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STEVEN L. GOLDBERG, MD,* ANTONIO COLOMBO, MD, FACC,t SI-IIGERU NAKAMURA, 

YARON ALMAGOR, MD,? LUIGI MAIELLO, MD,? JONATHAN M. TOBIS, 

to evaluate the changes in 

the deptay~~t of balloon- 
mas&bats stents in earmary srtertos and saphe- 

Intravascular ultrasound provides more islonna- 
in the bnagin~ of intravascular structures. 

e shown that obtabdng a 1 

II ohtained by intravascular ultra- 
can be used to obtain a pter acute gain in lumen 

dbneasioos. 
h&h& Forty coosecutive patients undergoing Palmaz-Scbstz 

rasound imaging per- 
nce was obtained. If the 

stent did not appear adequately expanded hy intravascular ultra- 
.sound, or if the struts were poorly apposed to the arterial wall, 

Intracoronary plucemcnt of metallic stcnts has hcen used to 
improve the results of halloon angioplasty and to salvage acute 
or threatened occlusions from large dissections (l-3). E&i- 
mates of the arterial angiographic dimensions are used during 
the procedure to choose the size of the balloon and to 
determine that the stent is successfully deployed. Other studies 
(5-12) have described observations with intravascular ultra- 
sound before and after stent insertion but have not demon- 
strated how the information obtained could be clinically useful. 
In our institution, 40 patients had intravascular ultrasound 
imaging performed after standard angiographic guidance of 
intracoronary stent insertions to determine whether adequate 
placement of the stent had been achieved or to direct further 
therapy if the results were not satisfactory. This report docu- 
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k 
in 
in 

stent dilation tit 

were eoapared from the initial to the final i~t~vas~~tar ultra- 
sound studies. 

Rest&s. UM the , only 5 (13%) had am 
adequate result by i nd despite an acceptable 
angiograpbic appearance in all patients. Six additional patients 
did noU undergo subsequent intravascular ult~soMnd imaging. 
The other 29 patients all demonstrated a signiftcant increase in 
intrastent minimal diameter (mean 1 1, mqjor diameter (ll%) 
and crass=sectioaal area (34%) (p < 0.001 for all mea 

Conelush. The use of int~v~sc~lar utt~soM~d 
the deployment of balloon-ex ndab~e ~atmaz-§cb~tz 
to a significant increase in introstent dimensions (greater “acute 
gaW). 

(J Am Cd Cadiol1994;24:996-1003) 

mcnts how therapy was significantly altered by the results of 
intravascular ultrasound imaging in guiding the placement 
of intracoronary stents and provides a retrospective analysis of 
angiographic and ultrasound dimensions. 

Forty patients underwent Palmaz-Schatz stent implantation 
using previously described techniques {3,4). After the stent was 
in place, a balloon a.5 mm greater than the estimated lumen 
diameter of the angiographically normal-appearing segment 
was used. When the angiogram demonstrated successful de- 
ployment of the stent, the procedure was considered complete; 
only then was intravascular ultrasound imaging performed. 
The coronary artery was imaged with a 25MHz, 3.9F catheter 
(Interpret System, InterTherapylCVIS, Inc.). This system uses 
a protective monorail sheath with a manual pullback rotating 
drive shaft (13,14). The imaging probe was positioned distal to 
the stent and pulled back manually through the stented 
segment, as previously described (15). 

The lumen minimal and major diameters and cross- 
sectional area were measured from the intravascular ultra- 
sound images during the procedure (16). Lumen and vessel 
diameters were also measured immediately proximal and distal 

0735-1097/94/%7.00 
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to the stented segments. Vessel 

sures rather than 
with a larger balloon. To avoid ~~flating t alloon outside the 
stented segment of the vessel, a short IO-mm long balloon 
(Short Speedy, Schneider Europe, Zurich, Swit 
used for the final dilation whenever possible. 

optimal stcnt deployment were as follows: i) The stem was 
~o~~~~etely expanded, and there was no free space between the 
stent struts and the intimal surface; 2) the stent was uniformly 
expanded with the ratio of the m iamettr divided by the 
major diameter >0.8; and 3) an at was made to ~~a~irnize 
the intrastent llamen cross-sectional area to approximate that 
of the reference artery lumen. 

