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Directional atherectomy: Combining basic 
research and intervention 

Donald C. MacLeod, l\IB, ChB, 11RCP,a Marcel de Jong,b Victor A. Umans, MD,a 
Javier Esmned, MD,h Hobert-Jan VillI Suylen, r.,-ID,c Patrick W. Senuys, r\'ID, PhD,a 
and Pim J, de Feyter, MD, Phon Rotterdam, The Netherlands 

In 1985 Simpson at a1.1 first described the percuta
neous transluminal removal of atheromatous mate
rial from peripheral arteries by means of a novel 
catheter system. The technique was given the term 
"directional aiherectomy," denoting the selective 
excision of obstructive luminal atheroma to distin
guish it from surgical endarterectomy. Initial experi
ence indicated that directional atherectomycould be 
performed safely and effecti\'ely and might be an at
tractive aiternath'o to conventional balloon angia· 
plasty in certain circumstances.2. 3 Developments in 
the atherectamy catheter and the design of suitable 
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guiding calheters allowed the extension of the tech
nique to the cOHlnary arteries in 1986,4 Recently, di
rectional coronary atherectomy has undergone com
parison with coronary balloon angioplasty in a mul
ticenter prospective, randomized trial, the CAVEAT 
study, After brief discussion of the technical aspects 
and clinical use of directional atherectomy, this arti
cle will focus on the applic.1tion of atherectomy as a 
route to research, 

TECHNICAL DETAILS 

The Simpson AtheroCath (Devices for Vascular 
Intervention, Redwood City, Calif.) incorporates a 
rigid metal cylinder a short distance from the distal 
tip (Fig, I), This cylinder is windowed longitudinally 
on one side and carries an eccentric balloon on the 
other, Within the cylinder is a cup·shaped cutter that 
can travel the length of the window; the cutter is ad
vanced and retracted by a hollow drive cable, The 
most distal part. of the cylinder serW~$ as a collection 
chamber. Proximally, the drive cable connects with a 
hand-held, hllttery-operated motor that spins at 
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FIg. 1. Simpson Atherocath. Tn window of cutler hou;;ing, cutter and drive cable are visibl€'. Guide wire 
has b€'€'n withdrawn. Bur scale, 1 mm. 

Fig. 2. Directional atherectomy device deployed in right coronary artery, 450 left anl('rior oblique projec
tion. Eccentric balloon is inflated with contrast, opposing cutter housing to vessel wall. Rotating tuner is 
clearly visible (urroll'). 

±2,OOO rpm. To position the Atherocath, a conven
tional O.014·inch guide wire is passed through the 
cable lumen and manipulated across the lesion. The 
device can then be advanced. For coronary use pre
shaped, nonangled guiding catheters are first intro
duced. On retraction of the cutter, low-pressure 
inflation of the eccentric balloon holds the window 
firmly against the selected area of atherosderotic 
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plaque. ~Iat(>fial intruding into the window is then 
shaved oJfand pushed into t.hecollection chamber by 
the advancing cutter (Fig. 2). After withdrawal ofthe 
device from the patient, specimens are flushed back 
into the window from where they can be extracted 
(Fig. 3). The amount oftissue retrieved varies widely 
but from peripheral lesions approaches 100 mg in 
weight5 und from coronary lesions approximately 20 
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Fig. 3. ~11l~fOS~opic appearance of tiosue retrieved during directional coronary athercctomy. Bar sca/c, 1 
mm. 

mg.5,6 The rigidity and bulk of the cutting and col
lection system (2':5F) limits coronary use to the 
proximal and middle sections of relatively large ves
sels (2::2.5 mm); the largest de\>1ce (UF) may not be 
sufficient to allow satisfactory apposition in large pe
ripheral arteries. 

CLINICAL APPLICATIONS 

There is debate regarding the most appropriate 
niche for atherectomy in vascular intervention: sev
eral reports have focused on the therapeutic poten
tial of the technique in peripheral and coronary ar
teries.2.4, 7, 8 It is proposed that. atherectomy may be 
advantageous in dealing with complex lesions often 
seen in unstable angina, where conventional balloon 
angioplasty can be associated with suboptimal re
sults. Threatened or abrupt occlusion resulting from 
balloon-induced dissection can be managed by using 
directional atherectomy to excise the intimal flap, a 
bail-out role, but this is controversial. Originally, 
athelertomy was thought less likely to provoke 
restenosis on the basis of leaving a smoother vessel 
lumen with fewer dissections. This is probably not 
the case, but. the increased initial luminal gain com
pared with conventional balloon angioplasty may 
better accommodate subsequent_ restenosis. 

RESEARCH APPLICATIONS 

Directional atherectomy has created the potential 
for new directions in both clinical and laboratory re
search (Fig, 4), Indeed, among the new interventional 
devices, atherectomy is unique in providing the 
means to investigate pathophysiologic phenomena 

by using human vascular tissue. First, the tissue re
trieved by the device can be subjected to histopatho
logic examination. Traditionally, the pathologic fea
tures of atherosclerosis in human beings ha\'e been 
studied by using material excised in the operating 
theater or autopsy suite. What directional atherec
tomy now offers is access to fresh vascular tissue for 
immediate fixation and examination in situations 
where precise details of the current and previous 
medical history and clinical investigations are avail
able, Thus histopathologic appearances can be reli
ably related to different clinical pictures; primary 
atherosclerosis and restenosis, stable and unstable 
angina, for exrunple, 

Second, this tissue constitutes a source of cells for 
experimental work. Of necessity, investigations of 
mechanisms at cellular level in atherosclerosis, rest
enosis, and acute coronary syndromes have been 
performed in animal models to date. Studies have 
identified the vascular smooth-muscle cell as having 
a pivotal role in the response to injury of the vessel 
wa11.9 Smooth-muscle cells disaggregated or cultured 
from tissue excised at atherectomy can be examined 
with electron microscopy to identify subcellular or
ganelles and myofibrilsand with immunohistochem
istry or electrophoresis to identify cytoskeletal pro
teinssuch as smooth muscle cell alpha-actin, to com
ment on cell phenotype. The distinction between the 
contrnctile and synthetic phenotypes of the vascular 
smooth-muscle cell in culture is shown diagrammat
ically in Fig. 5. Important behavioral properties of 
the smooth-muscle cell, migration, proliferntion, and 
extra-cellular matrix synthesis, can be examined in 
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Fig. 4. Directional athereetomy: possible directions of research based on basis of retrieved tissue. 
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Fig. 5. Diagrammatic representation of differences in smooth-muscle phenotype: synthetic and con! rac
tile forllls. (Adapted from Thyberg et al. Arteriosclerosis 1990;10:966.) 

vitro. Also, cultured human vascular cells may be 
used as experimental models in the assessment of 
pharmacologic agents and the investigation of ge
netic processes in the cell, including the effects of ge
netic manipulation. 

