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Executive summary
The procedure
Percutaneous transluminal coronary rotational atherectomy (PTCRA) is one of the newer
cardiac interventional devices used to treat coronary artery stenoses. Rather than
increasing luminal diameter by arterial stretching and plaque fracture as with
percutaneous transluminal coronary angioplasty (PTCA), PTCRA uses an abrasive,
diamond-coated burr to debulk existing plaque and calcified lesions by reducing them to
small particles (approximately 5µm). When inserted into the appropriate coronary artery
with the legion, the rotating burr selectively removes hard tissue, soft tissue being
deflected by the elastic recoil of normal segments of vessel.

Medicare Services Advisory Committee – role and approach
The Medical Services Advisory Committee (MSAC) is a key element of a measure taken
by the Commonwealth Government to strengthen the role of evidence in health
financing decisions in Australia. MSAC advises the Commonwealth Minister for Health
and Ageing on the evidence relating to the safety, effectiveness and cost-effectiveness of
new medical technologies and procedures, and under what circumstances public funding
should be supported.
A rigorous assessment of the available evidence is thus the basis of decision making
when funding is sought under Medicare. A team from the Monash Institute of Health
Services Research at Monash University was engaged to conduct a systematic review of
the literature on percutaneous transluminal coronary rotational atherectomy. A
supporting committee with expertise in this area then evaluated the evidence and
provided advice to MSAC.

MSAC’s assessment of percutaneous transluminal coronary
rotational atherectomy
Clinical need

Cardiovascular disease is responsible for 41 per cent of all deaths in Australia. Minimally
invasive interventional techniques, such as PTCA, and coronary artery bypass graft
(CABG) surgery are the therapeutic modalities most often performed in patients with
identified coronary artery disease. While the number of CABG procedures appears to be
levelling out, PTCA procedures are still rising. However, both the absolute number and
proportion of PTCRA procedures performed annually are variable, with numbers
decreasing in the two most recent years during which data were collected. Overall, it is
estimated that around two per cent of patients undergoing PTCA will benefit from
PTCRA. In 2001, this figure is estimated to be between 370 and 472, depending on the
assumptions used to extrapolate from available data. While PTCRA is most often used as
an adjunctive procedure to PTCA, it can also be used to treat those who might not cope
well with CABG surgery.
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Safety

The available evidence from RCTs suggests that PTCRA with or without PTCA is no
more likely to result in death, Q-wave infarcts or emergency surgery compared to PTCA
alone either during the in-hospital period or within six months of the procedure. Patients
are also less likely to experience angiographic dissection or proceed to bailout stenting.
However, as this review went to print, vom Dahle et al. 2002 published six month data
from the ARTIST RCT (in which in-stent restenosis was assessed following PTCRA and
PTCA) reporting that six month event-free survival was significantly higher after PTCA
(91.3 per cent) compared with PTCRA (79.6 per cent, p=0.0052). PTCRA of in-stent
restenosis may have a poorer safety outcome than PTCA.
Since perforation rates (the major and most immediately recognisable adverse event
associated with interventional cardiology procedures) are not statistically significantly
different from those associated with PTCA, it would appear the PTCRA is as safe as
PTCA in the first 24 hours of the procedure. However, minor complications such as
temporary vessel spasm and slow flow are more likely. To date, there is insufficient data
to conclude whether PTCRA is as safe as PTCA in revascularising different types of
coronary artery lesions.
Effectiveness

When conventional PTCA, with or without stent placement, is feasible (95 per cent of
cases), PTCRA appears to confer no additional benefit to the patient. This conclusion is
supported by evidence from randomised trials.
In cases of in-stent restenosis, there is limited and conflicting published evidence, and no
long-term data, to support the routine use of rotational atherectomy. Expert clinical
opinion indicates that, in certain circumstances, rotational atherectomy is a useful
adjunctive procedure to increase the success of subsequent angioplasty in achieving
satisfactory revascularisation in complicated or calcified lesions.
In specific cases where conventional angioplasty and stenting cannot be undertaken
successfully or is associated with a poor clinical or angiographic outcome, PTCRA
appears to be an effective adjunctive procedure to increase the likelihood of successful
revascularisation. This conclusion is supported by evidence from case series and clinical
experience; however, it may not be possible to undertake randomised trials to verify this.
Cost effectiveness

