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Primary Stenting in Acute Myocardial Infarction:
A 30-Day Follow Up Study
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Primary coronary stenting is being increasingly used in patients undergoing primary
coronary angioplasty for acute myocardial infarction. In this prospective study we
evaluated our experience of direct angioplasty in 68 patients with acute myocardial
infarction of whom 57 received intracoronary stents using high-pressure deployment
(=12 atmospheres) with adjunct aspirin and ticlopidine therapy without coumadin. All
patients underwent pre-discharge follow-up angiography. Stent implantation was success-
ful in all patients. Stent thrombosis was not seen in any patient. However, TIMI grade 3
flow was obtained in only 51 patients (89.6%) with evidence of slow flow present in
remaining six patients. Follow-up angiograms showed no stent thrombosis but five out of
the six patients (83%) with slow-flow phenomenon persisted to have slow flow. These
patients had lower left ventricular ejection fraction as compared to patients with TIMI 3
flow at follow-up angiography (27.5 =+ 10.2% vs. 42.1 = 15.2%, P < .001) and a high
mortality (two out of six) within 30 days. Primary stenting is safe and feasible in the
majority of patients with good short-term outcomes, but persistent slow-flow phenom-
enon with adverse clinical outcome is seen in a small but significant number of patients.
Cathet. Cardiovasc. Intervent. 46:4-10, 1999. © 1999 Wiley-Liss, Inc.
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INTRODUCTION also excluded if they had previously received thrombo-

Although intravenous thrombolysis is widely used as IXUC therapy during the same period.

standard therapy for patients presenting with acute myStudy Protocol
cardial infarction (AMI), primary percutaneous translumi-

nal coronary angioplasty (PTCA) is being used with g of chewable aspirin, 500 mg of oral ticlopidine, and

Increasing frequency_ in this _situation .[1_5]' Ab.rUpg]OOO-unit bolus of intravenous heparin. Patients were
closure and threatening vessel occlusion compllcatt%s

PTCA in 2—10% of patients in this setting [5,6]. Primarxé en transferred immediately to the cardiac catheteriza-

Patients were treated in the emergency room with 325

stenting in AMI has been shown to be feasible wit on laboratory, and coronary arteriography was per-

o . . -formed. lonic contrast medium (Diatrizoate-Meglumine
gratifying short-term result in recent studies [7-9]. In thig o ; o ;

. ' . —and Diatrizoate-Sodium Injection) was used in all the
report we present our experience of primary stenting In ; .
managing AMI instances. PTCA was then performed if appropriate.

Medical treatment was instituted if thrombolysis in

MATERIALS AND METHODS
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tive patients of any age with chest pairl2 hours in
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elevation in=2 contiguous leads were included. Patienfgardiology & Cardiac Electrophysiology, Batra Hospital & Medical
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shock (systolic blood pressure80 mm Hg for>30 min

not responsive to fluids) were excluded. Patients weRreceived 24 May 1998; Revision accepted 30 July 1998
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Fig. 1. Coronary angiogram in RAO view (A) before PTCA showing mid-LAD total occlusion, (B)
immediately after PTCA and stenting showing restoration of TIMI-3 flow, and (C) a predischarge
angiogram showing persistence of TIMI-3 flow with no residual stenosis.