If the initial intravascular ultrasound image demonstrated 
optimal stent deployment, the procedure was terminated. In 
this report, the results are presented for the measurements 
made after the first (when “angiographic success” was at- 
taincd) and final (after all dilations were ~erfor~ned~ intra- 
vascular ultrasound procedures. 

Angiographic measurements were made retrospectively by 
an observer in blinded manner using hand calipers and the 
guiding catheter as a reference. The view with the tightest 
stenosis was selected for measurements. The closest proximal 
normal-appearing segment was used as the reference lumen. 

Intravascular ultrasound measurements were performed 
during the procedure from videotape using previously de- 
scribed techniques (14). The stented segment of the vessel with 
the smallest intrastent diameter on the initial ultrasound 
examination was selected for measurement. The cursor was 
placed at the midaspect of the brightly reflective echoes of the 
stent, and the minimal and major diameters were measured. 
The major diameter was defined as the diameter perpendicular 
to the minimal diameter. Intrastent cross-sectional area mea- 
surements were performed using a trackball to trace over the 
stent. Vessel measurements were performed by placing the 
cursor at the distal border of the echolucent ring of the media. 
Where the media was in part obscured by shadowing from 
calcified plaque or stent echoes, or both, the closest adjacent 
segment of visible media proximal and distal to stented seg- 
ments was identified on the videotape and used as a reference 

(17). 
When repeat intravascular ultrasound images were per- 

formed after further interventions, care was taken to identify 
the same location in the stented segment of the vessel for 
measurements. This was achieved by identifying unique reflec- 
tive structures in the plaque, such as the position of calcified 

identical point was selected for each intravascular ultrasound 
measurement, this approach ensures that differences in dimen- 
sions will tend to be ~~~er~l~rnated rather than exaggerated. 

istics. The data are expressed as mean value t SD. 
The values for each variable were analyzed by a two-tailed, 
paired Student 1 test and by repeated-measures analysis of 
variance with posttest c t when snore than two measure- 
ments were performed. rences were considered statisti- 
cally significant at p < Comparison among groups was 

analysis of variance for repeated measures, 
airwise comparisons using lcast significant 

Forty patients received Palmaz-Schatz stents during a 
3month period (37 men, 3 women; mean [-I-SD] age 57.5 -+ 
9.4 years). The indications for stent insertion were elective in 
36 patients (90%) and emergent in 4 patients (10%). The 
distribution of vessels treated was left anterior descending 
coronary artery in 21 patients (53%), left circumflex coronary 
artery in 9 (22%), right coronary artery in 8 (20%) aad a 
saphenous vein graft in 2 (5)%. 

In addition to the standard-length (15 mm) Palmaz-Schatz 
slents, the short (7 mm), hemiarticulated version of the 
Palmaz-Schatz stent, as well as IO-mm biliary and renal Palmaz 
stents, were used (18). Twelve (30%) patients bad a single 
stent implanted, and 28 (70%) received multiple stents. 

xclosions. Twenty-nine of the 40 patients underwent fur- 
ther balloon dilation with subsequent ultrasound examinations. 
Of the 11 patients who did not have a second intravascular 
ultrasound study, 5 (13%) were considered to have an ade- 
quate result on the first ultrasound examination, and no 
further intementions were performed. In two patients, diffi- 
culty in passing the ultrasound catheter prevented rep&at 
imaging. In an additional two patients, early in the experience 
the operator elected not to repeat the ultrasound examination 
because of time constraints. Two patients underwent surgery 
and did not have a second ultrasound study. One of these 
patients had elective surgery after the initial ultrasound 
showed a very small lumen and attempts at further dilations 
were unsuccessful. One patient developed vessel rupture re- 
quiring immediate operation and is described in more detail 
later. 