Cost-effectiveness ratios could not be determined given the limitations of the data on
effectiveness and the paucity of robust cost estimates arising from high-quality studies.
Australian cost data demonstrate that PTCRA, used as an adjunct to PTCA in the two
per cent of cases where PTCRA is deemed relevant, would be expected to cost the health
system less than an additional $2 million per year. To counter this added expense,
PTCRA is estimated to save the health system, at best, $1.9 million when used in lesions
refractory to PTCA or as an alternative to CABG for single-vessel disease. However,
these cost savings may be misleading since the proportion of single-vessel CABG
procedures able to be converted to PTCRA is not known. Therefore, costs referred to
here should be considered indicative only.
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Recommendations
MSAC recommended that on the evidence pertaining to percutaneous transluminal
coronary rotational atherectomy (PTCRA):
1)

Public funding is supported for the following specific indications:
a) For revascularisation of complex and heavily calcified coronary artery lesions
which cannot be treated by percutaneous transluminal coronary angioplasty
(PTCA) alone or when previous PTCA attempts have not been successful; and
b) For revascularisation of complex and heavily calcified coronary artery stenoses
where coronary artery bypass graft (CABG) surgery is contra-indicated.

2)

Public funding is not supported for the following indications:
a) For revascularisation of coronary artery stenoses which can be satisfactorily
treated by PTCA alone, with or without stent placement; and
b) For revascularisation of coronary artery in-stent restenoses as a result of prior
coronary artery intravascular interventions (since no long-term data exist and
short-term data are conflicting).

The Minister for Health and Ageing accepted this recommendation on 17 September 2002.
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Introduction
The Medical Services Advisory Committee (MSAC) has reviewed the use of
percutaneous transluminal coronary rotational atherectomy, an intravascular device for
complex lesions of the coronary arteries. MSAC evaluates new health technologies and
procedures for which funding is sought under the Medicare Benefits Scheme in terms of
their safety, effectiveness and cost-effectiveness, while taking into account other issues
such as access and equity. MSAC adopts an evidence-based approach to its assessments,
based on reviews of the scientific literature and other information sources, including
clinical expertise.
MSAC’s terms of reference and membership are at Appendix A. MSAC is a
multidisciplinary expert body, comprising members drawn from such disciplines as
diagnostic imaging, pathology, surgery, internal medicine and general practice, clinical
epidemiology, health economics and health administration.
This report summarises the assessment of current evidence for percutaneous
transluminal coronary rotational atherectomy.
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Background
Atherosclerotic lesions of the coronary arteries
Despite improvements in the fields of medical technology and pharmacology,
cardiovascular disease continues to be Australia’s leading cause of morbidity and
mortality. Cardiovascular disease is the collective grouping of the following six diseases:
coronary heart disease, stroke, heart failure, peripheral vascular disease, abdominal aortic
aneurysm and acute rheumatic fever and rheumatic heart disease (AIHW 2000).
One of the main underlying problems in cardiovascular disease is atherosclerosis, a
process characterised by the accumulation of cells, matrix fibres, lipids and tissue debris
in the arterial lumen. This can lead to obstruction of blood flow or ulceration,
embolisation and thrombosis (Rutherford 2000). It is most serious when it affects the
blood supply to the heart (causing angina, heart attack or sudden death) or to the brain
(which can lead to a stroke).
In an attempt to standardise the definition of these types of blockages, the American
Heart Association has produced an histological classification system for atherosclerotic
lesions (Stary et al. 1995). These are summarised in Table 1.
Table 1