myocardial infarction (TIMI) grade 3 flow was presenstarted on low-molecular-weight heparin (Enoxaparin
with an infarct-related artery (IRA) stenosis70% or if sodium) at a dose of 1 mg/kg subcutaneously 12 hourly
the IRA was very small. PTCA was deferred for urgerfor 72 hours. All patients were treated with oral aspirin
coronary artery bypass surgery if TIMI grade 3 flow wa$00 mg per day indefinitely and ticlopidine 250 mg twice
present in the IRA with severe three-vessel disease daily for 4 weeks.B-Adrenergic blocking agents and
other lesion characteristics unfavourable for PTCA.  angiotensin converting enzyme inhibitors were used in all
Before PTCA, additional heparin was given to achieveases unless contraindicated. Oral anticoagulants were
an activated clotting time (ACT) 0£300 seconds. PTCA not used in any patient in this study.
was then performed using the standard technique withPatients were ambulated and discharged when stable.
floppy guidewires and rapid exchange or over the wil@ general, stable low-risk patients were discharged on
balloons. After restoration of flow the lesion was assessB@spital day 3 or 4 and stable high-risk patients were
for stent deployment. Stent was deployed in all théischarged on day 5-7. A repeat coronary angiogram
instances unless the vessel wa8.75 mm in diameter. (Figs. 1-3) and left ventriculogram were performed
No lesion was excluded because of the presence Rgfore discharge in all the patients. After discharge, there
thrombus before or after PTCA. There was no predeté¥as a follow-up visit at 1 month.
mined choice of the stent, and a variety of stents wereAnterograde flow was assessed by TIMI flow grade
used depending upon the vessel characteristics, availabif2]: TIMI grade 3 flow was defined as complete
ity of the stents, and choice of the operator. Abcixima@pacification of the distal coronary bed by the third
was not used in this study. cardiac cycle.
The stents were deployed at high pressurelq - .
atmospheres). Any persistent dissection was treated W%lecal End Points
additional stents. An angiographic filling defect consis- Intraprocedural complications including abrupt clo-
tent with thrombus after stenting was treated with addsure, repeat angioplasty of the original lesion before
tional PTCA. Intracoronary thrombolysis was not used iélischarge, stent thrombosis, persistence of slow flow and
any case. Slow-flow or no-flow phenomena, if encoumeed for bypass surgery owing to renarrowing of the
tered, were treated with intracoronary nitroglycerin inje@riginal lesion, and death were considered as major
tion (200 pg) followed by intracoronary Verapamil (150-clinical events.
250 pg) if the slow flow persisted. All lesions with a_ . )
stenosis=70% either proximal or distal to the infarct-Ethical Considerations
related lesion that might represent a significant inflow or Before the start of this study, the study protocol was
outflow obstruction were subjected to balloon angiexamined and approved by the ethical committee of our
plasty and stented if the result was suboptimal. hospital. The possible risks and benefits of coronary
After the procedure, sheaths were removed when thrgioplasty and stent implantation were fully explained
ACT fell below 160 seconds. Six hours later patients wete each patient and/or his family, and written consent was
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Fig. 2. Coronary angiogram in LAO caudal view (A) before PTCA showing proximal LAD total
occlusion, (B,C) immediately after PTCA and stenting showing slow flow phenomenon in LAD.
B: Slow flow in the distal LAD at the end of third cardiac cycle. C: The distal LAD fills only at the

end of fifth cardiac cycle.

Fig. 3. Predischarge coronary angiogram of the same patient as in Figure 2 showing
persistence of slow-flow phenomenon in LAD. (A): Slow flow in distal LAD at the end of third
cardiac cycle. B: The distal LAD fills only during fourth cardiac cycle.

obtained before the patients were sent to the cardie@mmercially available package (Starview 4.5, Abacus
catheterization laboratory for emergent catheterization.concepts, Sunnyvale, CA).
Data were expressed as the mean valigD. Compari-
sons of continuous and categorical variables were calcu-
Vessel diameter was measured using the automatetéd by the Student t-test and Fischer exact test, respec-
edge-detection method which is a part of the Philigssely.
digital angiography system (Integris-3000). Calibration
was done using a 7F or 8F guiding catheter before d)ﬁ%SULTS
filing. The measurements of the lesion diameter were
made during diastole using the image in a single “worst Between January 1997 and April 1998, primary PTCA
view.” Measurement of the reference vessel diameter wass performed in 68 consecutive patients with an AMI
made at the proximal part of the vessel nearest to theeeting the enrollment criteria. After initial PTCA,
initial occlusion. Data were entered into a computerizestenting was attempted in 57 patients (84%). The reasons
data base, and statistical analysis was performed witlioa not stenting the remaining 11 patients were vessel size

Measurements and Statistics
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Fig. 4. Bar diagram showing types and numbers of various stents used.