Third, tissue can be frozen pending characteriza
tion with molecular biologic techniques. Transcrip
tion, the process by which the genetic code is con· 
\'eyed to the synthetic apparatus of the cell, and 
trnnslation, the interpretation ofthe genetic message 
and consequent production of specific proteins (Fig. 
6), can be unravelled by using monoclonal antibodies 
to recognize protein products and Northern blotting 
or in situ hybridization with selective radiolabeled 
gene probes to identify different messenger ribonu
cleic acid (RNA) chains (Fig. 7). 
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Histopatholog1c studies. A number of reports have 
been generated by this aspect of directional athcrec+ 
tomy. i .... laterial excised from primary atherosclerotic 
lesions in peripheral vessels bore the typical appear· 
ance of dense, fibrous plaque with occasional choles
terol crystals. IO Two thirds of restenotic lesions in the 
periphery displayed I he characteristic feature of the 
vascular response to injury, neointimal hyperplasia, 
but this featUre was also found in approximately one 
third of primary lesions. lO• ll Coronary artery histo
logic features were similar; virtually all restenotic le
sions revealed neointimal hyperplasia, a fealure seen 
nevertheless in a third ofprirnary lesions.6 In our own 
series neointimal hyperplasia (Fig. 8) indeed corre~ 
lated significantly with prior intervention, usually 
conventional baUoon angioplasty, and was detected 
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in 20~(, of primary lesions (Table O. The presence of 
neointimnl hyperplasia in a suhstantial proportion of 
primary atherosrlerotic lesions is consistent with the 
suggestion that ~Jlontaneous intramural injury in the 
form of plaque rupture occurs commonly, often ap
parently without serious clinical consequence,!"' and 
confirms that the primary atherosclerotic plaque is 
far from inert. What cannot yet be drawl! from the 
literature is whether or not the primary ntheroscle
rotic plaque demonstrating this evidence of vascular 
injury cao distinguish subgroups of patients with a 
different pattern of symptoms, rapid onset or cre
scendo angina pectoris, for example. 

Neointimal hyperplnsia in plaque tissue testilies to 
recent or ongoing cf>Iiulllr proliferation. The prolifer
ath-c status of intimal smooth musde eells in fresh 
tissue obtained at directional atherectomy can be 
documented by using a monoclonal antibody to a cy
din, the proliferllting cell nuclear antigen (peNA), 
thus identifying cells in the S, O}, and G2 phases of 
the eell cycle.13 By thi,'; mf>allS a recent report con
firmed that low rates of proliferation do exist in pri
mary atherosclerotic, lesions, Il in agreement with the 
histologic data regarding neointimal hyperplasia. In 
a brief series of patients undergoing directional 
atherectomy for restenosis in coronary and \'enous 
bypw,'; graft stents, compared with patient,'; receiving 
alhereclomy for restenosis post balloon angioplasty, 
anli-PeNA labeling indicated that smooth-muscle 
cellular proliferation may wane within a relath'ely 
short period oftimc after coronary interventions:.f7 

days after stent implantation and H days after bal
loon angioplasty.l~ 

There is continuing interest in the role of throm
botic mechanisms in vascular events. In peripheral 
vessels adherent or incorporated thrombus was a 
common finding in relation to primary atheroscle
rotic lesions but less so in relation to restenotic le
sionsY)·l1 Although thrombus was not commented 
on in a report of 73 coronary specimens,6 a recent 
communication described the presence of thrombus 
in 18 of 19 complex coronary le~ionsY; OUf own 
groUp, examining 93 consecutive coronary atherec
tomy specimens, noted that the presence of organized 
tbrombus within the plaque (Fig. 9) was rei flied to 
unstable angina (Table I), The proportion of cases 
was small, 10~c" but in these patients the degree of 
organization of the thrombus allows us to estimate 
with some confidence that spontaneous plaque rup
tUre took place 7 to 10 days previously. Given accu
rate clinical details, the comparison of primary ath
erosclerotic lesions demonstrating either organized 
thrombus or neuintimal hyperplaqia, with lesions 
showing neither of these features, provides fresh in
sights into the pathophysiologic nature of the plaque 
in diverse coronary syndromes. 

The features of the tissue excised at atherectomy 
may ba\'e further bearing on subsequent clinical out
come. Garratt et al. 17 examined thedep!hofresection 
during coronary atherectomy and related this to the 
subsequent. development of restenosis; deep cuts 
wele suggested to be a risk factor for restenosis in 
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Fig. 7. lJifigT,lInmatic r€'pr€'wnlotinn n[ t€'rhniqllc, nf (A) North~rrI hlotting nnd (8) in gilu hybridization. 

venous gmfts and ill already r{'stenotic lesions hilt 
not in pl'imary lesi(mg. In material from 126 periph
eml and 39 coronary procedures, ohsen'ation of a 
highly ('{'Ilular intima, identification of the internal 
ela.~tic lamina nnd the presen('e of arterial media were 
found to be predictive of Lestenosis after atherecto
my.1!> Analysis of specimens from 377 coronary ath
erectomies revealed that the presence oflesion throm
hw; and incision into the adventitia were the two 
fad or" a.~s(Jciat ed with proceciural com plication~ such 
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os \'e~"el flcdu~ion, myocardinl infarction, pC'ffora
tion ami distal embolization in vein gwfts. w 

Information can also be ohtained regarding olher 
form~ (If vasculor intervention. In 3,Q patients under
going dire('tional athereclomy for restenosis subse
quent to balloon angioplasty, atherectomy, or laser 
angioplasty, WnHer el al.21) noted that the histologic 
appearances were similar l'egardless of the initial 
technique?) The enterpri~ing use of directional 
athel'ectomy in 21 patients immediately after either 
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Fig. 8. S"ction ofprimaIY athero$c!erotk coronary arlery plaque excised at directional coronary atherec
tomy demonstrating neointimal hyperplasia. (nematoxylin-azofloxin stain; x450). 

FIg. 9. Section of atherosclerotic coronary artery plaque €'xcised at dir€'ctional coronary atherE'ctomy 
de!Uon~trating organized thrombus (Tj. (hematoxylin-azofloxin stain, x40Oj. 

Table I. FrE'quencie., with whirh neoinlimol hyperplasia 
I .... IIS found in relation 10 [""ion type and orgalliCl"d throm. 
bus was found in relation to symptoms in coronary artery 
plaque (issue excised from 93 patients at directional 
atherectomy 

Primal')" le,irm 

Nfointimal hyper"la3ia 14/69" \21)~;) 17/24 (71 ',I 
P < 0.{H)1, XI fest 

Rhlble angina Un;;table angina 
Organ;,f"(t thromb\H 1/4~ {2~~) 10/45 (22:,) 

p < 0.01, Xl Ie,! 