Terms used to designate different types of human atherosclerotic lesions in
pathology

Lesion
Classification
I

2

Terms Used in Histologic Classification
Initial lesion

IIa
IIb

Progression-prone type II lesion
Progression-resistant type II lesion

III

Intermediate lesion (preatheroma)

IV

Atheroma

Va
Vb
Vc

Fibroatheroma
Calcific lesion
Fibrotic lesion

VI

Lesion with surface defect and/or haematoma/haemorrhage and/or thrombotic deposit

Percutaneous transluminal coronary rotational atherectomy

A classification for coronary artery stenoses has also been proposed jointly by the
American Heart Association (AHA) and the American College of Cardiology (ACC)
(Ellis et al. 1990). They have designated three classifications according the characteristics
described below in Table 2.
Table 2

American Heart Association / American College of Cardiology Task Force stenosis
characteristic classification (Ellis et al. 1990)

Type A lesions
Discrete (<10 mm length)

Little or no calcification

Concentric

Less than totally occlusive

Readily accessible

Not ostial in location

Non-angulated segment, <45°

No major branch involvement

Smooth contour

Absence of thrombus

Type B lesions
Tubular (10 to 20 mm length)

Moderate to heavy calcification

Eccentric

Total occlusion< 3 months old

Moderate tortuosity of proximal segment

Ostial in location

Moderately angulated segment, >45°, <90°

Bifurcation lesions requiring double guide wires

Irregular contour

Some thrombus present

Type C lesions
Diffuse (>2 cm length)

Total occlusion >3 months old

Excessive tortuosity of proximal segment

Inability to protect major side branches

Extremely angulated segments >90°

Degenerated vein grafts with friable lesions

Rotational atherectomy: the procedure
Percutaneous transluminal coronary rotational atherectomy (rotational atherectomy or
PTCRA) is one of the newer cardiac interventional devices introduced to treat coronary
artery stenoses by myocardial revascularisation. Like all coronary procedures, the
technology has the ability to relieve or remove some of the symptoms, but cannot
actually cure the underlying disease that has caused the formation of these plaques.
Rotational atherectomy was devised to improve upon existing percutaneous coronary
revascularisation procedures. Rather than increasing luminal diameter by arterial
stretching and plaque fracture as with balloon angioplasty, PTCRA debulks
atherosclerotic plaque with an abrasive, diamond-coated burr (Dill & Hamm 1997).
Rotational atherectomy debulks plaque and calcified lesions by reducing them to small
particles (approximately 5µm) that pass into the capillary circulation where they are
thought to be scavenged by the reticuloendothelial system. The device itself consists of a
brass burr coated with diamond chips measuring 30 to 120µm in diameter and welded to
a drive shaft. A burr of appropriate size is selected to match the diameter of the vessel
being treated. On rotation, the burr selectively removes hard tissue, with soft tissue being
deflected by the elastic recoil of normal segments of vessel.
Rotational atherectomy in Australia is usually performed in a tertiary setting by a qualified
cardiologist with an interest and experience in PTCRA. The procedure takes
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approximately 20 minutes once the PTCRA equipment has been set up and the
appropriate guidewire passed through the stenosis under fluoroscopic guidance.

Intended purpose
Rotational atherectomy is intended for patients suffering from coronary artery lesions
requiring revascularisation. Most patients referred for coronary revascularisation have
significant functional disability. This evaluation examines the role of adjunctive PTCRA
for coronary revascularisation with particular reference to non-complex lesions, complex
coronary lesions, in-stent restenosis and lesions refractory to or contraindicated for
coronary angioplasty.

