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of the coronary artery wall and lumen area configuration 
after directional atherectomy: The mechanism revisited 
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Rotterdam, The Netherlands 

The purpose of the present study was to use the comple- 
mentary information of angiography, intravascular ultra- 
sound, and intracoronary angioscopy before and after di- 
rectional atherectomy to characterize the postatherectomy 
appearance of vessel wall contours and the mechanism of 
lumen enlargement. Directional coronary atherectomy aims 
at debulking rather than dilating a coronary artery lesion. 
The selective removal of the plaque may potentially mini- 
mize the vessel wall damage and lead to subsequent better 
late outcome. Whether plaque removal is the main mecha- 
nism of action has only to be assessed indirectly by angiog- 
raphy and warrants further investigation with detailed anal- 
ysis of luminal changes and vessel wall damage by ultra- 
sound and direct visualization with angioscopy. Twenty-six 
patients have been investigated by quantitative angiogra- 
phy, intravascular ultrasound, and intracoronary angios- 
copy (n = 19) before and after atherectomy. In addition, all 
retrieved specimens were microscopically examined. Ultra- 
sound imaging showed an increase in lumen area from 
1.95 ± 0.70 mm 2 to 7.86 ± 2.16 mm 2 at atherectomy. The 
achieved gain mainly resulted from plaque removal because 
plaque plus media area decreased from 18.16 ± 4.47 mm 2 to 
13.13 ± 3.10 mm 2, Vessel wall stretching (i.e,, change in ex- 
ternal elastic lamina area) accounted for only 15% of lumen 
area gain. Luminal gain was higher in noncalcified 
(6.52 ± 2.12 mm 2) lesions than in lesions containing deeply 
located calcium (5.19 ± 0.99 mm 2) and lowest in superficially 
calcified lesions (5.41 ± 2.41 mm2). Ultrasound imaging 
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identified an atherectomy byte in 85% of the cases, whereas 
angioscopy revealed such a crevice in 74%. The comple- 
mentary use of the three techniques revealed an underesti- 
mation of the presence of dissection/tear and new thrombus 
by angiography (10% and 4%) and ultrasound imaging (12% 
and 0%) compared with angioscopy (26% and 21%). The 
combined use of angiography, ultrasound, and angioscopy 
reveals that the postatherectomy luminal lining is not as 
regular and smooth as that seen by angiography. Luminal 
enlargement with atherectomy is achieved by plaque exci- 
sion rather than arterial expansion. (AM HEART J 1995; 130:217- 
27.) 

Directional coronary atherectomy has been intro- 
duced as an alternative interventional technique 
aimed at debulking rather than dispersing the pro- 
truding coronary artery plaque. 1-13 The selective re- 
moval of the plaque may potentially minimize the 
vessel wall damage by avoiding the induction of large 
dissections and promoting the restoration of a large 
regular vessel lumen. The potential mechanisms re- 
sponsible for the luminal improvement achieved by 
directional atherectomy may include (1) plaque re- 
moval, (2) vessel wall stretching, (3) creation of dis- 
sections, (4) normal vessel wall cutting, (5) plaque 
redistribution, and (6) plaque compression. Some of 
these features of directional atherectomy have been 
assessed in a limited number of angiographic and 
ultrasound studies, but a comprehensive apprecia- 
tion of all mechanisms involved in luminal gain af- 
ter atherectomy has so far not been performed. The 
introduction of intracoronary ultrasound imaging 
and coronary angioscopy in clinical practice permits 
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Table IA. Patient characteristics 

Age (yr) 57 + 9 

Male/Female 22/4 
Unstable angina 14 
Previous infarction 4 
Previous PTCA 1 
Lesion location 

LAD 17 
RCA 6 
LCX 3 

AHA/ACC classification 
Type A 3 (12%) 
Type B 21 (88%) 
Type C 0 (0%) 

PTCA, Percutaneous transluminal coronary angioplasty; LAD, left anterior 
descending coronary artery; RCA, right coronary artery; LCX, left circum- 
flex artery; AHA/ACC, American Heart Association/American College of 
Cardiology. 

Table lB. Lesion characteristics 

Angiography Ultrasound Angioscopy 

Eccentric 22 (85%) 20 (77%)* t 
Calcification 0 (0%) 14 (55%) t 
Thrombus 0 (0%) 0 (0%) 7 (37%) 

*Eccentricity index <-0.5, defined as minimal luminal diameter/maximal 
luminal diameter. 
tNo value. 

detailed analysis  of coronary a r te ry  lesion morpho- 
logic features  and vessel wall damage  in a m a n n e r  
not available wi th  angiography.  14"24 In  theory, the  
combined use of these three  imaging  techniques m a y  
provide insights into the working  action of direc- 
t ional coronary a therec tomy and m a y  identify fac- 
tors de termining acute success and late outcome. 
The purpose of this study, therefore,  is to use the 
complementa ry  information of these imaging  tech- 
niques to describe the vessel wall changes  and lumen  
area  configurat ion after  directional a therec tomy to 
elucidate the mechan i sm of a therectomy.  

