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Abstract
Objective-To prove the safety and effec-
tiveness of high frequency rotational
ablation of coronary artery stenoses and
occlusion in humans.
Subjects-106 patients with symptoms
(91 men, 15 women) who had 67 signifi-
cant stenoses, mainly types B and C, and
46-chronic occlusions.
Main outcome measures-Mean change
in diameter stenosis after rotational
angioplasty alone and in combination
with percutaneous transluminal coro-

nary angioplasty immediately after treat-
ment and 24 hours and six months later;
restenosis rates at six months; complica-
tions oftreatment.
Results-Rotational ablation could not
be used in five stenoses and 16 chronic
occlusions because of inability to reach
or cross the lesion with the Rotablator
guide wire. In four cases rotational abla-
tion failed. Initial angiographic and clini-
cal success by rotational ablation was

achieved in 40 of the 67 stenoses (60%)
and in 18 of the 46 chronic occlusions
(39%). Additional balloon angioplasty
was performed in 45 patients, increasing
the success rates to 79% and 54%,
respectively. In the 62 stenoses treated by
rotational ablation the angiographic
diameter stenoses were reduced from
76% (SD 14%) to 32% (14%) after
Rotablator treatment alone and from
75% (11%) to 33% (17%) with additional
balloon angioplasty. In the 30 chronic
occlusions treated by rotational ablation
the angiographic diameter stenoses were

reduced to 38% (18%). At six months
angiographic restenosis was evident in
nine of the 25 (36%) stenoses treated with
rotational ablation alone, in seven of the
22 (32%) stenoses treated with rotational
and balloon angioplasty, and in 14 of the
24 (58%) chronic occlusions. There were

no procedural deaths and two patients
(2%) underwent emergency coronary

artery bypass grafting. Although no

transmural infarction occurred, there
were five (6%) non-Q wave infarctions
(two embolic side branch occlusions, two
subacute occlusions, and one acute
occlusion). Clinically insignificant slight
increases in creatine kinase activity were
seen in five patients (6%). Severe coro-

nary artery spasm unresponsive to med-
ical treatment was provoked in seven

cases (8%).

Conclusions-High frequency rotational
ablation is a safe and effective method
for treating type B and C coronary artery
lesions with results comparable to percu-
taneous transluminal coronary balloon
angioplasty. The combined use of rota-
tional ablation and balloon angioplasty is
feasible and is necessary in about half of
all procedures, in most cases because the
lumen created by the biggest burr is too
small.

(Br Heart J 1993;70:327-336)

Balloon angioplasty of coronary artery lesions
with certain morphological characteristics is
associated with a lower success rate and an
increased complication rate.1A To improve
the results in complicated lesions alternative
interventional procedures have been devel-
oped based on ablation of atherosclerotic
plaque.-7 One of these methods is high fre-
quency rotational ablation,8-" which by its
mechanism of action-that is, fracturing and
pulverising hard and calcified material-
predominantly ablates the atherosclerotic
plaque, causing minimal damage to the
undiseased vessel wall.'2 Although Dotter
effects have been shown, their frequency and
extent are low, especially when the burr is
advanced slowly and the plaque is reduced in
steps with different burr sizes."3 Preliminary
reports have documented the feasibility and
effectiveness of high frequency rotational
ablation in human coronary artery lesions.'1-6
We investigated its effectiveness and safety in
a larger group of human coronary artery
lesions, particularly of the B and C types.

Patients and methods
From March 1988 to December 1991 rota-
tional ablation was attempted in 106 patients
(91 men and 15 women, mean age 59 (SD
nine years). Forty of them had had a myocar-
dial infarction in the area of the diseased ves-
sel. All patients had either episodes of angina
or positive results on stress testing. Single
vessel coronary artery disease was present in
67 patients, double vessel disease in 27, and
triple vessel disease in 12; five patients had
undergone coronary artery bypass grafting.