Nd:Y AG ("hot ·tip"), holmium:YAG, or excimer laser 
angioplasty allowed Isner et al.21 to describe the 
pathologic eJfects of the three modes of la~er, which 
ranged from charring several ceil layers thick with 
the first to a mildly basophilic, serrated appearance, 
one cell layer deep with the last.21 Findings such a~ 
these may he useful when con~iderillg both the pro· 
cedural result and the longer.term outcome of laser 
thermal and photoahlatioll and may influence 
changes in clinical practice. 

Studies using directional atherectomy are en· 
hanced by the use of quantitative angiography where 
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edge-detection analysis in particular provides useful 
information on plaque geometry in relation to hoth 
the effect of the procedure~l and histopathologic 
data. Conceptually, the marriage of directional 
atherectomy and intravascular ultrasonography is 
very attractive, High-quality images of the vessel wall 
will help to assess the separate contributions of the 
three modes of action of the atherectomy device: the 
"Dotter" effect, the effect of balloon inflation, and 
the effect of the cutter, Also, examination of tissue 
retrieved Illay prove useful in corroborating the 
information provided by intravascular ultrasonogra
phy with regnrd to the components and architecture 
ofthe vessel wall. In a similar manner, different types 
ofthromhus, or features of the plaque such as fissur
ing, revealed by angioscopy, can be sought in atherec
tomy samples, 

Cell and cell culture studIes. Bauriedel et nL23 were 
the first to embark on cell-based investigations with 
atherectorny material and demonstrated that celis 
dis-aggregated from atherectomy specimens could be 
identilied as smooth-musde cells by their staining 
with monoclonal antibodies to smooth-muscle cell 
alpha_actin.1~l An extension to this work included 
electron microscopic and electrophoretic studies of 
peripheral arterial atherosclerotic material.2-1 The 
mixed phenotype of the intimal smooth-muscle cells 
(Fig. 5), re\-ealed by the presence of peripheral my
ofilaments together with dense perinuclear or
ganelles, was consistent with the findings of studies 
of vascular injury in experimental animal models, 
and the distribution of cytoskeletul proteins, pre
dominantly beta-, alpha- and gamma-actin and \'i_ 
melltin was similar to that found in studies of surgi
cally excised human tissue. Immunofluorescence mi
croscopy opplied to sections of tissue obtained from 
coronary arteries at athereCI{)my re\'ealed that vi_ 
mentin-pMitive smooth-musde cells of synthetic 
phenotype were also positive for cytokeratins 8 and 
18.2~ CytokeratinB afe proteins found in fetal and 
neonatal but not adliit vascular smooth-musele cells, 
indicating that asubset ofthecoronary lesion smooth
muscle cells in this ~tudy had the characteristics of 
immature, dedifrerentiated cells commonly associ
ated with proliferative properties. 

The material obtained at directional atherectomy 
can he exploited by using the technique of cell cuUure 
in the further use and investigation of the small 
pieces of tissue retrieved. Bauriedel et al. 23 were olso 
the first to describe the cultivation of fibroblast-like 
cells from atherectomy tissue explants.2.l It was sub
sequently reported that cells isolated from primary 
atherosclerotic and restenosing lesions in hoth pe
ripheral and coronary llIteries behaved differently in 

242 

Macuod 1'1 (I/, 

Table II, Migratory velocity of smooth-muscle cells cul
tured from primary nnd restenotic coronary and peripheral 
arterial lesions excised at directional atherectomy 

Cell source 

PII'mruy 
CoronMy 
Peripheral 

Restenotk 
Coronruy 
Peripheral 

19.4 .f. 5.1 (n = 1) 
2.Ll ±2..(;(n= 12.) 

48_2 ± 3,6 (0 = 5) 
48,0 ± ~,O (n = 6) 

Y"I"e~ are up,.,,<-J ~ ",'~n ± S£'\1. lInits ar~ ~mflu (a,bpl • .:! f"om 
Ilauriedd G. <t at Clrcul,ti<!n 1991,I,S:5'>4 &,I). 

initial c-ell culture and early subculture.2~. 27 Reste
nosis cells demonstrated more rilpid growth, attrib
uted to a significant subpopu!tltion of small, low-ad
hesive proliferative cells that featured less among the 
cells of primary atherosclerotic origin. Two other 
findings were of particular interest. First, primary 
cells in culture did not respond to platelet-derived 
growth factor (PDGF), whereas resteno~is cells re
~ponded by increasing their growth. Second, primary 
lesion cells proliferated in response to medium con
ditioned by restenosis celis, allowing the authors to 
propose- an aut oerine growth -promoting (non-P DG F) 
function of smooth-muscle cells in restenosis lesions 
in human beings, a mechani~m previollsly suggested 
in animal studies. In a more recent study, this group 
describes their examination of cells cultivated from 
peripheral and coronary primary atherosclerotic and 
restenotic lesions by using a computer-assisted cell 
motion analysis system.5 Cell outgrowth was not re
iated to any clinical parameter, incltlding the type of 
lesion, but restenosis cells were found to display in
creased migratory activity during initial outgrowth in 
culture (Table II), which in conjunction with their 
earlier findings regarding proliferation, led the nu
thorsto emphasize the importance of these aspects of 
cell behavior in the restenosis process, 

GUr own group has also sought to use initial and 
extended cell culture a~ a means of examining the 
behavior of human coronary smooth-muscle cells ob
tained at directional atherectomy, Confluent cell,; 
cultured from retrieved tis5ue and electron micro
graphic images of these cells reveal appearances con
sistent with a mixed contractile/synthetic phenotype 
(Fig. 10). In agreement with the report of Datlsch et 
al.26 with respect to peripheral va~cular lcsion~, we 
found that smooth-muscle cells cultured from rest
enotic coronary lesions demon~tratcd accelerated 
growth compared with cells from primary athcroscle
rotic coronary !e~ions that had a growth pattern sim
ilar to young control human umhilical artery medial 
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FIg. 10. A, Confluent cultured l'ells derived from tissue retrie\'ed at directional coronary atherectomy; 
typkal "hiU-and-mlley" culture morphologic features. Electron microscopic [eatures of smooth-muscle 
c"lIs [rom coronary artery athero~derotic plaque tissue excised at directional atherectomy, B, peripheral 
myofibrils (m). C, perinuderu: (II.') org.melles, endoplasmic reticulum (e), golgi bodies (g), and numerous 
riboSOllle~ are visible. 

cells (Fig. 11), Although we were also unable to relate 
gw\\1h in ('ulture to any clinical parameler, a factor 
favoring successful initial smooth-muscle cell out
growth was the presence of organized thrombus in 
the nthereclomy specimen {Table 1m, hinting at 
links between complex lesions, unstable angina, and 
restenosis. Further, coronary cells derived from both 
types oflesion demonstrated inueased extracellular 
matrix production compared with the umbilical ar
tery cells27 (Table IV), consistent with the concept 
that extracellular matrix synthesis is a property of 
the adult vascular smooth-muscle cell important in 
both primary atherosclerosis and restenosis. 