Findings. In all patients, stents were successfully delivered 
and deployed at the stenosis site, with significant an%iographic 
improvement. Table 1 shows the angiographic results. By 
angiography, the average lumen diameter before angioplasty 
was 0.9 2 0.5 mm. The stented lesion diameter with angio- 
graphic guidance was 3.15 + 0.33. This increased significantly 
to 3.7 + 0.4 mm with ultrasound guidance (p < 0.001 for 
repeated-measures analysis of variance as well as between the 
dimensions after angiographic vs. ultrasound guidance). 
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Table 1. Angiographic Measurements 

AItgiugKiphii Ivus 
Prediiation Guidance* Guidancet 

(mean t SD) (mean + SD) (mean + SD) 

MLD (mm) 0.90 c 050 3.15 + 0.33 3.70 ‘c 0.40 

SleRosls (SJ) 742 12 at7 -6Z14 

Reference lumen 3.50 It 0.30 

diameter (mm) 

*Measurements made at rhe first intravscular ultrasound (IVUS) proce- 

dure. tFinai measurements. p < 0.001 between :neasurements, as an@zed by 

repeated-nnwum anaiysis uf variartce; posttest paimise comparisons revealed 

this level of sipilicunce for all compwisuns. MLD = minimal lumen diameter. 

The ang@raphic percent diameter stenosis at baseline was 
74 s 12%. After the initial stent deployment with an apparent 
successful angiographic result, the mean percent stenosis was 
8 E?Z 7%; after further balloon diMion based on intravascular 
ultrasouud guidance, the residual diameter at the treated site 
was larger than the reference diameter, with a negative “re- 
si;lual stenosis” of -6 k 14%. The average balloon size with 
angiographic guidance was 3.76 t 0.32 mm, which increased to 

4.21 I 0.44 mm when ultrasound guidance was used (p < 
0.001). 

Mavascular ultrasound measurements of the tightest sec- 
tion through the stented segment are shown in Table 2. The 
ultrasound minimal lumen diameter inside the stent was 
2.76 2 0.49 mm after angiographic guidance. After further 
dilations based on ultrasound imaging, the mean minimal 
lumen diameter was 3.25 ‘c 0.48 mm by intravascular ultra- 
sound, a 19% increase compared with the initial measurement 
(p C 0.0001). The major lumen diameter increased from 
3.30 -C 0.46 to 3.6b 2 0.47 mm (p < 0.001). The ratio of the 
minimal lumen dinmeter divided by the major diameter was 
0.84 after the initial dilation and increased to 0.89 after the 
Anal treatments (p = NS). The minimal lumen cross-sectional 
nrea, measured by intravascular ultrasound, increased 34% to 
9.31 2 2.49 mm’ after the final balloon dilation from 7.36 5 
1.51 mm* at the time of the first ultrasound image (p e 0.001). 

The following cxwmples demonstrate how this method was 
used in specific situations. The associated angiographic and 
ultrasound images illustrate how a stented segment of vessel 
can appear fully expanded by angiography but not by intravas- 
cular ultrasound imaging. 

Tabk 2. Intravascular Ultrasound Mtxsurcmen&s 

Initial Finrl 

(mean t SD) Imeun 2 SD) lncrea.se 

IntrWrnt minimal 2.x t 0.s 3.3 t 0.5 19% 
diibr (mm) 

Intrastent major 3.3 2 0.5 3.1 2 0.5 II% 
diameter (mm) 

Inlrastent area (mm’) 7.4 t 1.5 9.3 t 2.5 ‘I% 

Muon size (mm) 3.8 r 0.3 4.2 2 0.4 12% 

p < 0.001 between initial and final measurements for all categories. 