Sixty seven stenoses and 46 chronic occlu-
sions (mean duration of occlusion four (2)
months) were selected for rotational ablation.
Thirty four stenoses and 28 occlusions were
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located in the left anterior descending artery,
15 stenoses and 10 occlusions in the left cir-
cumflex artery, 16 stenoses and eight occlu-
sions in the right coronary artery, and two
stenoses in the diagonal branches. The
stenotic lesions were classified according to
the American Heart Association guidelines3
as type A in five cases, as type B in 37, and as
type C in 25. A fresh lesion was treated 102
times and restenosis 11 times.

PROTOCOL
Inclusion and exclusion criteria were those
currently used for balloon angioplasty.
Patients with a type B or C coronary artery
lesion were selected preferentially. All
patients gave written informed consent. The
investigation was performed according to the
declarations of Helsinki, Tokyo, and Venice.

DRUGS
All patients received 20 mg nifedipine two
times a day, and an initial group of patients
received a daily dose of 500 mg aspirin
(which was later reduced to 100 mg a day),
starting one day before the procedure and
continuing for six months. An intravenous
infusion of dextran 40 (100 ml/h), nifedipine
(0.5 mg/h), and glyceryl trinitrate (3 mg/h)
was given one hour before the procedure. At
the beginning of catheterisation an intra-
venous bolus of 10 000 U heparin was
administered followed by an infusion at 2000
U/h. The infusions were continued for 48
hours. After each series of rotational ablation
glyceryl trinitrate and heparin were adminis-
tered between meals when appropriate.
Before treatment of the right coronary artery
1 0 mg atropine was administered as an intra-
venous bolus.

ROTATIONAL ABLATION DEVICE
The Rotablator system (Heart Technology
Bellevue, Washington) includes a catheter
unit for one time use and a control panel.
The catheter consists of a spiral drive well,
which is coated by a 3 French Teflon sheath.
At the distal end there is a bean shaped metal
tip of various sizes (1-25, 1-5, 1-75, and 2-0
mm). Diamond chips of 30,um are embed-
ded in the distal portion of the burr. The
proximal end of the catheter is connected to
an air driven turbine. At an air pressure of
4-5 atmospheres the turbine rotates the drive
well up to 190 000 rpm. For lubrication and
convection of heat a saline infusion perfuses
the catheter at a basal perfusion rate of 3
ml/min and during rotation at 12 ml/min.
The catheter has a central coaxial lumen that
allows tracking of the catheter via a 0 009
inch steel guide wire, which has a flexible dis-
tal end 0-014 inch wide. When the guide wire
is in position the burr is advanced and can be
tracked back and forth by pushing the
advancer knob without moving the guide
wire, which is fixed by a brake.

PROCEDURE
For the treatment a 9 French introducing
sheath and a 9 French guiding catheter were

used. As the Rotablator guide wire is difficult
to guide in the coronary artery system, a 3
French recanalisation catheter (Schneider)
was placed across or in front of the lesion
when a 0-014 inch guide wire (Advanced
Cardiovascular Systems) could not be passed.
It was then replaced by the Rotablator guide
wire, which was positioned across the coro-
nary artery lesion to the distal side. During
positioning of the guide wire all force was
avoided. The recanalisation catheter was
then removed, and the burr was advanced in
front of the lesion with slow or no rotation
(<50 000 rpm at 1-2 atmospheres). The burr
was slowly (1 mm/s) tracked back and forth
at 160 000 to 180 000 rpm by pushing the
advancer knob for up to 10 s. This procedure
was repeated up to three times for each burr
size so long as there was a noticeable decrease
in rotational frequency while the burr was
passing through the lesion. To avoid addi-
tional longitudinal shear stress to the vessel
wall the burr was always rotating when pass-
ing through the lesion. Between each rota-
tional series we waited for at least 30 seconds
or until electrocardiographic abnormalities
disappeared. We began with a small burr in
high grade lesions and occlusions and contin-
ued with a larger burr unless the result was
satisfactory. When the outcome after the use
of at least two burrs was still not successful
(see below), the intervention was followed by
balloon angioplasty. A balloon catheter
guided by a wire was used which could be
exchanged over the Rotablator guide wire.
Balloon size was chosen to avoid any overdi-
latation of the vessel. Inflation pressures were
4 to 6 atmospheres and the inflation duration
30 to 60 seconds. Follow up angiography was
performed 10 to 24 hours after the interven-
tion using the same projections and drug
treatment as before. We tried to obtain
another angiogram six months later with
identical projections. Patients were pretreated
with sublingual glyceryl trinitrate (0-8 mg)
(Pohl-Boskamp).