METHODS 
Patients. The study group comprised 26 patients who 

underwent directional atherectomy for symptomatic na- 
tive coronary artery disease (Table IA). The 22 men and 4 
women had a mean age of 57 + 9 years. Fifty-four percent 
of the patients were treated for unstable angina according 
to the Braunwald. 2~ Four patients had a history of a my- 
ocardial infarction and one patient was treated for res- 
tenosis after a previous balloon dilatation. Sixty-five per- 
cent of the lesions were located in the left anterior 
descending coronary artery. Directional atherectomy was 
performed as previously described. 6, 7 All patients had a 
successful procedure, defined as an angiographic residual 

diameter stenosis of <50% on visual inspection. On-line 
quantitative coronary angiography (DCI Philips, Eind- 
hoven, The Netherlands) before and after the atherectomy 
was performed to optimize device selection and to assess 
the procedural result. 

Intracoronary ultrasound imaging. All  patients under- 
went ultrasound imaging before and after atherectomy. 
The ultrasound images were obtained with a 4.3F, 30 MHz 
ultrasound catheter (Cardiovascular Imaging Systems 
Inc., Sunnyvale, Calif.). The catheter was guided by 
simultaneous fluoroscopic monitoring. Ultrasound gain 
settings were adjusted for optimal visualization of the ar- 
terial wall-lumen interface in normal segments, and 
saline injections were performed to improve the delinea- 
tion of the leading-edge echo when necessary. The pullback 
procedure was started from a side branch visible with both 
ultrasound and angiography to facilitate identification of 
the same ultrasonic cross-section within the treated seg- 
ment. 

Qualitative assessment of the ultrasound images was 
performed by a consensus of three observers who used the 
integrated information acquired from a pullback maneu- 
ver 26"2s and comprised (1) plaque composition, (2) plaque 
topography, (3) the presence or absence of dissections, and 
(4) the presence or absence of an atherectomy byte. Alesion 
was judged as concentric when a thickening was circum- 
ferential along the entire vessel wall and judged as eccen- 
tric when a part of the vessel wall was disease free (Table 
IB). The following definitions were used to describe plaque 
morphologic features: soft plaques, <75% of the plaque area 
is composed of thickened intimal echoes, with echodensity 
less than the reference adventitia; fibrous plaques, <75% 
of the plaque area is composed of bright echoes, as bright 
or brighter than the reference adventitia but without 
acoustic shadowing; diffuse calcific plaques, bright echoes 
within a plaque with acoustic shadowing and occupying 
more than 180 degrees of vessel wall circumference; mixed 
plaques, a combination of different types. The following 
definition was used to assess the presence of a dissection: 
a demarcated break in the linear continuity of the plaque 
with circumferential or longitudinal involvement of the 
internal elastic membrane. An atherectomy byte was de- 
fined as a rectangular excision into the (sub)intimal layer. 
Quantitative measurements were made off-line from a 
videotape. Lumen area was defined as the area within the 
leading edge echo; external elastic membrane area, the area 
within the media-adventitia boundary; plaque plus media 
area, the difference between external elastic membrane 
area and luminal area. 27 Variability measurements, in- 
cluding interobserver variability and the correlation be- 
tween ultrasound measurements with circular phantoms 
and human coronary artery casts, have been reported pre- 
viously. 29 

Coronary angioscopy. In 19 patients the target artery 
was also evaluated by coronary angioscopy before and af- 
ter atherectomy as previously described. 19, 30, 31 Unsuit- 
able lesions for angioscopy included (1) proximal stenosis 
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location (<1.5 cm from the left main ostium) not allowing 
effective balloon inflation and (2) excessive tortuosity not 
allowing visualization of the lumen. Angioscopy was per- 
formed with a 4.5F angioscope (Baxter-Edwards, Irvine, 
Calif.). During angioscopy the distal artery was flushed 
with Ringer lactate solution injected with a flow of 30 to 40 
ml/min. To facilitate the review process, a real-time fluo- 
roscopy or cineangiography was combined with real-time 
angioscopy and ultrasound imaging by using split-screen 
videotaping. 

Angioscopic images were assessed according to the rec- 
ommendations of the European Working Group of Anglos- 
copy31: red thrombus was defined as lining or mural 
thrombus when a red, predominantly mural, nonmobile, 
superficial mass adherent to the vessel surface was ob- 
served, as protruding when a red, intimal protruding, mo- 
bile or nonmobile mass adhered to the vessel wall was seen, 
and as occlusive thrombus when a red intraluminal mass 
occluded completely the lumen. Dissections were distin- 
guished into small surface disruptions (small, very mobile 
structures that  are contiguous with the vessel wall) and 
large dissections (visible cracks or fissures on the luminal 
surface and/or large mobile or nonmobile structures that  
are contiguous with the vessel wall and of homogeneous 
appearance with the vessel wall). An atherectomy-induced 
byte was defined as deep rectangular crevices extending 
into the wall in conjunction with a mobile flap. 