Representative examples. Patient 1. A 56-year old man 

with stable angina pectoris after a myocardial infarction had an 
ostial stenosis of the left anterior descending coronary artery 
(Fig. 1A). A Palmaz-Schatz stent was delivered over a 2.5.mm 
balloon with an adequate angiographic result. Intravascular 
ultrasound demonstrated an intrastent diameter of 2.5 mm; 
however, the vessel diameter (media to media) was measured 
at 4.0 mm (Fig. 1B). Further inflations were performed with 
3.0- and 3.5-mm balloons, and the angiographic result ap 
peared excellent. However, intravascular ultrasound continued 
to demonstrate a stent that was not fully expanded to the 
arterial wall (Fig. IB). After a 4.0-mm balloon was used, no 
change in the an~iogra~h~~ a~~arn~~e or measurement could 
be appreciated; however, ultra~und identified an intrastent 
diameter of 4.0 mm with the stent fnlIy amassed to t 
wall. The intrastent lumen area increased from 5.3 mm’ after 
the initial 2.5-mm balloon to IO.6 mm’ after the 4.0-mm 
balloon. This represents a 100% increase in cross-sectional 

area. 
Patient 2. A 53-year old man presented with angina after a 

myocardial infarction, and coronary angiography revcalcd sin- 
gle-vessel disease with a subtotal occlusion of the mid-right 
coronary artery. Balloon angioplasty was performed with a 
4.0-mm balloon, but the result was inadequate on both angiog- 
raphy and intravascular ultrasound imaging. Stent implanta- 
tion was performed with three short stents with increasing 
balloon sizes up to 4.0 mm (Fig. 2A). Intravascular ultrasound 
revealed a portion of the distal stent that was partially com- 
pressed by plaque, preventing complete stent expansion (Fig. 
2B). The reference vessel diameter was measured at 4.8 mm. 
On the basis of this ultrasound appearance, a 4.5-mm balloon 
was used to expand the slent further. Repeat ultrasound 
imaging did not demonstrate a significant change, so a S.O-mm 
balloon was WC!. Intravascular ultrasound now showed an 
increase in stent dimensions with evidence of full expansion. 
Because short balloons in the 4,5- and 5.0-mm size were not 
available, a standard 20-mm length balloon was used, which led 
to dilation of the nonsegmented proximal segment of the 
artery. Angiography demonstrated a dissection and intramural 
hematoma proximal to the stent (Fig. 2A). Follow-up angiog 
raphy the next day demonstrated resolution of the dissection 
with no change in the lumen dimensions. 

Patht 3, A SO-year old man with unstable angina and 
stenosis in the proximal left anterior descending coronary 
artery underwent stent insertion, which was expanded with a 
4.0-mm balloon (Fig. 3A). Intravascular ultrasound showed 
suboptimal intrastent dimensions of 3.3 X 2.7 mm (Fig. 38). 
The reference vessel measured 4.7 X 4.1 mm. A 4.5mm 
balloon was inflated to 6 atm without signifkant improvement 
in the intrastent dimensions. Because the vessel diameter 
measurements by ultrasound were close to 4.5 mm, use of a 
larger balloon was not attempted. Instead, repeat inflations 
were performed with a 4.5-mm balloon, but at a higher 
pressure of 12 atm. This resulted in an improved ultrasound 
appearance with intrastent diameters of 3.9 x 3.9 mm and a 
66% increase in area from 6.2 to 10.3 mm’. 
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2.6 mm x 2.5 mm 

3.6 mm x 3.1 mm 53 

3.0 mm x 3.0 mm 

Figure 1. Angiograms and intravascular ultrasound images of ostial left 
anterior descending coronary artery from Patient 1. A, Angiograms before 
(Baseline) and after placement of the stent and dilation with 2.5-, 3.0-, 3.5- 
and 4.0.mm balloons. Arnnv identifies the lesion. 
sound appearance after each balloon size. V = vcssol diameter. 