ANGIOGRAPHIC MEASUREMENT
The best projection for quantitative analysis
of the stenosis was determined at the begin-
ning of the intervention. All measurements
were taken in this projection only, which was
also used in all follow up angiograms. We cal-
culated the absolute and relative minimal
stenosis diameters according to the assump-
tions given by Brown et al.17 Callipers were
calibrated against the outer diameter of the
guiding catheter seen in the same view. To
facilitate accurate calibration the guiding
catheter tip was filmed without containing
contrast media.

Initial angiographic success by rotational
ablation was defined as a reduction of >20%
in diameter stenosis or to 450% of luminal
diameter achieved by rotational ablation and
the absence of severe cardiac events (myocar-
dial infarction, coronary artery bypass graft-
ing, or death). Overall success was defined as
meeting the above mentioned criteria for
angiographic success and the absence of
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A B C
Figure 1 Eccentric, irregularly shaped stenosis of the left circumflex (A), which was treated with a l75 mm burr as a stand alone procedure (B).
A concentric lumen was created with only a minimal residual stenosis (C).

Figure 2 Stenosis ofleft -
anterior descending artery -
(12mm long) (A), which -
was treated with a 20 mma
burr as a stand alone
procedure (B). Result of F.
intervention was good (C)
months(D).A

A B

C D

severe cardiac events after additional balloon
angioplasty.

Cases in which initial treatment was not
successful were analysed in terms of whether
the biggest burr used was too small for the
lesion or whether the effect of rotational abla-
tion was less than expected. To determine
whether the burr was big enough to reduce
the diameter stenosis to below 50%, the vir-
tual vessel diameter in the stenosis area (Do)
was calculated and compared with the diame-
ter of the used burr (Db) according to the
formula (DO-Db/Do) > 0 5. Restenosis was
defined as a reduction in luminal diameter of
>50% and a loss of >50% ofthe initial success.

STATISTCS
Results are summarised as means (SD). The
level of significance was determined by a
paired t test. Differences were considered to
be significant when p < 0-05.

Results
SUCCESS RATES
The Rotablator system could not be used in
five stenoses and 16 occlusions (failure to
reach or cross the lesion with the guide wire).
Primary angiographic and clinical success
(see Methods) was achieved in the treatment
of 40 of the 67 (60%) stenoses and 18 of the
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Figure 3 Chronic
occlusion ofa proximal left
anterior descending artery
(A) and successful
recanalisation with a 1 25
mm burr (B). After
passage ofa 1-75 mm burr
a significant residual
stenosis was left (C),
which was almost
completely removed after
baloon angioplasty with a
3 0 mm balloon (D).
Vessel surface was smooth
with no dissection visible.

A B

F

DC

Before
(n = 85)

Clinical outcome

After
(n = 85)

11

III

IV

Figure 4 Symptomatic status, ranked acci
classification ofCanadian Cardiovascular.
treatment six patients presented with unstab
The symptomatic status improved after trea
patients apart from in two patients, one wit
dissection and one with ongoing infarction.