Quantitative coronary angiography. Quantitative anal- 
ysis of the coronary segments was performed with the 
computer-based Coronary Angiography Analysis System, 
which has previously been described in detail. 6, 7, 32-37 In 
essence, boundaries of a selected coronary artery segment 
are detected automatically from optically magnified and 
video-digitized regions of interest (512 x 512 pixels) of a 
cine frame. The absolute diameter of the stenosis in milli- 
meters is determined by using the guiding catheter. The 
computer estimation of the original dimension of the artery 
at the site of the obstruction allows definition of interpo- 
lated reference diameter. The percentage diameter steno- 
sis is then calculated. To determine the changes in mini- 
mal cross-sectional area of the coronary artery segment 
from the density profile within the artery, videodensito- 
metric algorithm was applied. Calibration of the densito- 
metric area values is accomplished by comparing the ref- 
erence area calculated from the diameter measurements 
(assuming a circular cross-section) with the corresponding 
densitometric area value. Intracoronary isosorbide dini- 
trate (1 to 3 rag) was given before and after atherectomy. 
At follow-up catheterization the administration of intra- 
coronary nitrates was recommended before angiography. 
To standardize the method of data acquisition and data 
analysis and to ensure reproducibility of postatherectomy 
and follow-up angiograms, measures were taken as previ- 
ously described. 34-36 

Histologic analysis. The paraffin-embedded specimens 
were stained with hematoxylin-azophloxine as a routine 
stain. Von Kossa's stain was used for calcium. The defini- 

tions ofintima, media, and adventitia have been described 
previously 3s and are in accordance with the recommenda- 
tions of the American Hear t  Association Medical/Scientific 
Statement. 39 

Statistics. All values are expressed as mean -+ SD. The 
pa i r ed  Student t test was used to detect differences 
between continuous variables. Differences between cate- 
goric variables were tested with the chi-squared and 
Fisher exact tests as appropriate. Differences were consid- 
ered statistically significant where the p value was <0.05. 

RESULTS 
Lesion morphologic features. On angiography 88% 

of the  culpr i t  lesions were  considered type  B lesions 
according to the  Amer i can  H e a r t  Associa t ion/Amer-  
ican College of Cardiology classification, 85% of the  
lesions were  eccentric. None  of the  lesions were  cal- 
cified or showed angiographic  signs of  t h r o m b u s  
(discrete filling defect  su r rounded  by  con t ras t  in the  
absence  of calcifications or pe r s i s t en t  con t ras t  s ta in-  
ing in the  a r e a  of  the  stenosis).  

The  intravascular ultrasound ca the t e r  could be 
advanced  t h rough  the  s tenosis  in all 26 cases. In  18 
pa t i en t s  the  u l t r a sound  probe  was  wedged  into the  
stenosis.  Fi f ty-eight  pe rcen t  of  the  lesions was  char-  
acter ized as soft lesions wi th  m i n i m a l  calcific depo- 
sitions. One lesion was  diffusely calcified wi th  a cal- 
cific a rch  of<180 degrees  whe rea s  lesions in 10 (38%) 
pa t i en t s  exhibi ted focal calcifications e i ther  superf i-  
cially (n = 5) or deeply located (n = 5). 

Direct  v i sua l iza t ion  of the  vesse l  wal l  by  anglos- 
copy before a t h e r e c t o m y  was  pe r fo rmed  in 19 pa-  
t ients  and  showed an  i r r egu la r  lesion in 12 pa t ien ts .  
Yellow p laques  were  seen  in 14 pa t ien ts .  Red m a s s e s  
sugges t ive  of  t h r o m b u s  were  no ted  in 8 pa t i en t s  (3 
p ro t rud ing  and  5 l ining thrombi) ,  a l though  this  
f inding was  conf i rmed by  histologic eva lua t ion  in 
only 1 of  the  6 cases f rom which m a t e r i a l  was  avail-  
able for histologic evaluat ion.  No flaps or dissect ions 
were  observed.  

Procedural results. All 26 pa t i en t s  h a d  successful  
a t h e r e c t o m y  procedures  t h a t  reduced  the  res idua l  
d i a m e t e r  s tenosis  to <50%. No balloon p red i l a ta t ion  
was  per formed.  A the rec tomy  was  pe r fo rmed  wi th  a 
7F a t h e r o t o m e  in 84% of the  cases,  and  a m e a n  of 
8 + 3 cuts were  m a d e  in mul t ip le  directions. Al- 
though  all a t h e r e c t o m y  procedures  were  judged  suc- 
cessful on angiography ,  four  pa t i en t s  u n d e r w e n t  an  
adjunct ive  bal loon d i la ta t ion  to opt imize  the  final 
resul t .  No ma jo r  clinical complicat ions (i.e., death ,  
Q-wave  myocard ia l  infarct ion,  and  coronary  a r t e r y  
bypass  surgery)  were  observed.  In  one pa t i en t  a 
n o n - Q  wave  infarct ion ( m a x i m u m  crea t ine  phospho-  
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Table I I .  Quanti tat ive angiographic and ultrasonic measurements  of lesion severity and procedural result  after 
directional coronary atherectomy 