P&W 4. A 62”year old man presented with unstable 
angina 5 years after coronary artery bypass surgery. EtaNoon 
angioplasty was performed for a stenosis in the left anterior 
descending coronary artery immediately distal to the anasta- 
mosis of a saphenous vein graft. The angiographic results after 
balloon angioplasty were suboptima!, and a stent was inserted 
and dilated with a 3.0-mm balloon. Angiographically, the result 
appeared adequate (Fig. 4A). However, intravascular ultra- 

demonstrated a lumen diameter of 1.5 mm, with com- 
rt segment of the stem by a dense fibrous 

The reference vessel distal to rhc stcnt 
measured 1.5 mm in diameter. Despite this small measurement 
of the vessel (media to media) diameter, a M-mm followed by 
a 4.0~mm balloon was inflated because of the inadequate 
lumen diameter. The proximal aspect of the balloon was 
carefully placed inside the larger sapbenous vein graft. Slight 
indentation of the balloons was noted when they were inflated 
(Fig. 4C). After ths 4.Cmm balloon dilation, there was angio- 
graphic evidence for vessel rupture with contrast extravasation 
into the pericardium (Fig. 4C). Emergency pericardiocentesis 
was attempted, and the patient underwent emergency coronary 
artery bypass graft surgery. Although hemodynamic function 
was preserved, bc succumbed to incessant ventricular arrhyth- 
lllhS iIftCr SUlpXy. 

The observations from this study demonstrate that intravas- 
cular ultrasound imaging provides more information than is 

obtained by angiography for assessing intrastent dimensions 
along the segment of artery where a stent is used. This study 
indicates that relative obstruction within the stent may be more 
prevalent than is appreciated with standard angiography. 
These intrastcnt stenotic areas may not only predispose to 
subacute thrombosis but also provide a reduced initial gain, 
which may influence the restenosis rate. Although it remains to 
be proved that full stent expansion using ultrasound criteria is 
less prone to subacute closure or restenosis, data from Kuntz 

et al. (19,20) suggest that larger increases in ilCUtC gain for an 
intervention based on angiographic results arc associated with 
lower rates of restcnosis. Their studies showed that rcstcnosis 
after coronary interventions varied directly with the lumen 
diameter at the end of the procedure, although others (21) 
have challenged this concept. Also, data from several centers 
(22-27) suggest that the risk of subacute thrombosis is in- 
creased when smaller final lumen sizes are achieved. 

In our series of 40 patients, only 5 (13%) had adequate 
expansion of the stent by ultrasound imaging despite an 
acceptable angiographic appearance in all of them. On the: 
basis of these findings, 29 of the patients underwent at least 
one more balloon dilation and repeat intravascular ultrasound. 
This resulted in an average 19% increase in minimal intrastent 
diameter and a 34% increase in intrastent cross-sectional arca, 
which were both statistically significant. Because a small in- 
crease in the radius of the vessel will lead to a sizable increase 
in flow, as described by Poisseuille’s law, the !arger vessel 
dimensions resulting from further expansion will substantially 
improve flow through the vessel (28). Our hypotheses are that 
larger lumens achieved with ultrasound guidance will minimize 
the likelihood of subacute thrombosis and that the improve- 
ment in acute gain will lower the rate of restenosis after stent 
insertion. Large randomized clinical outcome trials will be 
required to demonstrate whether these hypotheses are valid. 
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)Kuynlcnll illIU ln11~uu11 01 4 4.5’ 