Cultured human vascular cells provide us with new 
alternative experimental models for the assessment 
of the in vitro actions of existing therapies ana, po
tentially, for the development of novel treatment 
strategies. Having previously noted that material re
triey{~d from patients receiving angiotensin-convert
ing enzyme inhibitors was less likely to demonstrate 
successful smooth-muscle cell outgrowth, 29 Bauried 1'1 
et al.30 showed recently by means of celJ motion 
analysis and cell population douuling times that two 

a~pects of smooth-muscle ceil growth in culture, mi
gration, and proliferation responded similarly but to 
different extents to a variety of exogenous pharma
cologic agents, The conlbination of photosensitizing 
hematoporphyrin deri\'"ati,'es and photoradiation, a 
potential means of localizing and attacking the ath
erosclerotic plaque, has been examined by using 
smooth-muscle cells cultured from tissue retrieved 
during peripheral arterial atherectomy.:H These cells 
were found to be more susceptible to damage than 
control vascular smooth-muscle cells cultured from 
healthy arteries biopsied postmortem. Cell-culture 
models need not be restricted to monolayers of one 
particular cell type. Cocuiture systems, as recently 
reviewed by Betz,51 can be constructed to mimic the 
vessel wall and thus cater for important interactions 
such as those that occur between the endothelium 
and the media. 

"Gene therapy",33 whereby new genetic materia.l is 
introdueed to the cell by using methods such as lipo
fection,3-I retroviral vectors,S,,; engineered cells,31;·31 
and even particle bombardment,3B is a source of con
siderable current· interest. Cells in culture lllay be 
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Table III. Frequency of smooth-muscle cell outgrov.1h in 98 
attempted cultures in relation to presence of organized 
thrombus in coronlll)' artery plaque tissue exdsed at 
directional atherectomy 

Thrombus ' .... 0 Illrombus 

SMC outgw,,-th 8/10 (M:;) 351M (40~d 
p < 0.026, Xl test 

Table IV. Extracellular matrb:: production of collagen and 
sulphated-glycosaminoglycans of human coronary cells 
cultured from plaque tissue exdsed at directional atherec
tomy and of smooth muscle cells cultured from media of 
human umbilic.11 arteries 

Cdl source 

Re,tellO,;is 
PrimllI')' 
Umbilical 

Collagen 

0,034 ± 0.0061 

0.033 ± 0,00-\2 
0.019 ± 0,ocW· 2 

Glycosomi,wglycan_> 

11.5;1. 1.13 

15,4 ±. 3.l j 

5,4 ± 1.03,4 

("dlagon "Y1lthe;;i ........ determmed hy the "Vtake (of tfili,tod pro1in~ and 
mlphatfd-glyN;runinQglYCdn ')'nth""" by the il\corp-:,,"ti,m ~f l' ""lphat •. 
Valu,,"arena!WmolsdLigand vermitrogtrunoHotll1protoin,mt-an t ~E)'l; 
I' p < (l_D~, 'p < 0.(10.';. 

used to evaluate the success and effects of attempts 
to modify the genome and influence translation and 
transcription; human vascular cells obtained at 
atherectomy ale a logical prelimillllry testing groUiHi. 

Frozen tissue studies. The recent publication of 
Leclerc et al:"9 focuses on transcription (Fig. 6) and 
reports the illcreMed expression of messenger RNA 
for nonmuscle myosin heavy chain-B (l\.fHC-B) in 
the intimal smooth-muscle cells of restenosis tissue 
compared with primary atherosclerotic tissue re
trieved at peripheral or corollary atherectomy.:;g This 
finding is of interest because nonmuscle myosin has 
been implicated in vascular smooth-muscle cell divi
sion and proliferation; the method is a timely re
minder oflhe application of molecular biologic tech
niques in clinical science. The mRNA for MHC-B 
was detected by in situ hybridization (Fig. 7) by us
ing an antisense complementary (c)RNA probe pre
pared from recently cloned complementary deoxyni
bonucleic acid (DNA) coding for an isoform of the 
human nonmuscle MHC-B gene. To control for the 
specificity of the antisense cHNA probe, parallel hy
bridizations were performed with the sense cRNA 
probe; to control for cross-hybridization of the nOll

muscle myosin probe to smooth-muscle myosin, hy
bridizations were performed in normal human inter
Ilal mammary artery media preparat ions. By using a 
similar technique, this research group has now in-
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Fig. 11, Growth curves of smooth·muscle cells derived 
fr(lm human coronary restenotic and primary atheroscle
rotic lesions and from normal human umhilkal artery me
dia in secondary culture. 

vt'stigated the possible role of transforming growth 
factor-,8 (TGF-,B) find sugg'ests that it may be in
volved in vascular restenosis,40 Work of this nature, 
probing genetic regulation in plaque tissue, hM par
ticular relevance in view of the possibilities of gene 
therapy, However, 011 a note of caution, as the llUIll

ber of grow1h factors and other mediators impli('ated 
in atherogenesis and restenosis expands the dilli
culty of interpreting this newfound knowledge of the 
cell renders the choice of optimal targets le~s straight
forward. 

PROSPECTS 

The various research techniques we have men
tioned are unlikely to excite the cell biologist, who is 
well acquainted with them. However, with the advent 
of directional atherectomy, it is now possible to ap
ply such techniques in a systematic manner to the 
investigation of atherosclerosis, OUI most common 
source of mortality, and restenosis, the response to 
injury that hesets vascular intervention, by using 
human material, The identification of pathophysio
logic mechanisms within the cell holds out the pros
pect of discovering, de\'eloping, nnd testing new 
pharmacologic or genetic therapies that can then be 
assessed in human cell culture systems. Wurk oftn!>; 
nature represents an impurtant ndvance at a tillle 
when, in the field of restenosis, the failure of both 
empirlc drug tria!s and trials based on appnrently 
sound animal experimental evidence is a cause of 
concern.H , 42 Directional atherectomy opens up new 
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avenues of research, but it falls to the intervention
alist to generate t he enthusiasm among colleagues in 
the basic sciences that is the stimulus for fresh col
laborative research. 
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This thesis summarizes the clinical, angiographic and histologic findings in patients 
who underwent a directional coronary atherectomy in Rotterdam and Brussels 
between September 1989 and January 1994. In pari I, the concept of matching for 
angiographic and clinical parameters is introduced, validated and subsequently used 
as a technique to compare the angiographic results of new interventional devices, and 
atherectomy in particular, with those of conventional balloon angioplasty. In pari II, 
the immediate and late clinical outcome of this novel interventional procedure are 
reviewed. Pan Ill, provides an overview of the histologic information obtained from 
freshly harvested atherosclerotic plaque material. 