Preatherectomy Postatherectomy p Value 

Angiography 
Reference diameter (mm) 
Minimal lumen diameter (mm) 
Diameter stenosis (%) 
Minimal cross-sectional area (ram 2) 
Area stenosis (%) 

Ultrasound 
External elastic lamina area (ram 2) 
Plaque plus media area (mm 2) 
Lumen area (mm 2) 

3.52 ± 0.52 3.70 ± 0.59 NS 
1.16 ± 0.43 2.85 ± 0.62 <0.0001 

67 ± 11 23 ± 13 <0.001 
1.20 ± 0.87 6.67 _+ 2.70 <0.0001 

88 _+ 8 39 ± 20 <0.001 

20.11 ± 4.43 21.00 ± 3.91 0.02 
18.16 _+ 4.47 13.13 ± 3.10 <0.0001 

1.95 -+ 0.70 7.86 _+ 2.16 <0.0001 

Table I I I .  Ultrasonic assessment  of plaque reduction and lumen area gain achieved at atherectomy according its 
localization and histologic confirmation 

Histology 

Ultrasound Calcium No calcium Total 

Plaque reduction (mm 2) 
Subendotbelial calcium 4.13 _+ 2.11 0 4.13 + 2.11 

(n = 5) (n = 0) (n = 5) 
Base of plaque calcium 4.95 _+ 1.36 3.85 _+ 1.49 4.40 +_ 1.46 

(n = 5) (n = 5) (n = 10) 
No calcium 6.21 ± 4.75 5.62 ± 2.26 5.89 ± 3.47 

(n = 5) (n = 6) (n = 11) 
TOTAL 5.16 ± 3.16 4.88 ± 2.10 

(n = 15) (n = 11) 
Lumen area gain (ram 2) 

Subendothelial calcium 5.41 +_ 2.41 0 5.41 ± 2.41 
(n = 5) (n = 0) (n = 5) 

Base of plaque calcium 5.19 ± 0.99 5.83 ± 1.57 5.51 ± 1.28 
(n = 5) (n = 5) (n = 10) 

No calcium 6.34 ± 2.72 6.68 ± 1.66 6.52 _+ 2.12 
(n = 5) (n = 6) (n = 11) 

TOTAL 5.69 ± 2.13 6.33 _+ 1.61 
(n = 15) (n = 11) 

k i n a s e  600 U/L) occur red  as a r e s u l t  of  a g u i d i n g  

c a t h e t e r - i n d u c e d  occlusive d i s sec t ion  of t he  r i g h t  

co rona ry  o s t i u m  a f te r  a success fu l  a t h e r e c t o m y .  
D u r i n g  c o r o n a r y  angioscopy,  t he  m a j o r i t y  of t he  pa-  

t i e n t s  expe r i ence  ches t  p a i n  w i t h  c o n c o m i t a n t  elec- 
t r oca rd iog raph i c  changes ,  sugges t ive  of i s chemia .  
Af te r  ba l loon  def la t ion ,  t he se  a b n o r m a l i t i e s  s u b s i d e d  
a n d  t he  ches t  p a i n  d i s a p p e a r e d .  

Quantitative angiography (Table  II). T h e  m e a n  ves-  
sel size of th i s  p a t i e n t  p o p u l a t i o n  was  3.52 ± 0.52 
m m .  A t h e r e c t o m y  i n d u c e d  a n  i n c r e a s e  in  m i n i m a l  
l u m i n a l  d i a m e t e r  f rom 1.16 ± 0.43 m m  to 2.85 -+ 0,62 
m m  (p < 0.001). Af te r  a t h e r e c t o m y ,  t he  d i a m e t e r  
s t enos i s  a n d  a r e a  s t enos i s  we re  23% ± 13% a n d  
39% ± 20%, respec t ive ly .  C o r r e s p o n d i n g l y ,  t he  m i n -  
i m a l  l u m i n a l  c ross -sec t iona l  a r e a  as de r ived  f rom 

v i d e o d e n s i t o m e t r y  also i n c r e a s e d  f rom 1.20 ± 0.87 
m m  2 to 6.67 ± 2.70 m m  2 (p < 0.001). 