and %-mm balloon. w points 

hdfquate stat expansion. Inadcquatc stcnt expansion 
may be caused by a balloon that is too small for the artcry or 
by compression of the stent by plaque. The example of Patient 
1 illustrates how the angiogram provides less accurate cstima- 
tions of vessel size than intravascular ultrasound, which may 
lead to an inappropriate choice of balloon size and insuticicnt 
stent expansion. A common reason for inadoquatc stent cx- 
pansion as demonstrated by intravascular ultrusound was a 
smaller cross-sectional area than expected based on the initial 
balloon size used. The average balloun size before intravascu- 
lar ultrasound imaging was 3.76 t 0.36 mm, which has an 
exPected lumen cross-sectional area of 11.3 mm’. This is a 
larger balloon than that used in other published studies on 
slcnt deployment (29,30). The average lumen cross-sectional 
area by intravascular ultrasound after the initial imaging was 
7.4 mm’, which represents only 65% of the expected lumen 
cross-sectional area if full balloon expansion has occurred. It is 
not clear whether this is a result of inadequate balioon 
expansion within the stent because of resistance from plaque 
or whether what appears on angiography to be complete 
balloon inflation is followed by elastic recoil despite the 
prbwnce of the stent. 

mdric stent expansion. An unexpected observation 
from ultrasound imaging was that balloon intlation did not 
produce a uniform expansion of the stent. The ratio of the 
minor lumen to the major lumen diameter was 0.84 even after 
maximal balloon inflation. Fibrocalcific plaque may be a cause 
of inadequate stent expansion, as suggested by the examples of 
Patients 2 and 3. Fracture of the plaque may be attempted in 
these cases by oversizing the balloon or using a higher inflation 

pressure. A larger balloon provides greater leverage for plaque 
fracture. Because the stcnt is in place, the risk of dissection is 
diminished, and a greater acute gain becomes possible. Now- 
cvcr, overdilation of adjacent nonstented segments needs to bc 
avoided to prevent dissection. Short balloons that are inflated 
only inside stented portions of vessel are very useful for this 
purpose. 

Bulloon sizing. Intravascular ultrasound also provides an 
estimation of the upper limit of acceptable balloon sizes. As 
illustrated by Pat&t 4, the use of a larger balloon than was 
appropriate for the measured diameter by intravascular ultra- 
sound led to the serious complication of vessel rupture. In 

contradistinction to this episode, the example of Patient 3 
demonstrates how optimal balloon sizing with higher inflation 
pressures was used advantageously in subsequent cases. In this 
patient, an incompletely expanded stent persisted despite 
sizing up to a larger balloon (4.5 mm). Because the reference 
vessel measured 4.1 x 4.7 mm on ultrasound, there was 
concern with using a larger balloon. Therefore, repeat inflation 
with a 4.5mm balloon was performed but at a higher pressure 
of 12 atm. This led to a marked improvement in stent 
expansion, with a 66% increase in vessel area. 

Angiugraphy versus intravascular ultrasound. We believe 
that the main reason for the discrepancy between angiographic 
assessment and intravascular ultrasound measurements is the 
insufficient information provided by a projection imaging 
technique, such as angiography. The ultrasound images fre- 
quently demonstrated that the stenotic segment within the 
stent was very short, 1 to 2 mm in length, which could be 
missed unless the angiographic projection was directly perpen- 
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3. Angiograms and intra- 
Vkl r ultrasound images of the 
left anterior descending coronary 
artery front Patient 3. A, Angie- 
@WllS bsforc steul implanti~lion 
(Ehshc), after stcnt insertion aad 
inRation of iI 4hnm hlloou and 
after i~~fliltiOl1 Of il 4.Smm billlOO~1 

ilt 6 irt!U (ATM) and il 4.S-nla1 
iltak AIYUW points lo 
9 IlltrihWCulilr UlllX- 

sound images after sknt iuscrtion 
and dilation with a 4.0-mm balloorr, 
a 4.5~mm balloon at 0 atm and a 
4.5-mm balloon at 12 iltlll. See text 
for details. CSA = cross-sectional 
area. 