46 (39%) chronic occlusions. Fig
show typical examples of successf
of a stenosis and an occlusion. I

the burr passed the lesion but fail
measurable effect. In three of th
PTCA was successful. The reasor

angiographic success were (a) tha
burr available was too small for th
cases). (b) that there was an inad(
(see Methods)-that is, the new l

eter was less than or equal to half the burr
6 Months diameter (six cases)-and (c) there was severe
(n = 83) spasm (seven cases). In all of these cases

I41 additional PTCA was performed, yielding
overall success in 53 out of 67 (79%) stenoses

,7 and in 25 out of 46 (54%) occlusions (fig 3).
I Z , To optimise the outcome PTCA was also car-
330 ried out in 20 patients in whom rotational

ablation was successful.
7

t ]§ CLICAL DATA
Rotational ablation was used in 85 out of
106 patients, most ofwhom had symptoms in

\ ~ class II or III according to the Canadian
Cardiovascular Society classification (fig 4).
All but two patients were symptom free
after treatment. In one patient a severe dis-

ording to section compromised blood flow and caused
Society. Before symptoms; this patient underwent an emer-ile angina.
tment in a gency bypass operation. The patient treated
,hsymptomatic during ongoing myocardial infarction and

cardiogenic shock (see below), had symp-
toms, although the occluded vessel was
recanalised.

ures 1 and 2 Major cardiac events (reintervention,
.ul treatment myocardial infarction, death) occurred in
n four cases three (3%) patients in hospital and in three
led to have a patients during the six month follow up
iese patients period. Figures 5 and 6 show outcome of the
is for lack of intervention.
It the biggest
ie lumen (12 ANGIOGRAPHIC DATA
equate effect In the lesions treated by rotational ablation
lumen diam- the angiographic diameter stenoses were
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Figure 5 Short and long term outcomes of all stenoses treated. For definitions of
interventional success and restenosis see methods. In five lesions not reached Rotablator
guide wire could not reach or pass the stenosis. Numbers in parentheses are lesions reached.
Rotational ablation was not effective in three lesions in which diameter stenosis was
unchanged after intervention. Two cases were clinically unsuccessful, one patient
experiencing a severe dissection and one subacute occlusion; both subsequently underwent
emergency bypass grafting. PTCR, rotational ablation; PTCA, balloon angioplasty;
CABG, coronary artery bypass grafting.

Figure 6 Short and long-term outcomes of all occlusions treated. For definitions of
interventional success and restenosis see methods. In 16 lesions not reached Rotablator
guide wire could not reach or pass the stenosis. Numbers in parentheses are lesions reached.
Rotational ablation was not effective in one lesion in which diameter stenosis was
unchanged after intervention. In one patient treated during ongoing infarction
angiographical result was unsuccessful; patient died of a large infarction. PTCR,
rotational ablation; PTCA, balloon angioplasty; CABG, coronary artery bypass grafting.

reduced from 76% (13%) to 42% (15%) in
all stenoses and from 100% to 59% (14%) in
all chronic occlusions (diameter stenoses are
shown in detail in figures 7-9 and in table 1).
In the lesions treated without balloon angio-
plasty comparison of diameter stenoses
immediately after rotational ablation and after
24 hours showed a continued reduction in 22
out of 39 cases, specifically a decrease of 13%
(12%). In four cases there was no change in
the diameter stenosis after intervention and in
13 cases the diameter stenosis increased by
9% (6%). Overall, there was a reduction of
4% in the diameter stenosis after intervention
(p < 0-01). Luminal diameter increased from
0 7 (0 3) mm to 1-5 (0 4) mm for all stenoses
and from 0 to 1-2 (0 4) mm for chronic
occlusions. We used different burr tip sizes in
steps to remove plaque material in occlusions
and in high grade stenoses of large vessels.
One size was used for 37 lesions, two sizes for
46, three sizes for seven, and four sizes for
two.

Balloon angioplasty was performed in addi-
tion to rotational ablation in 45 lesions, or
48% of lesions treated. In 20 cases in which
primary rotational ablation was successful the
diameter stenoses were further reduced from
44% (6%) to 33% (15%) by balloon angio-
plasty. Adjunctive balloon angioplasty, per-
formed in 25 cases in which rotational
ablation was not successful, reduced the
diameter stenosis after intervention from 63%
(13%) to 38% (20%).

