

0.01). Likewise, the in vitro activity ratio fromy-well | <l 0-50

counting of myocardial samples was significantly less in the2 I

group 2 dogs (0.67= 0.05 vs. 0.83* 0.06; P < 0.01). | & 025

However, the myocardial uptake ratio &f"Tc-N-NOET 0.00 I

underestimated the LAD/LCx coronary flow ratio at thq
time when®"™Tc-N-NOET was injected in both groups of]
dogs, as evidenced by the fact that tHETC-N-NOET  FiGURE 3. Comparison of mean LAD/LCx defect count ratio
activity ratios were significantly greater than the actual flowbtained from ex vivo images and mean LAD/LCx activity count
ratios at the time of tracer injection in both group 1 (0.37tio obtained from y-well counting. For comparison, transmural
and group 2 (0.57) dogs. Nevertheless, vasodilator stré¥@od flow ratio is superimposed. LAD/LCx ratios of ex vivo
9onTc-N-NOET imaaing identified the presence of a I’esi(fe ect and y-well activity count were less in group 2 dogs than
o ) ging P those in group 1 dogs, revealing diminished coronary flow reserve
ual critical stenosis that reduced the response to vasodi@ring vasodilator stress in group 2 dogs with critical stenoses.
tation. *P < 0.05 vs. injection flow ratio; TP < 0.01 vs. group 1.

Group 1 Group 2
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derestimation of the magnitude of the vasodilator-inducembunt ratio remained fixed at 0.713). A similar degree of
ischemia in the group of dogs with residual critical stenosesrly redistribution was also observed in the group 2 dogs
associated with the plateau Ri™Tc-sestamibi extraction that underwent reperfusion through a residual stenosis
with hyperemia in the normal LCx region. Third, coronaryf®*™Tc-N-NOET defect count ratio increased from 0.61 to
flow reserve in the reperfused zone of the totally reperfus@db7). Rapid, early myocardidP™Tc-N-NOET redistribu
dogs with a patent LAD was attenuated because of endmn after tracer injection during vasodilator stress has also
thelial or micovascular dysfunction (or both). The first 2 obeen reported from our laboratory in a canine model of a
these factors result from the biologic properties®®fTc- critical coronary stenosis (14).
sestamibi—that is, dependence of uptake on myocardialAlthough °™Tc-N-NOET uptake in the reperfused zone
viability and moderate myocardial first-pass extraction, iwas significantly less in the dogs with severe residual LAD
which 9"Tc-sestamibi uptake fails to track flow in thestenoses compared with that of the dogs with fully patent
hyperemic range. coronary vessels, the difference 9% Tc-N-NOET defect
99mTc-N-NOET, a lipophilic neutral agent, has a highmagnitude between these 2 groups was not as great as we
first-pass extraction (0.76) and accurately tracks myocardiad expected. As observed withTc-sestamibi (13), the
blood flow over a relatively wide range. A previous reportlifference in myocardial activity was not greater between
from our laboratory showed that the myocardial uptake ¢ie 2 groups of dogs mainly because of the less-than-
99T c-N-NOET is closely proportional to blood flow over aexpected tracer uptake in the LAD zone in dogs that were
wide range of hyperemic flow, with a plateau in uptake sedully reperfused with no residual LAD stenosis. The major
only at flow rates>3 mL/min/g (4). In another study from limiting factor for ™ Tc-N-NOET uptake in the LAD zone
our laboratory, we showed th&#™Tc-N-NOET uptake after was the marked diminution of coronary flow reserve in this
3 h of occlusion and reperfusion reflects reperfusion flomone. For example, the myocardial blood flow ratio (LAD/
rather than myocardial viability5). Thus, unlike2%'Tl, LCx) in the group 1 dogs with a fully patent LAD was much
99T c-sestamibi, oP®"Tc-tetrofosmin, the myocardial up less than unity (0.53 0.10). Whereas absolute flow in the
take of 2°"Tc-N-NOET is not dependent on myocardialLCx increased nearly 3-fold during vasodilator stress com-
viability when flow is present; thus, the presence of evolypared with that at baseline (from 0.900.13 to 2.58+ 0.49
ing subendocardial infarction should not significantly immL/min/g), coronary flow was markedly attenuated in the
pair the uptake of the tracer in reperfused myocardiufally reperfused LAD zone (from 0.8% 0.10 to 1.38+
supplied by a fully patent vessel. 0.20 mL/min/g). Thus, even in the absence of a physical
On the basis of these favorable kinetic properties oésidual coronary stenosis, coronary flow reserve in the
9"Tc-N-NOET, we hypothesized tha?*"Tc-N-NOET reperfused zone was severely diminished in the early phase
would be better suited tha®?™Tc-sestamibi for use as aof coronary reperfusion. We confirmed previously that the
perfusion tracer for the assessment of coronary flow resemattenuation in coronary flow reserve early after reperfusion
after reperfusion of an acute myocardial infarction for thevas caused by endothelial or microvascular damage (or
detection of a residual coronary stenosis. Indeed, in thisth) by showing marked diminution in the coronary flow
study we found that th&#"Tc-N-NOET myocardial activity responses to postreflow tests of reactive hyperemia as well
ratio (LAD/LCX) in the ischemic zone of the group 2 dogss intracoronary provocation with adenosine and acetylcho-
was significantly less than that of the group 1 dogs (@67 line. (13). Therefore, even in the absence of a physical
0.05 vs. 0.81* 0.07;P < 0.01), reflecting the dispropor- stenosis, a functional stenosis may be present.
tionate flow reserve unmasked by the vasodilator stressThe decreased coronary flow reserve in the infarct zone
Clinically, this would correspond to a 33% defect versusisnmediately after coronary reperfusion indicates an in-
19% defect. The flow ratio of group 2 dogs was 086 crease in the passive resistance in the reperfused vascular
0.04, a value significantly less than that observed in tied. Leukocyte plugging of the microvasculature in the
group 1 dogs that were fully reperfused (0.530.10;P < reperfused myocardium and development of intracellular
0.01). In addition, the®™Tc-N-NOET myocardial activity and interstitial edema may explain the inability of myocar-
ratio in the fully reperfused group 1 dogs (0.81) was highelial arterioles to dilate in this settind%—18). The attenu-
than that observed witlf°"Tc-sestamibi (0.72), despiteation of endothelium-dependent coronary vasodilator func-
equivalent LAD/LCx flow ratios at the time when the 2ion is also an important predictor of coronary flow reserve
tracers were injected (0.57 vs. 0.588]. The major reason after myocardial infarction 9—-21). In addition, several
why the®*"Tc-N-NOET activity ratio was higher than thatstudies have shown that coronary flow reserve is reduced
of 99MTc-sestamibi is that®Tc-N-NOET underwent early not only in the ischemic and infarct zones but also in remote
redistribution as a result of differential washout during theegions supplied by angiographically normal coronary ar-
60-min period after injection, whered¥Tc-sestamibi did teries (22—-24). Some studies showed that coronary flow
not. The quantitative in vivo imaging data from the fullyreserve in the infarcted zone was decreased significantly
reperfused dogs in both studies showed that over 60 min, giiger 2 h of reperfusion but gradually returned to near
defect count ratio (LAD/LCx) foP*Tc-N-NOET increased preocclusion baseline values within 1 wR5(26). More-
from 0.73 to 0.80, whereas wifi"Tc-sestamibi the defect over, other investigators have shown that with more pro-
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