Intra-stent: 3.3 Y 2.7mm 
CSA=6.2mm2 

Vessel: 4.7 x 4.1 mm 

dicular at that site of the artery. The radiographic point spread 
function and focal spot of the X-ray imaging chain may 
produce blooming of contrast in short stenoses, which could 
result in underestimation of stenosis severity in short narrowed 
sections. Imaging from within the artery is not subject to lhis 
misrepresentation (31). Although there are potential artifacts 
produced by intravascular ultrasound imaging, the quality of 
the images obtained in the majority (95%) of our patients was 
adequate to perform measurements of lumen diameters and 
cross-sectional area within the stented segments. Intravascular 
ultrasound can also provide excellent quantitative information 
on the plaque cross-sectional area, which is unavailable from 
angiographic imaging (32,33). However, once a stent is in- 
serted, the dense reflections from the metallic struts decrease 
the ability to make accnrate measurements of plaque dimen- 
sions behind the stent in many cases. 

Limitations. Although this study demonstrates significant 
improvements in intrastent dimensions when intravascular 
ultrasound is used to guide therapy, this study was not designed 

Intra-stem: 3.7 x 2.7 mm 
GSA = 7.0 mm2 C§A = 10.3 mm* 

to show an improvement in clinical outcomes based on this 
strategy. In addition, one must be cautious with this approach 
because one of the 40 patients had a severe complication that 
would not have occurred if intravascular ultrasound had not 
been performed and acted on (Patient 4). In this instance, only 
part of the information obtained from the ultrasound images 
was utilized; that is, an unacceptable minimal lumen diameter 
~2 mm. If the choice of balloon size had been limited on the 
basis of measurements of the reference vessel dimension from 
the ultrasound images, it is possible that the complication 
would not have occurred. Although this study documented 
that larger lumen dimensions may be obtained when intravas- 
cular ultrasound information is added to the stenting proce- 
dure, the small numbers and lack of randomization preclude 
drawing conclusions with regard to the clinical benefit of this 

approach. 
The criteria for adequacy of stent expansion as defined for 

this study have not been validated as clinically useful. No other 
criteria for adequate stent expansion as assessed by intravas- 
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cular ultrasound have previously been defined. Refinements in 
establishing guidelines for intravascular ultrasound evaluation 
of stent deployment are likely to develop with further studies. 

Cunclusions. This study demonstrates that information 
derived from angiogmphy is often limited in providing an 
accurate assessment with regard to vessel size, plaque calcifi- 
cation, or stent deployment. Use of vascular dimensions from 
intravascular ultrasound may assist in the optimal choice of 
balloon size. Ultrasound imaging after stent insertion is useful 
in documenting satisfactory stent expansion. Inadequate ex- 
pansion may result from suboptimal balloon size selection or 
plaque compression of the stent. This preliminary experience 
demonstrates that intravascular ultrasound is an important, 
novel method to establish proper stent placement and that 
guidance with ultrasound imaging may be superior to angiog- 
raphy alone. The results of this study are encouraging and 
suggest that it would be appropriate to perform a randomized 
clinical outcome trial to determine whether the effects of this 

Figure 4. Angiograms and intravascular ul- 
trasound images from Patient 4. A, Angio- 
gram of a saphenous vein graft and its inser- 
tion into tbc left anterior descending coronary 
artery before and after deployment of a steal 
and dilation with a 3.0-mm balloon in the 
native vessel. Arrow points to the Icsion. 
kttravasculrrr ultrasound appearance of a 
short segment of stent being compressed by 
plaque, a reference vessel immcdiatcly distal 
to the stcnt with a vessel diameter of 2.5 mm 
and a segment of stent with more complete 
expansion. Arrows point to plaque compress- 
ing the stcnt. C, 4.Wmm balloon inside the 
artery with a persistent indentation (“waist”) 
in the balloon; @car&al staining is seen 
after the final dilation. Large arrow points to 
indentation in the balloon. Small QETWS 
point to pericardial staining. 

approach with intravascular ultrasound guidance can be used 
to decrease the subacute thrombosis and restenosis rates after 
intracoronary stent implantation. 
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