SIDE EFFECTS AND COMPLICATIONS
A transient bradycardia or a transient atrio-
ventricular block that appeared 1-2 seconds
after the start of burr rotation and diminished
a few seconds after treatment stopped was
seen in nine patients, particularly when the
right coronary artery was the target vessel.
Ventricular fibrillation occurred during the
procedure in one patient with severe three
vessel disease and was terminated by defibril-
lation. In seven patients severe coronary
artery spasm nearly occluded the vessel. In
five cases of ischaemic reaction balloon
dilatation overcame the spasm; in two other
cases the spasm relaxed spontaneously after
5-10 minutes but reappeared when another
procedure was performed (fig 10). One
patient developed symptoms of pericarditis
after successful treatment of an occlusion
and a stenosis of a bifurcational lesion.
Angiographically visible dissections were seen
in four cases after rotational ablation and in
five cases after additional balloon angioplasty.
Major haemorrhage at the puncture site in
the groin with a fall in haemoglobin concen-
tration of more than 2 g/l was seen in 10
patients.

In another patient rotational ablation
caused a major dissection that compromised
blood flow. He had an emergency bypass
operation and suffered a non-Q wave infarc-
tion. Another patient who was symptom free
after the intervention developed symptoms of
acute myocardial infarction three days after
the intervention and shortly after stress test-
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Table 1 Mean (SD) diameter stenosis (percentage) for stenoses treated by rotational
ablation (PTCR) alone and with additional balloon angloplasty (PTCA) and of all
occlusions. Within the groups data were comparedfor statistically significant differences

PTCR Follow up

Before After After PTCA After 24 h After 6 months

Stenoses:
PTCR alone 76 (14) 34 (13) 30 (14) 49 (24)

t ~~~~~**E

PTCR +PTCA 75 (11) 51 (11) 33 (17) 38 (20) 49 (23)
". ***-' -***----- NS ' N

-Occlusions 100 59 (14) 45 (11) 41 (17) 66 (23)

*p<00,*p<0*p<01NS nosinfcn**

*p<0 05, **p < 0-01, ***p < 0-001. NS = not significant.

Table 2 Side effects and complications of rotational
ablation

Complication No ofpatients
Minor

Bradycardia 7
Transient AV block 2
Ventricular fibrillation 1
Coronary artery spasm 7
Pericarditis 1
Coronary artery embolism 2
Dissection 9
Groin bleeding/haematoma 10
Rise in creatine kinase 5

Major
Subacute occlusion 2
Emergency CABG 2
Non-Q wave infarction 5
Death 1

AV, atrioventricular. CABG, coronary artery bypass grafting.

Before After 24 h 6 months

Rotational angioplasty

Figure 7 Individual angiographic outcomes of27 stenoses treated with rotational
ablation. In one patient angiography was not perforned after 24 h.

100r
I

Before After

Rotational angioplasty

After balloon
dilatation

Figure 8 Individual angiographic outcomes of32 stenoses treated with rotational and
balloon angioplasty. In two patients angiography was not performed after 24 h.

ing (200 W) that gave negative results; he
underwent an emergency operation. This
patient also suffered a non-Q wave infarction,
as did two patients who had angiographically
verified embolism. A collateralised previously
subtotal stenosis was found to be occluded at
the 24 hour examination. It was reopened but
a non-transmural infarction resulted. In the
five patients with a non-Q wave infarction the
maximum rise in creatine kinase concentra-
tion was 348 (107) U/1. In another five
patients a slight rise in creatine kinase activity
(273 (121)U/1) and in creatine kinase MB
type activity (10 (6)U/1) was observed but
without any electrocardiographic abnormali-
ties or apparent angiographic causes. The
patient treated during ongoing myocardial
infarction (see below) died after the proce-
dure from a large infarct. Table 2 lists the
major complications.