TABLE I. Baseline Clinical and Angiographic Features TABLE Il. Angiographic Characteristics of Patients ~ *
in 68 Patients *

Stent: PTCA only:

Stent PTCA only n=>57(%) n=11(%) Pvalue
n=57(%) n=11(%) Pvalue \, of giseased vessel
Age (years) 57+ 13 56+ 12 .89 One 35 (62) 3(27) .006
Males 45 (79) 8 (73) .48 Two 15 (26) 3(27) .85
Diabetes mellitus 12 (21) 3(27) .76 Three 7(12) 5 (46) .02
Hypertension 26 (46) 5 (45) .92 Infarct-related artery distribution
Current cigarette smoking 21 (37) 4 (36) .95 LMCA 0 1(9) 91
Prior Ml 9 (16) 2 (18) .83 LAD 34 (59.6) 4 (36.3) .005
Prior stroke 2 (3.5) 1(9) .59 LCX 8 (14) 2(18.1) 42
ECG infarct location RCA 15 (26.3) 4(36.3) .38
Anterior 34 (60) 5 (46) .19  Infarct-related artery lesion location
Inferior 18 (32) 4 (36) .55 Proximal vessel 31 (54.3) 4 (36.3) .01
Posterior 3(5) 1(9) .62 Mid-vessel 23 (40.3) 4 (36.3) .28
Lateral 2(3) 1(9) .59 Distal vessel 3(5.2) 3(27.2) <.0001
Admission Killip class>ll 14 (25) 2(18) .61 Ref. segment diameter (mm) 3.210.48 2.42+ 0.68 <.0001
Symptom onset to ER arrival (min.) 165178 172+ 168 .83 Lesion MLD (mm) 0.25+ 0.42 0.31* 0.58 .15
*MI, myocardial infarction; ER, emergency room. Lesion DS (%) 91.5-18.2 86.0-205 .07
LVEF (%) 42+ 16 49+ 12 .006

*Abbreviation: LAD = left anterior descending; LCX= left circumflex
=2.5mmin five (46%), heavy calcification in two (18%) artery; !_MCA = left m_ain coronary artery; RC/QF. right coror_]ary artery;
diffuse distal disease in two (18%), and planned pl’E—S: diameter stenosis; LVEF left ventricular ejection fraction.
discharge elective CABG in two (18%) patients.

The baseline demographic, admission, and angite different types of stents used. Among the stent group
graphic features of patients in whom stenting was or wastients a mean#(SD) of 1.3+ 0.5 stents (range 1-3)
not attempted appear in Tables | and Il. The lesions whigbere implanted per patient. The mean stent diameter was
were not attempted for stenting were located mof3 =+ 0.5 mm (Median 3.4), and 152 2.3 atmospheres
distally and had smaller reference diameters. In additiopressure was used. Long stents20 mm length) were
stenting was performed more often for single-vessated in 15 patients (26.3%), and the mean length of the
disease as compared to PTCA. stent in this group was 26 5.2 mms. By quantitative

coronary analysis the final measured mean balloon artery
Stent Deployment ratio was 1.08+ 0.14.

Stents were successfully delivered to the lesion site andThe angiographic measurements and the TIMI flows
deployed successfully in all the patients. Figure 4 showse depicted in Table Ill. The mean post-procedural
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TABLE lll. TIMI Flows and Quantitative Coronary Angiographic

(QCA) Measurements *

TABLE V. Comparative Clinical Outcomes Based on TIMI Flow
at Discharge in Patients With Primary Stenting