Quantitative ultrasound measurements. E x t e r n a l  
e las t ic  m e m b r a n e  a rea ,  l u m e n  a rea ,  a n d  p l a q u e  p l u s  

m e d i a  a r e a  a t  t he  n o r m a l  r e fe rence  s e g m e n t  proxi-  
m a l  to the  s t eno t i c  l e s ion  did  n o t  c h a n g e  s i gn i f i c an t l y  
d u r i n g  t he  p rocedure .  No d i f fe rence  i n  e x t e r n a l  e las-  
tic m e m b r a n e  a r e a  b e t w e e n  t he  r e fe rence  a n d  
s t eno t i c  s e g m e n t  (20.94 ± 5.39 m m  2 vs  20.11 ± 4.43 
mm2; p v a l u e  no t  s i gn i f i c a n t  INS]) w a s  found ,  i n  
o t he r  words  no  c o m p e n s a t o r y  e n l a r g e m e n t  a t  t he  si te  
of t he  s t enos i s  could be  d o c u m e n t e d .  D i r e c t i o n a l  
a t h e r e c t o m y  i n d u c e d  a s i gn i f i c a n t  i n c r e a s e  i n  l u m e n  
a r e a  f rom 1.95 ± 0.70 m m  2 to 7.86 ± 2.16 m m  2 (p < 
0.0001) a n d  a dec rease  i n  p l a q u e  p l u s  m e d i a  a r e a  
f rom 18.16 ± 4.47 m m  2 to 13.13 ± 3.10 m m  2 
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Fig. 1. Intracoronary ultrasonic images of three patients illustrate patterns of atherectomy bytes 
(arrows). A, Multiple bytes were performed in normal vessel wall opposite to atherosclerotic plaque. B, 
Single atherectomy byte next to treated lesion shows deposits of deep calcifications. C, Pattern of two 
atherectomy bytes with remaining part of calcified plaque between both bytes. Apparently, atherotome was 
unable to remove this piece of calcification. 

(p < 0.0001). The external elastic membrane area 
changed from 20.11 -+ 4.43 mm 2 to 21.00 _+ 3.91 mm 2 
(p = 0.02), which implies that  vessel wall stretching 
is responsible for only 15% of the lumen area im- 
provement achieved at directional atherectomy. The 
gain in lumen area was not dependent on lesion 
morphologic features (6.33 _+ 2.05 mm 2 vs 5.49 _+ 
1.68 mm2; p = 0.30 soft vs mixed lesions) but did dif- 
fer between calcified and noncalcified lesions; the 
change in lumen area varied with the location of cal- 
cium and was lowest in lesions that  contained 
(superficial) subendothelial calcium as compared to 
(deep) calcium at the base of the plaque (5.41 _+ 2.41 
mm 2 vs 5.51 + 2.41 mm2). Plaque reduction in cross- 
sectional lumen area was greatest in ultrasonic non- 
calcified lesions when compared with calcified le- 
sions (5.89 _+ 3.47 mm 2 vs 4.13 _+ 2.11 mm2). There 
were too few patients with three or four quadrant 
calcifications to assess the influence of the calcifica- 
tion arc on area improvement. Subsequent histologic 
examination confirmed the presence of calcium in all 
plaques containing ultrasound evidence of superfi- 
cial calcium (n = 5), whereas the presence of calcium 
was confirmed in 50% of cases with deep calcium 
(n = 10). In addition, plaque reduction and lumen 
area gain were higher in those cases with histologic 
evidence of calcium than those without calcium in 
the retrieved specimen (Table III). 

The postatherectomy lumen area configuration (Figs. 
1 through 4). Angiography after atherectomy re- 
vealed a smooth luminal lining in 19 patients, 
persistent haziness in 4, a dissection in 2, and 
thrombus in 1. Ultrasound imaging showed a regu- 
lar lumen configuration in 4 (15%) of the 26 patients, 
an irregular configuration in 15 (40%), a subintimal 

tear in 4 (15%), and a dissection in 3 (12%). The ap- 
pearance of a tear or dissection was not related and 
did not apparently contribute to lumen area gain as 
assessed by ultrasound because the gain in lumen 
area was not different in this group compared with 
patients without evidence of dissections/tears 
(5.81 _+ 2.82 mm 2 vs 5.95 _+ 1.68 mm2; p = NS). 

In 22 (85%) patients evidence ofatherectomy bytes 
resulted in a noncircular lumen area configuration. 
A cloverlike postatherectomy area configuration was 
never observed. Although the atherotome was di- 
rected toward the plaque in one patient, the atherec- 
tomy bytes were made into the nondiseased area 
next to the plaque with proven deep-tissue resection. 
In 11 patients with histologically proven deep-tissue 
resection, ultrasound imaging showed an atherec- 
tomy byte in 4 patients and a dissection in an addi- 
tional 2 patients. Coronary angioscopy revealed an 
intracoronary thrombus after atherectomy in 11 
(61%) patients. In 4 (21%) of these patients this was 
a new thrombus, whereas in the remaining 7 pa- 
tients thrombus was already observed before atherec- 
tomy. Dissections were observed in 5 (26%) patients 
and multiple or single subintimal flaps were seen in 
9 (42%) and 2 (11%) patients, respectively. In 14 
(74%) patients a crevice suggestive of an atherec- 
tomy byte was observed (Fig. 3). 