ROTATIONAL ABLATION DURING ONGOING
INFARCTION
A 30 year old obese man with juvenile onset
diabetes and a history of smoking was admit-
ted to hospital with a subacute anterior
myocardial infarction. Because of persisting
unstable angina, ST segment elevation, and
early cardiogenic shock he underwent angio-
graphy two days later. Massive left ventricular
dysfunction and proximal occlusion of the left
anterior descending artery were evident.
Although passage with a guide wire was
achieved a balloon catheter could not be
advanced across the lesion. Therefore rota-
tional angioplasty was used and recanalisation
was successful, reducing the stenosis to 74%.
It was decided to proceed with balloon angio-
plasty, but although several dilatations were
performed a residual stenosis of 55% was evi-
dent. The clinical condition of the patient did
not improve and multiorgan failure developed
because of permanent cardiogenic shock. He
died 24 hours later without clinical evidence
of renewed vessel occlusion.

RESTENOSES
Angiography was performed again after six
(2) months in 88% and 96% of the patients
who had had successful treatment of stenoses
and occlusions, respectively. Seven patients
refused a repeat angiography, all were free of
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Table 3 Restenoses rates (percentages) calculated accordtng to different definitions'8

PTCR+PTCA
Definition of restenosis All stenoses PTCR stenoses stenoses Occlusions

> 50% diameter stenosis and > 50% loss of
initial reduction 34 36 32 58

>30% increase in diameter stenosis (grade I)* 30 36 23 58
>70% diameter stenosis (of a postintervenuonal
<50% diameter stenosis) (grade II)* 21 20 23 58

Decrease in diameter at follow up within 10% of
preinterventional diameter (grade I)* 28 28 27 33

>50% Loss of postinterventional diameter
(grade IV)* 30 36 23 50

>0 72 mm Reduction in luminal diameter compared
with the postinterventional result 31 37 24 54

PTCR, rotational ablation; PTCA, percutaneous transluminal coronary angioplasty. *National Heart, Lung and Blood Institute
grading system.

100

80

60

40

20

After After balloon
dilatation

Rotational angioplasty

Figure 9 Individual angiographic outcomes of all occlusions treated. In two patients no
angiography was not performed after 24 h.

A B

symptoms. One patient was restudied after
one month because of unstable angina; the
original occlusion had reoccluded and was
successfully dilated.

In the occlusion group seven out of 24
lesions were reoccluded and seven reste-
nosed. In the stenosis group that underwent
rotational ablation alone eight out of 25
lesions were restenosed and one was
occluded. In the stenosis group treated with
both rotational and balloon angioplasty five
out of 22 lesions were restenosed and two
were occluded. Progression of coronary artery
disease was evident in 12 patients over the six
months of follow up. Table 3 shows the rates
of restenoses.

Discussion
Previous investigations indicated that rota-
tional ablation yields angiographic results
comparable with those of percutaneous

C~~~~~~~~~~~~~~~~~

Figure 10 Long subtotal stenosis of right
corona?y artery (A), treatment with 1-5 mm
burr caused severe spasm that nearly occluded
the vessel (B): this relaxed afterfive min (C).
A larger burr (2 0 mm) caused repeated spasm
(D), with spontaneous relaxation after some
minutes (E).

.... \ .. S. ;
.; ... ....
_ _L ,: F
D
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transluminal coronary angioplasty.'151619
Because of its mechanism of action rotational
ablation seems to be advantageous in calci-
fied, long, and high grade lesions. In these
complicated lesions the success rates of inter-
ventional methods are still low-that is, 60%-
80%.1-319 We chose such complicated lesions
for our study and achieved success rates for
rotational ablation that are comparable with
those for percutaneous transluminal coronary
angioplasty. In almost half of all the cases the
outcome of rotational ablation was sufficient
for it to serve as a stand alone procedure.
With the combined use of rotational ablation
and balloon angioplasty success rates of about
80% can be achieved for stenoses. Failure to
achieve angiographic success was the result of
procedural limitations in most instances.
Firstly, with some early catheter systems over
the wire exchange was not possible; with
newer, modified devices exchange and posi-
tioning can be done quickly and readily.
Secondly, burr size was limited in our series
to a diameter of 2-0 mm; for proximal lesions
bigger burr sizes are needed. Recently,
devices with burr tips up to 2 5 mm have
become available, but they require a 10
French introducing sheath and catheter.
Thirdly, there were some lesions in which
rotational ablation achieved no or an inade-
quate reduction in size of the stenosis.
Although no uniform lesion morphology was
found in these cases, the main feature in
angiographically unsuccessful cases was
extreme lesion eccentricity or a low ratio of
burr to vessel diameters. We think that the
burr must be pressed against the plaque with
a certain force to achieve sufficient ablation.
The undiseased vessel wall of some eccentric
lesions probably fails to give the burr enough
support which allows it to slip past the lesion,
causing dilatation rather than ablation.
. High frequency rotational ablation is
guided by a special wire, which is somewhat
more difficult to position in the coronary
artery system. To facilitate positioning we use
recanalisation catheters. Because the
Rotablator is a wire guided system failure to
reach or cross the lesion was the most com-
mon reason for failure in chronic occlusions.