The purpose of this chapter is to review the results and to present some lessons which 
have been learned from the Rotterdam atherectomy program and provide a future 
perspective for directional atherectomy. Because restenosis still remains the Achilles 
heel of interventional cardiology, the merits of new techniques lay in reducing this 
phenomenon. Although patient care and clinical outcome remain the central issue, 
quantitative coronary angiography is the only reliable method to compare 
interventional techniques with respect to restenosis and remains the golden standard 
in interventional cardiology. Therefore, this chapter focuses on the values of 
angiography to summarize the data and provide a future perspective. 

How should quantitative corrmmy anxioRraphy data be applied to compare DCA alUI 
PTCA? 

We have now reached the stage where the safety and favorable immediate results for 
the various devices have been demonstrated in chapter IX-XII. The next logical step 
is the comparison of the devices to determine which specific features of a device may 
favor its use in a particular clinical situation [1,2]. In anticipation of such 
comparative trials, we have attempted to compare available data according to three 
methods. First, we extrapolated pathological findings in an animal model to clinical 
practice, secondly, introduced matching as a surrogate for randomized trials and 
thirdly we distinguished the angiographic outcome at follow-up from the renarrowing 
process dUl'illK follow-up (i.e. static vs dynamic restenosis criteria). 

J) Relative xain as all 'if/jUlY score', relative loss as all index of lIeo-
imimai hypflpiasia. The important observation that a greater gain in lumen (i.e. 
injury) is associated with a greater loss (ie repair) during follow-up has previously 
been described by Schwartz et al [3-5]. In a domestic swine stented model, which 
accurately mimics the proliferative nature of human restenosis, the extent of the 
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proliferative response was strongly associated with rupture of the internal elastic 
lamina as induced by oversized and overpressurized balloon inflations, with, or 
without, coil implantation. In chapter IX this hypothesis is tested in a clinical setting, 
by substituting the concept of lIinjury score" and linea-intimal hyperplasiall as 
observed in the animal model with the angiographically derived parameters of relative 
gain and relative loss. Previous balloon angioplasty, stenting and atherectomy 
angiographic studies revealed a linear relationship between relative gain and relative 
loss, although the coefficient of correlation is low. More importantly, not only the 
strength of the correlation varied between devices, the slope of the regression line 
was steeper in the atherectomy group than in the stent and angioplasty group 
implying that the reactive response (ie relative loss) was more pronounced after 
atherectomy than following angioplasty. The slope of the regression line between 
relative gain and relative loss, which reflects the inherent relationship between the 
degree of wall injnry and the degree of repair represent an index of luminal 
renarrowing specific for each treatment modality (atherectomy, balloon angioplasty). 

II) Matchil1!i. In chapters Ill-VII, we have employed and described the 
technique of "matching" which is based on three principles: a) the angiographic 
dimensions of matched lesions are assumed to be lIidentical", b) the observed 
difference between the two "identical" lesions must be within the range of the CAAS 
analysis reproducibility of 0.1 mm (= I s.d.), and c) the reference diameter of the 
potentially "matched" vessels are selected within a range of ± 0.3 mm (=3 s.d.; ie. 
99% confidence limits). The appropriate lesions are selected by an independent 
observer who is unaware of the 6 month angiographic outcome. Subsequent 
refinement of this technique allowed also the incorporation of clinical variables 
thereby creating similar patient groups with identical lesion and clinical 
characteristics. Eventually, matching may be used as a surrogate for randomized 
trials and may serve as a predictor of the outcome of sllch trials. 

III) A multivariate analysis of the J'ellarrowin~ process am/ {ate outcome. 
While examining the long-term results of intracoronary interventions, two aspects 
should be considered: (I) the clinical approach in which the determinant of the long
term angiographic outcome (minimal luminal diameter at follow-up) is characterized 
and (2) the biological approach which describes the determinants of the dynamic 
process (late luminal loss) which is initiated by the injury inflicted to the vessel wall 
during intervention. Initially. these two viewpoints appear contradictory but on deeper 
examination it Illay be possible to reconcile the assessment of outcome and process 
and find that each view, in its way, may be correct, although not addressing the 
entire picture. In chapter XI, we sought to reconcile the clinical and biological views 
(i.e. long-term angiographic outcome as welJ as the dynamic process of renarrowing 
which occurs during follow-up) in a consecutive series of patients treated by 
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atherectomy. We concluded that while analyzing the long-term results of 

interventional techniques, the biological process (luminal loss during follow-up) -
which characterizes the traumatizing nature of the intervention - should be dissociated 
from the clinical all/come (minimal luminal diameter at follow-up). It is clear that 
while improved clinical outcome is associated with larger vessel size and post

procedural luminal diameter, greater relative gain at intervention is strongly 

predictive of more extensive luminal renarrowing. 
The observations made by Kuntz et al [6-9] that achieving greater luminal gain with 

newer devices may reduce angiographic restenosis seem not completely in parallel 
with the linding that a greater luminal gain results in greater luminal loss. While our 
group are focusing in clinical studies mainly on the degree of renarrowing as a 

measure of the extent of the biological process i.e. the development of intimal 

hyperplasia, others have focused on the angiographic outcome i.e. final minimal 
luminal diameter. This is the difference, as has been expressed by Schwartz et aI [5] 

between the "doughnut and the doughnut hole". There is little doubt that a larger 

lumen at follow-up may be clinically "better" for the patient and this parameter is of 

great importance in assessing the long-term outcome of therapy. However, in large 
clinical trials directed at the prevention of renarrowing, the effect of therapy must be 

measured by its restricting effect on the thickness of the "doughnutH, which we 
believe is best encapsulated angiographically by the relative luminal loss during 

follow-up. As recently described, we believe that application of both approaches 
(clinical outcome and biological process) to the same population yield similar findings 

and the apparently diverse conclusions arise not from differences in therapeutic 
results but from differences in focus and approach [5]. 

Matchinf: to predict the aU/come (?f randomized device tdals: 

With the introduction of various new intracoronary devices, it is critical to assess the 
relative merits of each system. Matching a study population with a reference patient 

group of similar characteristics can be lIsed to compensate for some of the limitations 
of nonrandomized studies [10]. Furthermore, it may serve as a surrogate for 
randomized trials [II] or at least provide a more accurate calculation of power for 
upcoming randomized trials. In fact this form of comparative analysis has been 
validated demonstrating its value in predicting the outcome of randomized trials 
comparing angioplasty with atherectomy [12,13] and angioplasty with stenting [II]. 