Stent: n= 57 (%) PTCA: n= 11 (%) TIMI-3: TIMI-2:
Initial TIMI flow grade n=52(%) n=5() PVvalue
0/1 46 (80.7) 9(81.8) Mean hospital stay (days) 482.1 7.1+ 3.4 <.01
2 8 (14) 2(18.2) LVEF (%) at discharge 4% 152 275x10.2 <.001
3 3(5.3) 0 Death 1(1.9) 2 (40) <.001
Final TIMI flow grade Repeat PTCA/ICABG None None
0/1 — — Symptomatic at 30 daysNYHA
2 6 (10.5) 1(9) class Il 2(3.8) 2 (40) <.001
3 51 (89.5) 10 (91) Readmission for
QCA measurements Heart failure None 1(20)
Ref. segment 3.2+ 0.48 2.42+ 0.68 Angina None None
Initial MLD (mm) 0.25+ 0.42 0.31+ 0.58
Final MLD (mm) 2.81+ 0.54 1.78+ 0.58
Initial % DS 91.5*+ 18.2 86.6+ 20.5
Final % DS 14+ 17 35+ 18 angiography died suddenly a few hours before planned

*Ref. Segment, reference segment; MLD, minimum lumen diameter; DEischarge, presumably owing to a malignant arrhythmia.

diameter stenosis.

TABLE IV. Predi schage Angiography QCA Parameters and

TIMI-Grade Flow

Symptom onset to emergency room arrival time in
patients with persistent slow flow was not different from
that in the remaining patients with TIMI-3 flow
(151+ 161 vs. 171+ 180 min,P = ns). Only one pa-

Stent: n= 57 PTCA:n=11 tient with persistent slow flow had received a long stent.
Days after AMI onset 5.7 3.2 6.2+ 2.9 The mean hospital stay was 48 2.1 days among
Ref. vessel diameter 34 0.46 241+ 056  patients with TIMI-3 flow vs. 7.1+ 3.4 days in patients
MLD (mm) 2.75+0.52 1.36%0.59  with persistent slow flow.
?;;Tg/tfr stenosis % 35 14 4‘éi 19 Three patients in the PTCA-only group were sent for
TIMI 2 5 0 surgery (one emergent because of a dissection extending
TIMI 3 52 11 to left main; this patients also had three-vessel disease).

The other two patients underwent elective CABG be-
cause of additional disease in other vessels.
At 30 days follow-up, 54 of the stented group were

residual stenosis in the stent group was=417% vs.
35+ 18% in the PTCA only group. Thus, a TIMI grade 3alive. Thirty-eight (71%) patients were asymptomatic, 12
flow was obtained in 90% patients in this group of22%) patients were symptomatic with dyspnoea on
patients. exertion NYHA class II, and four (7%) patients had
NYHA class Ill dyspnea on exertion. Two out of these
four patients with NYHA class Ill dyspnea were those
One-month follow-up data was complete for 67 pawith persistent slow flow at discharge. One of them
tients. Repeat pre-discharge angiography was perfornreduired repeat admission for management of heart
in all patients as a part of the protocol (Figs. 1-3; Tabfailure. None of the patients complained of angina on
V). Among the stent group, stent occlusion was not seexertion.
in any patient. However, persistent slow flow (TIMI
grade 2) was documenteq in five of the six patients Bscussion
whom slow flow had persisted after successful stenting.
The clinical outcomes of these five patients with persis- The present study reaffirms that a primary stent strat-
tent slow flow as compared to those with TIMI 3 flow aregy for the management of AMI is safe and feasible in a
shown in Table V. Of the five patients with persistent slovarge majority of patients undergoing direct or primary
flow at pre-discharge angiographic study, four patientsechanical revascularization. The routine use of high-
had required intra-aortic balloon pump support witpressure stent deployment and concomitant peri-proce-
inotropes for more than 72 hours and had a significanitiural medication consisting of aspirin, ticlopidine, and
lower left ventricular ejection fraction at discharge a®w-molecular-weight heparin for 72 hours makes acute
compared to the patients with TIMI-3 grade flowstent occlusion a rare phenomenon. Conventional guide-
(27.5*+ 10.2% vs. 42+ 15.2; P < .001). Two of these lines consider thrombus-containing lesions, as is the case
five patients died within 1 month of their primary stentingn AMI, a contraindication for stenting. However, there
as a result of progressive low output state. One additiorak now sufficient data to suggest that optimally deployed
patient who had TIMI-3 flow at repeat in hospitaktents in a thrombogenic milieu and in the presence of