EFFECTS AND EFFECTIVENESS
The diameter stenoses were reduced and
angiographic contours smoothed in all but
four lesions. The cases in which rotational
ablation was inadequate showed no particular
common angiographic finding. Residual
stenosis after rotational ablation could be due
to persisting plaque or to spasm (see below).

In addition to ablation of plaque material,
rotational ablation may also result in some
degree of plaque dilatation,"3 especially when
the burr is advanced too fast. To minimise
this dilatatory effect plaque material of high
grade stenoses and occlusions was removed in
steps using different burr sizes. Angio-
graphically visible dissections occurring as a
result of dilatation were evident in 5% of the
cases after rotational ablation. The low
incidence of dissections after additional bal-

loon angioplasty (6%) may be the result of
the preceding removal of the rigid vessel wall
layer and plaques and the reduction in dia-
meter stenosis. As dissections considerably
increase the risk of major complications2022
our approach may have contributed to the
low complication rate.

Currently there are three methodological
hazards connected with rotational ablation-
namely, microcavitations, ablation debris,
and spasm.

Microcavitations
The movement of a body at high speed in a
fluid causes dissolved gases to come out of
solution. A burr tip with a rotational fre-
quency of more than 34 000 rpm generates
microbubbles with a random size of 90 (33)
4um.2324 These microbubbles can be visualised
sonographically during rotational ablation by
echo enhancement of the myocardial region
being treated24 and, depending on the num-
ber produced, might have some clinical rele-
vance by causing a short lasting obstruction
of capillaries until the gases dissolve again.
Microcavitations therefore are very likely to
be the reason for transient ST segment
depressions and many common rhythm prob-
lems. The prophylactic administration of
atropine reduced the frequency and intensity
of bradycardia and atrioventricular block. In
some cases the coronary flow seemed to be
reduced immediately after rotational ablation,
improvement coming after several minutes.
Obstruction of larger parts of the capillary
bed by microbubbles is likely to be the reason
for this phenomenon and in more severe
cases for the no reflow phenomenon reported
by others.'5 We therefore limited each rota-
tional series to 10 seconds and waited 30-60
seconds between series.

Ablation debris
About 90% of the ablated plaque forms
pieces with a diameter of less than 5 1um.2627
But there may also be some particles up to
250 ,um, which can form emboli in smaller
vessels.'829 We saw emboli in two of our
cases: one was proximal to the lesion treated
in a side branch of a diagonal branch, and in
the other the distal run off was blocked after a
long occlusion was removed using four burr
sizes.

Klein et al recently reported that slight
increases in creatine kinase concentration up
to twice the normal upper value are common
(15%) after successful percutaneous trans-
luminal coronary angioplastyM0; in many cases
there were neither clinical nor angiographic
abnormalities so atherosclerotic debris is
probably the origin of the emboli.'-4 The fre-
quency and extent of the increase in creatine
kinase activity were about the same in our
study group. Friedman et al have reported
isolated clusters of necrotic myocytes caused
by microembolisation after intracoronary
injection of debris from rotational ablation in
dogs.'9 Microembolisation might be the cause
of the unexplained slight increase in creatine
kinase we found in four of five patients.
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A considerable drop in rotational fre-
quency dunrng passage through a lesion is
more common when one large burr is-used
than when a stepwise approach is used (see
above). As particle size increases when the
rotational frequency drops below 150 000
rpm, more complications from microemboli-
sation and macroembolisation can be
expected.25