Clinical need and burden of disease
Coronary heart disease is Australia’s greatest health problem. It was responsible for 29
per cent of all deaths in Australia in 1999 (AIHW 2000). In 1993/94, data showed that
cardiovascular disease accounted for the largest financial burden on the health care
system – $3.9 billion or 12.5 per cent of total health system costs. Cardiovascular disease
accounted for 22 per cent of disease burden in Australia in 1996, 33.1 per cent of
premature mortality and 8.8 per cent of years of equivalent “healthy” life lost through
disease, impairment and disability (AIHW 2000). Coronary heart disease is also the
largest cause of cardiac-related hospital admissions for both males and females. Those
aged over 55 years are at the greatest risk of admission regardless of their cardiac
condition or gender.
Coronary artery bypass graft (CABG) surgery was first performed in Australia in 1970.
Its use has grown since inception, particularly in the last two decades. While the majority
of all CABG procedures bypass blockages or lesions within the coronary arteries, CABG
surgery often needs to be performed when lesions previously treated with other
modalities, such as angioplasty, develop restenosis. In Australia in 1998, 76 cardiac
surgeons operating in 50 units throughout Australia, performed 17,448 CABG
procedures (Davies & Senes 2001).
Percutaneous transluminal coronary angioplasty (PTCA) was introduced as a treatment
option to Australian cardiac surgeons in the early 1980s. The use of PTCA has increased
as minimally invasive surgical options become increasingly available to treat
atherosclerotic lesions. Stenting was the third major cardiac intervention to be introduced
a decade later in the early 1990s. As with the other two modalities, the use of stents has
increased greatly since their introduction. In Australia in 1999, stents were inserted into
92 per cent of patients undergoing PTCA. That same year, 122 cardiologists, operating in
57 interventional cardiology units throughout Australia, performed 19,444 PTCA
procedures (Davies & Senes 2002).
In addition to the adjunctive use of stents with PTCA, adjunctive ablative modalities,
known collectively as atherectomy, are used when appropriate. These include directional
coronary atherectomy, extraction coronary atherectomy, percutaneous transluminal
coronary rotational atherectomy (PTCRA) and laser techniques. In Australia in 1999,
cardiologists trained in PTCRA performed a total of 260 PTCRA procedures (Davies &
Senes 2002).
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Recent figures (de Looper & Bhatia 2001) indicate the annual number of CABG
procedures is reaching a plateau of about 17,500 per year after rising during the late
1980s and early 1990s. The annual number of PTCA procedures has been rising in a
linear fashion since 1988 while those for stent implantation have been rising
exponentially since 1993. These trends are shown in Figure 1 and Table 3.
20
CABG
PTCA
Stent implantation

Number of procedures (x 1,000)

18
16
14
12
10
8
6
4
2
0

1988

1990

1992

1994

1996

1998

Year

Figure 1

Table 3

*
†

Procedures for coronary heart disease 1988–1998 (de Looper & Bhatia 2001).

Procedures for coronary heart disease 1988–1998 (de Looper & Bhatia 2001).
1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

1998

CABG

8,786

10,531

11,381

12,649

12,935

14,638

16,465

17,150

17,759

17,377

17,448

PTCA

3,153

4,219

4,904

5,726

6,748

8,334

9,732

11,348

13,853

15,918

18,094

Stent
use

-

-

-

-

-

255

896

2,517

6,146

11,361

14,838

Abbreviations: CABG=coronary artery bypass graft; PTCA=percutaneous transluminal coronary angioplasty.
The following ICD-9-CM codes were used: CABG, 36.1; PTCA, 36.01, 36.02, 36.06, 36.07; Stent implantation, 36.06, 36.07.
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The proportion of PTCA procedures that involve stent implantation have been steadily
increasing since 1993 (Figure 2).
100

Percentage

80

60

40

20

0
1993

1994

1995

1996

1997

1998

Year

Figure 2

Percentage of percutaneous transluminal coronary angioplasty involving stent
implantation, 1993-1998 (de Looper & Bhatia 2001).