Clinical Outcomes
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angiographically demonstrable thrombus have a very ladischarge angiograms done in all the patients in this study
rate of acute and subacute occlusion [11,12]. Sevesflowed that in 83% of these patients, the slow flow seen
possible explanations may underlie the apparent safetyadfthe end of the procedure persisted distal to the fully
stenting in an obvious thrombotic environment. Aftepatent stent. These patients had an unfavorable outcome
primary PTCA for AMI the presence of dissection and during the follow-up with lower LVEF and higher
residual stenosis>30% have been shown to be majomortality due to pump failure. Such an outcome is
predictors of recurrent ischemia and infarct-related arteexpected on the basis of GUSTO study findings, where
acute or subacute reocclusion [2-5]; both of these limitéailure to resume TIMI-3 flow soon after revasculariza-
tions of plain balloon angioplasty are routinely overcom@#on was found to be associated with a poorer clinical
by stenting. The establishment by the stent of a widritcome [21].
lumen channel with no recoil as seen in the pre-dischargeThe mechanism of slow-flow phenomenon is not
angiograms with brisk antegrade flow in the majority oflearly understood, although the postulated mechanisms
patients may facilitate natural clot resolution by endogdnclude distal microembolization and microvascular spasm
enous fibrinolysis with aspirin, ticlopidine, and heparin. [24—-26]. In all our cases, the slow flow could not be

The favorable outcomes of primary coronary plaigliminated despite using intracoronary nitroglycerine and
balloon angioplasty is also reduced by restenosis, whigarapamil. Pretreatment by abciximab or other platelet
occurs in 31-45% of patients [13,14] as in the case gfycoprotein llib/llla inhibitors could possibly have
balloon angioplasty for chronic stable angina pectoris. ¢hanged the outcome favorably [27-29]. Abciximab has
has been reported that intracoronary stent implantatialso been recently reported to improve the outcome after
reduces the restenosis rate in denovo coronary artégronary stenting [30]. There are no previous reports in
lesions [15,16]. These beneficial effects of stenting hawhich persistence of slow flow for several days has been
also been demonstrated in patients with AMI [8], thougteported.
not in a prospective randomized study.

Intracoronary ultrasound, which is recommended to
confirm the full expansion of the stent [17], was not us€dONCLUSIONS

in this study. However, high-pressure deploymerit2 oy findings suggest that coronary stenting constitutes
atmospheres was used in all the instances (useall# 5 safe and effective strategy for managing patients with
atmospheres), irrespective of the design of the stent. Thig1 with good short-term results in the majority of
study also shows that choice of the stent is not &ses. This is especially important since recent data have
important issue as long as the stent can be successfimonstrated that thrombus-containing lesions, espe-
deployed at the target site in patients undergoing primagja|ly in the AMI setting, not only have a lower initial
stenting for AMI. This has also been shown in severajccess rate after plain balloon angioplasty but also have
equivalancy studies performed in matched patients popignificantly higher recurrent ischemic events. However,
lations [18—20] though not in a setting of AMI. Howevergne of the problems encountered with primary stenting
the previously reported studies of primary stenting iyas the phenomenon of persistent slow flow in a signifi-
AMI have used the Palmaz-Schatz stent in most instanggmt number of patients. These patients had an adverse

[8,9]. Brisk TIMI-3 flow immediately after coronary gutcome. Optimal treatment strategy to minimize this
intervention in AMI is the desired result to minimize theyroplem needs to be defined.

effects of ischemic insult on myocardium [21]. The
pre-discharge angiograms in the stent group show no
loss in MLD, indicating no recoil as compared to th&REFERENCES
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