Complementary information of the three imaging tech- 
niques, Fig. 5 shows the frequency of dissections and 
thrombi detected by angiography, ultrasound, and 
angioscopy. Angiography definitely underestimates 
the incidence of dissections (10%) compared with ul- 
trasound (12%) and angioscopy (26%). The dissection 
seen on angiography was also detected by ultrasound 
and angioscopy; however, angiography detected only 
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Fig. 2. Angiographic and angioscopic observations of atherectomized stenosis in mid portion of left ante- 
rior descending coronary artery. After atherectomy, coronary artery wall had smooth contour (top left), 
whereas on-line quantitative coronary angiography shows mild residual stenosis (top right). On angioscopy, 
proximal part of artery had indeed smooth wall configuration (bottom right), however, opposed to anglo- 
graphic findings, small flap and crevice suggestive of atherectomy cut at target lesion were seen (bottom 
left). 

33% of the dissections observed by ultrasound and 
9% of the small and 0% of the big dissections noted 
by angioscopy. Although none of the big dissections 
visualized by angioscopy were demonstrated by ul- 
trasound, all of these patients had an irregular 
luminal contour on ultrasound examination. The in- 
cidence of postatherectomy thrombus detected by 
angioscopy was 58% compared to 0% and 4% by ul- 
trasound and angiography. 

Histologic evaluation. On macroscopic examination, 
the appearance of the removed specimens was vari- 
able, ranging from translucent strips of white tissue 
to yellow tissue with brown areas indicative of 
thrombus. Histopathologic information on retrieved 
tissue was available in 24 (92%) cases. Evidence of 
media or internal elastic lamina, indicating that re- 
section of deep vessel wall layers had occurred, was 
observed in 11 (46%) cases. Three of those also con- 
tained evidence of adventitia. Thrombus was identi- 
fied in 16 (67%) samples. A conclusive differentiation 
between intraplaque hemorrhage and mural throm- 

bus could not be ascertained given the fragmented 
nature of atherectomy specimens and the lack of 
spatial landmarks. Various degrees of organization 
were found in 50% of the thrombotic specimens. 
Other histologic findings included the presence of 
neointimal hyperplasia in 6 (25%) lesions. Athero- 
sclerotic plaque was found in 21 (88%) specimens, 
with 14 (54%) of them showing calcium deposits. 

DISCUSSION 

Because intracoronary ultrasound imaging and 
coronary angioscopy permit detailed analysis of cor- 
onary artery lesion morphologic features and vessel 
wall damage in a manner not available with angiog- 
raphy, the complementary information obtained with 
these three imaging techniques is of pivotal value for 
the assessment of the mechanisms of luminal im- 
provement during directional coronary atherectomy. 
The major findings of this study are threefold. First, 
the present study demonstrates that  the combined 
use of quantitative angiography, coronary ultra- 
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sound imaging, and intracoronary angioscopy may 
be applied safely in patients who underwent atherec- 
tomy for stable and unstable angina. Second, the 
main mechanism of action of atherectomy appears to 
be plaque reduction by excision rather  than vessel 
wall stretching. Although selective plaque removal 
should in theory lead to a circular vessel lumen, ul- 
trasound imaging in this series detected atherec- 
tomy bytes outside the plaque area and nonconfluent 
bytes in the plaque. Subsequent direct visualization 
by angioscopy confirmed these bytes as vessel wall 
trenches. Therefore, the postatherectomy vessel 
wall configuration is not circular or smooth as previ- 
ously demonstrated in angiographic observations. 3 
Whether this irregularity ultimately may facilitate 
the renarrowing process by allowing ingrowth ofhy- 
perplastic tissue within these areas remains to be 
assessed. Third, unlike the angiographic observa- 
tions, detailed angioscopic imaging showed evidence 
of substantial vessel wall t rauma leading to an 
irregular postatherectomy lumen configuration with 
dissections, bytes, and thrombi. 

Plaque reduction. The present study offers more 
detailed information on the mechanism of plaque re- 
duction because, unlike in other studies, all lesions 
were crossed by the ultrasound device before and af- 
ter atherectomy. Subsequently, plaque reduction 
was found to be the major determinant of the final 
luminal improvement achieved by atherectomy. 
These findings concur with those of other groups 22-24 
and clearly differ from those of balloon angioplasty 
studies. These differences in action of devices may be 
of importance when examining the long-term results 
of various interventions. The present observations 
indicate that, as a result of differences in luminal 
improvement, the renarrowing process after atherec- 
tomy may be of another nature (i.e., hyperplasia) 
than after balloon dilatation (i.e., recoil). 