In contrast, both the absolute number and proportion of atherectomies (including
PTCRA and other modalities, Table 4) have been variable although there is the potential
for large increases (Senes & Davies 1999, Davies & Senes 2001).

Table 4
Year

Frequency distribution of rotational atherectomy procedures, 1993-1996, 1998-1999
(Senes & Davies 1999, Davies & Senes 2001, Davies & Senes 2002).*
PTCRA
Frequency

All Atherectomies†
Percentage
of all PTCA

Frequency

Percentage
of all PTCA

1993

117

1.4

195

2.3

1994

167

2.0

255

3.1

1995

132

1.5

159

1.8

1996

147

1.5

153

1.6

1997

-

-

-

-

1998

358

3.4

365

3.4

1999

260

2.0

272

2.1

*Abbreviations: PTCRA=percutaneous transluminal coronary rotational atherectomy;
PTCA=percutaneous transluminal coronary atherectomy.
†
Includes directional atherectomies and transluminal extraction catheters.
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Estimates of the number of revascularisation procedures claimed under the Medicare
Benefits Scheme for calendar years 1997 to 2000 are shown in Table 5.
Table 5
Item
number

Myocardial revascularisation techniques - Medicare Benefits Schedule services
rendered 1997–2000 (HIC 2001).
Number of Medicare Benefits Schedule services
Item description

1997

1998

1999

2000

2,100

1,477

1,269

1,101

35304

Transluminal balloon angioplasty of 1
coronary artery, percutaneous or by open
exposure.

30305

Transluminal balloon angioplasty of more
than 1 coronary artery, percutaneous or by
open exposure.

233

134

110

115

35310

Transluminal stent insertion including
associated balloon dilatation for coronary
artery, percutaneous or by open exposure,
excluding associated radiological services
and preparation, and excluding aftercare.

5,480

7,305

8,044

9,473

38496

Artery harvesting (other than internal
mammary), for coronary artery bypass

2,264

2,656

2,457

2,653

38497

Coronary artery bypass using saphenous
vein graft or grafts only, including
harvesting of vein graft material where
performed

945

816

700

601

38500

Coronary artery bypass using single
arterial graft, with or without vein graft or
grafts, including harvesting of internal
mammary artery or vein graft material
where performed

3,765

3,196

3,172

2,965

38503

Coronary artery bypass using 2 or more
arterial grafts, with or without vein graft or
grafts, including harvesting of internal
mammary artery or vein graft material
where performed

2,785

3,071

2,858

3,005
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Existing procedures and comparators
The choice of intervention for coronary artery disease varies according to: lesion type
and location; operator skill, preference and availability; and the ability of a patient to cope
with a particular treatment. Many of the devices or procedures are often used at the same
time according to the severity and location of the occluded arteries. Two of the most
dominant forms of therapy for myocardial revascularisation in Australia have been
CABG and PTCA. This review compares PTCRA to PTCA alone and with CABG.
Coronary artery bypass grafting

Coronary artery bypass grafting (CABG) is a procedure where a section of vein, artery or
synthetic tube is grafted between the aorta and a coronary artery distal to an obstructive
lesion in its lumen. The two most common conduits used are the greater saphenous vein
and the internal mammary artery. The conduit used depends on several factors including
patient age, health status and location of the blockage. Figure 3 shows how these
different conduits are placed. While the average number of grafts that patients receive is
3.0, only 3.85 per cent of patients are receiving CABGs for a single coronary artery
blockage without a concomitant procedure (Davies & Senes 2001).