In the matching study described in chapter VI, matching for clinical and angiographic 

variables resulted in two comparable groups with quite similar baseline stenosis 
characteristics. Atherectomy resulted in a more pronounced increase in minimal 
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luminal diameter than balloon angioplasty (mean ± SD: 1.17 ± 0.29 mm to 2.44 ± 
0.42 nllll versus 1.21 ± 0.38 mm to 2.00 ± 0.36 mm;p<O.OOI), this favorable 

immediate resuit was subsequently lost during late angiographic follow-up so that the 

minimal luminal diameter at follow-up and the net gain index did not differ 

significantly between the two groups (1.76 ± 0.62 mm versus 1.77 ± 0.59 111m; 

p~0.93 and 0.18 ± 0.19 versus 0.17 ± 0.17;p~0. 70) (Figure I). Consequently, the 
relative gain and relative loss were higher in the atherectomy group. For both 

techniques, the relative gain is linearly related to the relative loss but, the slope of 

the regression line is steeper for atherectomy suggesting that the relative loss is 
proportionally even larger for a given relative gain when compared to the balloon 

angioplasty group. This study confirmed that the long-term beneficial effect of 

directional atherectomy were less than expected, and indeed that important 
information could be derived by the evaluation of matched lesions which might be 
useful for the design of future randomized trials. For example, it can be calculated 

from this study that in order to demonstrate til at a difference in minimal luminal 

diameter of 0.07 mm at follow-up between atherectomy and balloon angioplasty 

groups is statistically different (with a 90% confidence interval and an error of 5%) 
1295 patients in each arm would be required in a randomized trial. However this 
calculation should not preclude attempting a randomized trial which includes less 
patients (such as the CAVEAT trial) since subgroup analysis might nevertheless 

unravel a subset of patients (or lesions) who may especially benefit from the new 
intervention. 

Outcome of randomized tria/,\': 

The CAVEAT and CCAT trials were the first completed randomized device trials 

[l,2). In both trials, the potential long-term benefit of at he recto my was evaluated and 
compared with conventional balloon angioplasty in primary native coronary arteries 
(CA VEAT) and primary lesions in the left anterior descending artery (CCAT). The 
primary endpoint encompassed quantitative angiographic measurements of luminal 
changes after intervention. Quantitative coronary angiography was performed in core
laboratories with different quantitative analysis systems (CAVEAT: ImageCom and 

CCAT: CMS). By protocol, the administration of intracoronary nitrates before and 

after intervention and at follow-up was obligatory. The quantitative coronary analysis 

was performed for multiple view but reported only for the view in which the lesion 
was judged to be most severe. At the outset of the trials, reslenosis was defined as 
a diameter stenosis at follow-up;" 50% at follow-up. Secondary analysis included the 

assessment of the minimal luminal diameter at follow-up and its cumulative 
distribution for the two groups. The cUlllulative frequency distributions of the 
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minimal luminal diameter at the three time intervals are provided in figures II 
(CA VEAT) and III (CCAT). As can be appreciated in both figures, atherectomy 

induced a larger acute gain and late loss than balloon angiopiasty. As a consequence, 
the minimal luminal diameter at follow-up were comparable in both groups although 
a trend favoring atherectomy was shown in the CA VEAT study. Consequently, the 
distribution cllrves of the minimal luminal diameter at follow-up run closely together. 
Opposed to the CCAT findings, CA VEAT patients who underwent atherectomy for 

lesion in the proximal segment of the left anterior descending coronary artery had a 
significant higher minimal luminal diameter at follow-up compared to those who were 
treated with balloon angioplasty. Figures I-III summarize the findings of the outcome 

of the matching study and the outcome of the two randomized trials. It may be 
concluded that our matching technique is a reliable method to predict the 

angiographic outcome of randomized trials comparing new interventional devices. 

Future Directions: 

Although atherectomy did not lead to an improved late clinical or angiographic 

outcome in the abovementioned trials, further analysis is needed to identify subgroups 
of patients who may benefit from this procedure (e.g. unstable angina patients). Some 

investigators stated that the conservative atherectomy strategy in the CAVEAT trial, 
which represents loday's atherectomy practise, is potentially responsible for the 
disappointing clinical and angiographic atherectomy results. The majority of the 
clinical events were related to the phenomenon of subacute occlusion which has been 
shown to be related with a high residual diameter stenosis [14] (post-DCA diameter 

stenosis of 29 % in CA VEA T) and a low anticoagulation status of the patieht. Another 

group of investigators stated that this atherectomy strategy is also responsible for the 
high restenosis rate in this group since they have identified that a residual post

atherectomy lumen of ,,20% diameter stenosis yielded the best results after 

atherectomy although there series has not been evaluated by quantitative angiography. 
These findings may urge for new angiographic endpoint definitions for (i) defining 

atherectomy to be successful and (ii) for defining the angiographic outcome of 

interventions lIsing a continuous approach (minimal luminal diameter at follow-up) 
rather than a categorical approach (restenosis rates). 

In a preliminary analysis frolll the Thoraxcenter patient cohort, we identified that 
atherectomy induced more luminal loss when the acute gain was comparable with a 
matched PTCA population. This indicates that the operator should strive for a large 
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acute gain to ensure a long-term angiographic benefit after atherectomy. Recently, 

Kuntz et al [15] found that a luminal gain after atherectomy of less than 0.7 mm was 
associated with a lower minimal luminal diameter at follow-up compared to the 
optimally treated group. Similarly, by dichotomizing our atherectomy population by 

the post-DCA minimal luminal diameter it appeared that patients with a large post

atherectomy minimal luminal diameter had the best late outcome. Subsequent analysis 
showed that optimal atherectomy as defined by a large net gain (mId at follow-up -

mId pre) in our population was associated with large vessels and a large luminal gain 

(Figure IV). These results may call for a new definition of atherectomy success 
which should then be considered as successful when a post-atherectomy diameter 

stenosis is less than 20%. Early analysis of the acute results of the Angiopeptin trial 

have indicated that such an optimal atherectomy (post-DCA diameter stenosis 18%) 

can be performed with a low acute complication rate [16]. Whether such an optimal 
atherectomy indeed yields a better long-term result should be tested in a new 

randomized trial. These new findings should be considered when interpreting the 
outcome of the CAVEAT and CCAT trials since in these trials only a modest 

atherectomy was performed. 
A second technical wind in the post-CAVEAT and post-CCAT era can be expected 
when atherectomy can be performed under real-time ultrasound guidance which will 

enable the operator to selectively remove the plaque. Such ultrasound guidance should 

also be able to identify subcategories of lesions ideally suited to atherectomy and will 

permit the achievement of maximal luminal gain with safety. The possibility to 
measure luminal area and the area inside the external elastic lamina before and after 
coronary intervention allows one to study the mechanisms of slich intervention. 
Intracoronary ultrasound imaging has shown that gain in luminal area is primarily 
achieved by plaque removal with directional coronary atherectomy [17]. 