Vessel wall stretching. Our observations indicate 
that  although a significant plaque reduction oc- 
curred in most cases, accounting for most of the lu- 
minal gain, vessel wall stretching was the mecha- 
nism of luminal enlargement in some individual 
cases. In the entire group, vessel wall stretching (de- 
fined as the difference in external elastic membrane 
area before and after atherectomy) was found to be 
a major contributor in the lumen area increase which 
is opposed to findings in a previous angiographic 
study. 13 However, it should be acknowledged that  
the relative contribution of vessel expansion to the 
overall enlargement in lumen might have been 
greater if adjunctive balloon dilatation had been 
performed more frequently. 

Fig. 3. Angioscopic illustration of vessel wall configura- 
tion after directional atherectomy. White arrow indicates 
site of excision, which has formed crevice into wall. Small 
flap is observed at site of residual lesion (black arrow). Re- 
sidual lesion contains yellow plaque material and has ir- 
regular surface. 

Normal wall retrieval. Disease-free wall excision, 
which is unique to directional atherectomy, indeed 
plays a role in the mechanism of lumen area en- 
largement. In the present patient population, ultra- 
sound was the only technique that  could determine 
whether the atherectomy bytes were appropriately 
targeted. Until now, this feature of directional 
atherectomy has not been highlighted, with the ex- 
ception of a case report on the death of a patient as 
a result of coronary artery rupture. 4° There are two 
possible explanations for the occurrence of inappro- 
priate directional cutting. First, device positioning 
was achieved under fluoroscopic guidance yielding a 
two-dimensional representation of the arterial ge- 
ometry. Subsequent inappropriate positioning may 
well occur and not be visualized by angiography. 
Second, device rotation during cutting may have 
happened as a result of lesion characteristics or de- 
vice under sizing or oversizing. In our series, no 
stenosis characteristics were found to be predictive of 
the occurrence of disease-free vessel wall cutting, 
and adequate device sizing was performed by using 
digital quantitative angiography to estimate vessel 
size and lesion severity. In the cases with predomi- 
nant  disease-free, wall oriented shaving, angiogra- 
phy showed a small residual stenosis after atherec- 
tomy and is thus of limited value in determining the 
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Fig. 4. Combined use of angiography, ultrasound imaging, and angioscopy in patient who underwent di- 
rectional atherectomy. Top left, Concomitant angiographic view and concentric lesion without evidence of 
thrombus. Top right, Enlarged lumen as assessed by ultrasound and orientation of atherectomy byte (ar- 
row). Bottom left, Angioscopic view of target stenosis before atherectomy with thrombus present. Bottom 
right, Angioscopy after atherectomy identified increase in lumen, protruding flap without evidence of 
thrombus (arrow). 

postprocedural lumen area geometry. Additional 
passages with the atherotome to remove the plaque 
under angiographic guidance may in these cases be 
hazardous, and our observations call for the urgent 
need of ultrasound-guided atherectomy to avoid this 
complication. 

Compression and remodeling. Whether the amount 
of plaque reduction represents tissue removal rather  
than redistribution cannot be elucidated from this 
study because three-dimensional reconstruction of 
the stenosis was not performed routinely. 

Dissections. In a previous angiographic study, Hi- 
nohara et al.41 concluded that  atherectomy resulted 
in a smooth vessel wall contour with less dissections 
than after balloon angioplasty. The present study 
offers the benefit of using the complementary infor- 
mation obtained by ultrasound and angioscopy and 
shows that  these two imaging techniques more 
accurately detect dissections and irregular wall ab- 
normalities. These findings are in agreement with 
observations of the GUIDE I trial, in which dissec- 
tions were seen in 40% by ultrasound and in 19% by 
angiography. 42 In concert with these observations, 

the combined use of two imaging modalities may 
provide further insights into the origin of dissections. 
Indeed, our study indicates that  dissections may be 
the result of the specific cutting mechanism of 
atherectomy because the dissections were located at 
the site of the atherectomy bytes as visualized by 
angioscopy. Tenaglia et al.43 demonstrated the clin- 
ical significance of these observations and found that 
patients with an adverse outcome after atherectomy 
had a significant higher incidence of dissections 
compared to patients without adverse events. In 
keeping with these findings, we performed addition 
balloon dilatation after postatherectomy ultrasound 
assessment in two patients to improve the atherec- 
tomy result, thereby avoiding the risk of adverse 
events. The absence of such events in this population 
may reflect the advantage of such ultrasound guided 
atherectomy procedures. 

Thrombus. The detection of intracoronary throm- 
bus by angiography has been hampered by the low 
resolution of the image intensifiers. Therefore it is 
understandable that  direct visualization of the coro- 
nary vessel wall by angioscopy proved to be more ac- 



Volume 130, Number 2 

American Heart Journal UT/2~I~ et al. 225 

curate to identify thrombi than angiography. 17, 44-46 
Again like dissections, the clinical significance of 
postatherectomy thrombi resides in the high acute 
event rate associated with this finding, 47 and there- 
fore the prevention or t reatment  ofpostatherectomy 
thrombi may beneficially influence short-term out- 
come and late outcome after atherectomy. In partic- 
ular, thrombi resection has been associated with less 
restenosis,48, 49 whereas residual intraluminal 
thrombus is a potential stimulus for an augmented 
proliferative vessel wall response. Although anglos- 
copy revealed postatherectomy thrombi in 33% of the 
present patients, no acute events were seen. Whether 
subsequent intervention (thrombolysis, angioplasty) 
after the detection ofthrombi results in a decrease in 
the restenosis rate remains to be determined. 