Spasm
We and others35 often see coronary artery
spasm after rotational ablation but spasm is
also common with balloon angioplasty.36 37

The reactivity and muscular tone of diseased
epicardial arteries are impaired according to
the degree of the atherosclerotic changes.
Disturbed release of endothelium-derived
relaxation factor and prostacyclin may
account for the imbalance between factors
(cellular and humoral) regulating vascular
muscle tone.3"0 Atherosclerotic segments
thus react to vasoconstricting agents more
readily and intensively than normal
segments.4142 Altering the endothelial-suben-
dothelial regulatory system by partial removal
of the intima or denudation of subintimal tis-
sue, or both, leads to an excessive reaction
mainly caused by platelet derived factors
(thromboxane A2, serotonin) and endothe-
lium derived factors (endothelin), whose
release is induced by the cell injury.43-45
Moreover, the vasoactive response depends
on the extent of thrombus formation and the
underlying atherosclerosis.43 The frequency
with which spasm occurs during interven-
tional procedures thus depends on the aggres-
siveness of the procedure and the underlying
lesion. In our group of patients there was a
significant trend towards wider luminal diam-
eters at 24 hour control angiography, suggest-
ing a postinterventional release of increased
vessel tone. Severe spasm was not countered
by intracoronary nitrates; in the cases with an
ischaemic reaction spasm was overcome by
balloon dilatation, which was easy to perform
with an over the wire system. Recent investi-
gations indicate that nitrates and other
vasodilators have little effect on injury-related
vasoconstriction,46 with the exception of cal-
cium channel blockers, whose smooth muscle
relaxing effect was preserved.48 We believe
that intravenous calcium channel blockers
should be given for 24 hours before the inter-
vention.

PROCEDURE RELATED DEATHS
The patient who died 24 hours after the pro-
cedure was the only patient in whom rota-
tional ablation was performed during
myocardial infarction. Rotational ablation
was performed as a bail out procedure and
the patient was already in cardiogenic shock.
Although the intervention was not successful
according to standard angiographic criteria,
vessel perfusion was restored. The patient
died of the large infarct, and in our opinion
interventional treatment did not affect the
clinical course. The case shows that rotational
ablation can be used in acute occlusion

that cannot be passed with a balloon catheter.

RESTENOSIS
There is evidence that the fibrocellular
response to vessel damage causing restenosis
strongly depends on the extent of thrombus
formation and subsequent release of growth
factors.4950 Moreover, the exposure of deeper
vessel wall layers seems to provoke a stronger
proliferative response.5' 52 In heavily diseased
coronary arteries and in high grade stenosis
balloon angioplasty puts great shear stress on
the vessel wall and is more likely to cause
deep vascular injury."354 Rotational ablation,
properly used, does little harm to the subinti-
mal layers,'2 which suggests that it has a less
stimulating effect on the restenosis process.
At present the restenosis rate for stenoses
treated with rotational ablation alone is
within the lower range of data reported for
the treatment of comparable lesions with bal-
loon angioplasty.2A The restenosis rate after
the combined use of both procedures is
lower, but not significantly. The larger num-
ber of suboptimal results that remained in the
rotational ablation group may be a cause of
this discrepancy, though the means for diam-
eter stenoses after intervention were not dif-
ferent between the two groups.

CONCLUSION
This investigation showed that high fre-
quency rotational ablation can be used in
complicated stenoses and occlusions. Initial
angiographic success, the reduction in diame-
ter stenosis and the complication rate were
about the same as with balloon angioplasty.
In 48% of our cases we also performed bal-
loon angioplasty to achieve angiographic suc-
cess or optimise the result. The combination
of rotational and balloon angioplasty was fea-
sible and safe. The incidence of dissections
and resulting complications was very low
after additional balloon angioplasty for type B
and C lesions. This may be a result of initial
debulking of atherosclerotic material by rota-
tional ablation.
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