Ultimately the restenosis process may only be controlled by the combination of a 
large luminal gain which will provide a large lumen at follow-up and pharmacologic 

intervention to reduce the increased luminal loss associated with such a large gain. 
Indeed one such trial (EUROCARE) is soon to be undertaken and will specifically 

address this issue. This trial is designed from the perspective tithe more you gain, the 
more you loseu and combines a large acute gain ill combination with an anti-oxidant 
and anti-proliferative pharmacological agent to reduce subsequent luminal loss. On 
the other hand, the BOAT trial will evaluate the effect of optimal atherectomy versus 

balloon angioplasty and is designed from the perspective "bigger is better" with 

emphasis on optimal performance. In other words, the BOAT trial will increase the 

"doughnut's hole" while EUROCARE will also try to reduce the "doughnut". 
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SAMENV ATTING 

Sedert de introdllctie van de percutane transluminale coronaire angioplastiek als 
behandeling van coronair lijden hebben voortschrijdende verbeteringen in de 
cathetertechnieken en in dilatatiestrategieen geleid tot een hoog initiee! 
succespercentage (±90%). Ondanks deze verbeteringen treden in 3% tot 5% 
acute complicaties op als gevolg van een beschadiging van de vaatwand waardoor 
een adequate myocardperfusie niet meer mogelijk is. Mede door deze factoren 
bestaat er behoefte aan nieuwe percutane technieken ais aIternatief voor de 

conventionele ballonangioplastiek. Directionele coronaire atherectomie is een van 
deze nieuwe behandelingstechnieken waarbij op een gecontroleerde wijze de 
atheromateuze plaque wordt verwijderd. Met het verwijderde materiaal krijgt men 
op deze wijze levend menselijk (re)stenose materiaal ter beschikking. 
He! doel van de in deze dissertatie beschreven studies was het evalueren van de 
klinische, angiografische en histologische aspecten van directionele atherectomie 
en de angiografische bevindingen te vergelijken met het resuitaat van 

conventionele ballondilatatie. 
In hoofdstuk I word! de toepassing van quantitatieve coronaire angiografie in de 
interventie cardiologie besproken. Daarnaast wordt de klinische toepasbaarheid 
hiervan bij directionele coronaire atherectomie samengevat. De resultaten laten 
zien dat niet aileen de directe en lange-tennijns resuiaten maar ook het 
werkingsmechanisme van atherectomie met behulp van quantitative coronaire 
angiografie ge-evalueerd kllnnen worden. 
Hoofdstuk 2 is een studie die de resultaten van contourdetectie en 
videodensitometrie voor en na atherectomie vergelijkt. Het blijkt dat na 
atherectomie vergelijkbare verschillen bestaan tussen conteurdetectie en 
videodensitometrie. Op grand van deze gegevens kan geconcludeerd worden dat 
beide analysetechnieken geschikt zijn om de angiografische resllitaten van 
atherectomie Ie qllantiticeren. 
In hoofdstuk 3 wordl het werkingsmechanisme van atherectomie bestudeerd aan 
de hand van angiografische en hislologische bevindingen. Met atherectomie werd 
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een significant groter lumen verkregen in vergeJijking met hallonangioplastiek. 
Verder blijkt dat 63% van de luminale verbetering toe te schrijven valt aan een 

'Dotter' effect ten gevolge van het inbrengen de grate atheratoom. Quantitatieve 
coronaire angiografie en een histologische observatie ton en aan dat atherectomie 
resulteerl in een bijna circulair lumen. 
In hoofdstuk 4 worden de resultaten van atherectomie vergeleken met die van 
andere interventietechnieken zoals bailonangioplastiek, stentimpiantatie en 
ratablator. Hiertoe werden 51 atherectomie patienten gepaard aan 51 stent en 51 
ballonangioplastiek patienten. In een dergelijke gepaarde analyse blijken 

atherectomie en stentimplantatie een beler inilieeI resuItaat te geven dan 
ballonangioplastiek. 

Hoofdstuk 5 beschrijft de lange-termijns resultaten van een gepaarde atherectomie 

en ballonangioplastiek populatie. Opnieuw blijkt dat atherectomie tot een beter 
actlut resuitaat leidt dan ballonangiopiastiek maar dat het ook tot een verhoogde 
activiteit van het restenose proces leidt waardoor bij nacontrole dit gunstige acute 
effect verdwenen is zodat de minimale luminale diameter bij nacontrole in beide 
groepen vergelijkbaar is. 

In hoofdstuk 6 wordt het angiografische resultaat van atherectomie en 
ballonangiopiastiek in een gepaarde patientenpopulalie beschreven. Drie nieuwe 
criteria om deze resultaten te kunnen vergelijken werden gedetinieerd. Met 
alherectomie wordt een gratere initieele winst van de minimale lumen diameter 
behaald dan met ballonangioplastiek. Enkele maanden later is deze winst echter 

veri oren gegaan. Yoor beide technieken werd een Iineaire relatie tussen "relatieve 
winst" en "relatief verlies" gevonden. De helling van de regressielijn is steiler in 
de atherectomie populatie daarmee aangevend dat het Il relatief verlies" in deze 
groep grater is voor dezelfde Itrelatieve winst" dan in de angioplastiek groep. 
Hoofdstuk 7 geeft de uitkomst weer van een analyse van patienten waarbij met 
atherectomie of angiopiastiek eenzelfde eind-resultaat bereikl werd. Deze studie 
laat zien dat bij nacontrole de angioplastiek groep een groter lumen had dan de 

athereclomie groep zodat bij alherectomie meer weggesneden moet worden om 
een gunstig eindresulaat Ie behalen. Dit is de eerste shldie die aantoond dat 
restenose afhankelijk is van de wijze van behandeling (snijden versus dilateren). 

Multivariate analyse laat inderdaad zien dat winst in lumen diameter een 
onafllankelijke voorspeller is voor het optreden van restenose. Die patienten 
waarbij het de, post-atherectomie diameter stenose minder dan 20% bedraeg 
hadden een significant beter lange-termijns resulaat. 
In hoofdstuk 8 wordt het werking'smechanisme van atherectomie bestudeerd door 
middel van kwantitatieve coranaire angiografie, intravasculaire echografie en 
intracoronaire angioscopie. De informatie verkregen door het gecombineerde 
gebruik van deze 3 beeldtechnieken geeft aan dat het angiografische resultaat na 

atherectomie (gladde vaalwand en hijna circulaire lumen configuratie) niet 
bevestigd wordt door echografie en angioscopie. De lumen toenall1e tijdens 
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directionele coronaire atherectolllie wordt grotendeels veroorzaakt door afname 
van de plaque area als gevolg van het wegsnijden van de vernauwing. 