Atherectomy for calcified lesions. Although angiog- 
raphy did not detect the presence of calcium in any 
of the atherectomized lesions, 10 lesions contained 
focal deposits of calcium as demonstrated by ultra- 
sound and 14 were calcified according to histologic 
definitions. Although no statistical differences were 
detected in quantitative ultrasound measurements 
before and after directional atherectomy, a trend to- 
ward less plaque reduction and lumen area gain was 
observed in calcified lesions. More specifically, the 
localization of the calcium appears to be a determi- 
nant  of the acute procedural result of atherectomy, 
with less gain in those plaques with superficially lo- 
cated subendothelial calcium. Apparently, the cut- 
ting mechanism is less effective when the athero- 
tome has to cut through areas containing calcium. 
The combined use of intravascular ultrasound and 
histologic evaluation also provides evidence that  di- 
rectional atherectomy removes calcium. Specifically, 
all lesions that  contained superficially located spots 
of calcium had histologic evidence of calcium in their 
atherectomy specimens, whereas only 50% of the 
deeply situated calcium could be retrieved. Because 
of acoustic shadowing of the calcium, the thickness 
of the calcium spots cannot be measured and there- 
fore the amount of calcium removed cannot be deter- 
mined. These results suggest that  microcalcification 
of coronary artery lesions does not play a negative 
role when performing directional atherectomy. 

Postatherectomy lumen area configuration. Luminal 
renarrowing is a problem that  is equally as vexing 
after new interventions than after conventional bal- 
loon angioplasty. Recent publications on long-term 
results after interventions with new devices such as 
stenting and atherectomy have taught  us that  the 
acute procedural result partially determines the late 
angiographic outcome. 1, 4, 5, 7-1o However, even when 
an optimal angiographic procedural result after 

Angioscopy 
(n=16) 

 lvus 
Angiography (n=3) 

(n=l) 
Fig. 5. Venn diagram illustrates complementary infor- 
mation obtained by angiography, intracoronary ultra- 
sound imaging, and coronary angioscopy with respect to 
detection of dissections. As shown, angiography and ultra- 
sound imaging underestimate incidence of dissections as 
compared with angioscopy. 

atherectomy or stenting is obtained, restenosis re- 
mains the major limitation of these procedures. 1-11, 36 
With the clinical application of ultrasound imaging 
and angioscopy, more detailed information regard- 
ing the effect of the disruptive process of an intra- 
coronary intervention on the luminal geometry can 
be obtained. In particular, ultrasound imaging has 
been shown to be superior in detecting dissections 
than angiography, 16, is whereas angioscopy is more 
efficient in visualizing thrombus. 44-46 Subsequent 
analyses of such images may identify predictors for 
restenosis. Preliminary findings have indeed indi- 
cated that  vessel wall stretching and tearing may 
lead to an increased fibroproliferative response. 5° 
Also, disruption of the internal elastic lamina leads 
to an enhanced luminal renarrowing process in hu- 
man stented venous grafts 51 and swine-stented cor- 
onary arteries. 52-54 

Conclusions. The complementary information of 
ultrasound imaging and coronary angioscopy have 
revealed further insight into the mechanism of 
directional atherectomy. In particular, atherectomy 
yields a less circular vessel wall area configuration 
with a higher number of dissections and more resid- 
ual thrombi than are detected on angiography. These 
results suggest that  ultrasound and/or angioscopy 
may be used to guide atherectomy procedures, 
thereby identifying an adverse angiographic out- 
come that may lead to serious clinical complications. 

Limitations. This study has several limitations. 
First, although at the outset of the study it was fore- 
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seen that all patients who underwent atherectomy 
and had suitable anatomy for intracoronary anglos- 
copy would be included in this prospectively collected 
series, it was not to perform angioscopy in some pa- 
tients. Second, the size of the intravascular ultra- 
sound catheter and the guide wire artifact may have 
led to an underestimation of the number and orien- 
tation of the atherectomy bytes. Third, because a 
motorized pullback procedure with three-dimen- 
sional ultrasonic reconstruction was not routinely 
performed, the extent of compression and remodel- 
ing could not be assessed. Fourth, we recognize the 
relative small sample size of our study population, 
which precludes further subgroup analyses. How- 
ever, this pilot study does provide useful information 
on the working mechanism of atherectomy and the 
complementary information provided by the three 
imaging techniques. Finally, although the procedure 
was occasionally influenced by the ultrasonic and 
angiocopic information, it was not our intention to 
examine the impact of these imaging techniques on 
procedural outcome. 
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