In hoofdstuk 9 wordt de gezall~enIijke klinische en angiogratische ervaringen van 

(wee europese atherectomie centra beschreven. In totaal werd in 113 patienten een 
poging tot atherectomie verricht. Het procedurele succespercentage en primaire 

angioplasliek succespercenlage bedroeg respeclievelijk 85.7% en 95.2 %. Ernslige 
complicaties zoals overlijden, myocard infarct of coronaire bypass operatie 

kwamen in 5.7% van de patienten voor. 

In hoofdstuk 10 wordt een overzicht gegeven van de klinische en angiografische 

lange-termijn resllltaten van directionele coronaire atherectomie. Om inzicht Ie 

verkrijgen of het klinische syndroom ten tijde van de ingreep van invloed is op 

de resuitalen werd de palienlenpopulalie in Iwee groepen verdeeld: onslabiele 
versus stabiele angina pectoris. Onze ervaring is dat atherectomie een veilige 

behandelingsmethode is voor stabiele en onstabiele angina pectoris maar dat de 

iange-termijns resliltatcn in patienten met onstabiele angina pectoris slechter zijn. 
Deze hogere incidentie van complicaties ontstond ondanks het wegsnijden van de 

onstabiele plaque en Iijkt veroorzaakt te worden door de instabiliteit van dit 

syndroolll en niet zozeer door het feit dat Illet atherectomie geen adequaat Jange
termijns resuitaat bereikt karl worden. 

In hoofdstuk II wordt de multivariate analyse gepresenteerd waarin de klinische, 

angiograflsche en histologische voorspellers van de 6-maands minimale lumina Ie 

diameter en van het luminale verlies ge'identificeerd worden. In di! hoofdstuk 
worden de twee geldende restenose concepten (" bigger is betterU versus Uthe more 

you gain, the more YOll losel!) verenigd. Wanneer de lange-tennijns resuitaten na 

een interventie worden hestudeerd mocten zowe! het luminale verlies 
(restenoseproces) - hetgeen gekarakteriseerd wordt door het genezingsproces van 

de vaatwand na cen interventie - als de 6-lllaands Ininimale JUlllillale diameter 
(klinische uilkolllsl) legelijkerlijd gekarakleriseerd worden. Hel is duidelijk dat 
een betere klinische lIitkomst verkregen wordt bij patienten met grote bloedvaten, 

een grate post-atherectomie minimale IUlllinale diameter en in niet-LAD lesies 

terwijl een grote relatieve luminale wins! voorspellend is voor een versterkte 

Iliminale vernauwing. 

In hoofdstuk 12 worden de vroege en late resuitaten beschreven van alherectomie 

van vernauwde coronaire stents bij 9 patientcn. De celidentificatie, proliferatie en 

celdichtheid van het verwijderde restenosemateriaal werd bestudeerd met behulp 
van cOllventionele en electronen miscroscopie en imlllunohistochemische 

technieken. De reslIitaten werden vergeleken met een controlegroep van patienten 
die een PTCA ondergaan hadden. De angiografische resuitaten toonden aan dat 

atherectomie een effectieve hehandelingsmethode is maar da! het lange-termijns 

resuiaat bepaald werd door het optreden van restenose. De weefsel studies 

loon den aan dBI de gladde spiercel hel belangrijksle ccitype is dal aangelroffcn 
werd in restenoseweefsel\ onatlmnkelijk van het type voorgaande interventie en 
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dat proliferatie van de myocyten een vroegtijdig fenomeen is en 2 maanden na de 
ingreep nauwelijks meer aantoonbaar is. 
In hoofdstuk 13 worden de histologische kenmerken van het verwijderde 
atherectomie materiaal van 93 procedures bij patienten met stabiele en onstabiele 
angina pectoris vergeleken. De aanwezigheid van neo-intimalehyperplasie, fibreus 
weefsel, cholesterol kristalspleten, necrotische weefsel, kalk, macrofagen, 

trombus, media of adventitia werden beschreven. De resuitaten van deze studie 
laten zien dat trombusvofming en verkalkingen vaker bij onstabiele dan stabiele 
angina pectoris gevonden werden. Verder bleek dat er geen relatie bestond tussen 
de dum van onstabiele angina pectoris en de mate van trombusorganisatie. Veeder 
was de aanwezigheid van intimale hyperplasie sterk gecorreieerd met het 

ondergaan van een eerdere interventie. De restenose lesies hadden een identieke 
histologische kenmerken onafhankelijk van de aard van de voorafgaande 
interventie. 
In hoofdstuk 14 worden de toepassingen van histologie, celkweektechnieken en 
immunologie beschreven. De kweek resu!taten van gladde spiercellen uit 
coronaire arterie fragmenten laten zien dat slechts uit de minderheid van de lesies 
serieie passage mogelijk was en dat gladde spierceilen van restenose lesies een 
versnelde groei vertoonde dan cellen van primaire lesies of cellen van de 
naveistrengarterie. Hoewel er werden geen klinische parameters gevonden die 
uitgroei konden voorspellen, was de aanwezigheid van trombus in het 
atherectomieweefsel gerelateerd aan uitgroei van gladde spiercellen. Verder 
vertoonde de cellen uit het atherectoillieweefsel een hogere graad van 
extracellulaire matrixcomponenten cholesterol en glycosaminoglycanen dan 
navelstreng gladde spiercellen. De celkweektechniek Iijkt een nuttig model te zijn 
bij de bestudering van atherosclerose en in het bijzonder restenose. 
In hoofdstuk 15 wordt een samenvatting gegeven van de in dit proefschrift 
beschreven studies. In het bijzonder worden de bevindingen van de gepaarde 
vergelijkingen (ballon angioplastiek versus atherectomie) gerelateerd aan de 
uitkoillst van de twee gerandomiseerde studies. Het blijkt dat anze gepaarde 
analyse zoals beschreven in hoofdstuk 9, de uitkoillst van de gerandomiseerde 
studies nauwkeurig voorspelde. Hoewel atherectomie op dit moment niet 
aantoonbaar beter is dan ballonangioplastiek zullen toekomstige inzichten en 
ontwikkelingen zoals i) een betere definitie van een geslaagde 
atherectoillieprocedure, ii) de ontwikkeling van een gecoillbineerd 
atherectomie/echo apparaat en iii) de combinatie atherectomie/medicamenteuze 
therapie de lange-termijns reslJitaten van atherectomie nog verder verbeteren. 
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