Figure 3

8

Use of conduits in coronary artery bypass surgery (Illustration by Mitchell
Christensen, reprinted with permission from ViaHealth).
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Percutaneous transluminal coronary angioplasty

Percutaneous transluminal coronary angioplasty (PTCA) is currently one of the most
common minimally-invasive coronary procedures currently being performed in Australia
and, as such, was selected as one of the comparators for this study. PTCA involves
inserting a catheter with a balloon into a major artery via the skin. The catheter is
threaded through the circulation back towards the heart and into the coronary arteries to
the area of the vessel blockage. The balloon is then inflated against the plaque to create a
wider passage for blood flow (Davies & Senes 2001). Contraindications to angioplasty
include proximal left anterior descending lesions, left main disease, long segments of
disease which would be difficult to get a balloon catheter across, chronic occlusions,
circumferential lesions, heavily calcified lesions, bifurcations and the appearance of liquid
cholesterol which may embolise (Baumgartner 1999).
Stent placement

The two main categories of stents are balloon-expandable and self-expandable. Balloonexpandable stents are of rigid stainless steel crimped onto an angioplasty balloon and
deployed by balloon inflation. The self-expanding model is deployed by passing the
delivery catheter over a guide wire and withdrawing a covering sheath (Schneider 1998).
The delivery of the stent to the stenosed site is identical to that used in balloon
angioplasty.
Transluminal extraction catheter

The transluminal extraction catheter (TEC) is a percutaneously-introduced flexible tube
that tracts over a steerable 0.014-inch guide wire and through a 10.5F guiding catheter to
the coronary artery lesion (Pavlides et al. 1992). Like the PTCRA system, the TEC is nonocclusive, working by rotational cutting without balloon inflation.
Directional coronary atherectomy

Directional coronary atherectomy (DCA) is a technique by which a catheter with a small
mechanically-driven cutter shaves plaque and stores it in a collection chamber. The
plaque is then removed from the device when it is withdrawn.
Like the PTCRA system, DCA allows for the differential cutting of atherosclerotic
lesions from coronary arteries. Directional atherectomy can be used as a stand-alone
procedure or as an adjunct to balloon angioplasty or other related procedures. In
common with other catheter based intervention systems, the DCA catheter is introduced
via the right or left femoral artery depending upon the target area in the heart.
Local intracoronary radiotherapy (brachytherapy)

Intracoronary radiotherapy involves treating coronary stenosis with a radioactive source
from within the artery (Sheppard & Eisenberg 2001). The radiation is believed to inhibit
the cellular proliferation that causes obstruction of the vessel. The implantation of a
radioactive stent and the catheter-based delivery of radioactive seeds are two of the
available techniques (Sheppard & Eisenberg 2001). The United States’ FDA has recently
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approved two devices for the delivery of radiation to coronary arteries but only for use
after percutaneous revascularisation of coronary arteries with in-stent restenosis, using a
catheter-based delivery method (Sapirstein et al. 2001).

Marketing status of the device
The Therapeutic Goods Administration (TGA) has listed Boston Scientific Corporation’s
rotational atherectomy device (Rotablator®) and console under AUST L53295 and the
burr under AUST L53286.

Current reimbursement arrangement
There is currently no specific Medicare Benefits Schedule (MBS) item number for
PTCRA.
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Approach to assessment
Review of literature
This review applies techniques derived from the National Health and Medical Research
Council (NHMRC 2000), the Cochrane Collaboration (Clarke & Oxman 2000), the
Quality of Reporting of Meta-analysis (QOROM) group (Moher et al. 1999) and the
Centre for Reviews and Dissemination at the University of York (Kahn et al. 2001).
The evaluation sought to answer the following questions:
•

What is the evidence for safety of PTCRA compared to PTCA?

•

In patients with non-complex lesions of the coronary arteries, what is the
evidence for effectiveness of percutaneous transluminal coronary rotational
atherectomy (PTCRA) compared to percutaneous transluminal coronary
angioplasty (PTCA)?

•

What is the evidence for effectiveness of PTCRA compared to PTCA in patients
with complex lesions of the coronary arteries defined by presence of calcified,
bifurcation, ostial, or long or diffuse lesions, and chronic total occlusions?

•

What is the evidence for effectiveness of PTCRA compared to PTCA in patients
with lesions arising from in-stent restenosis?

•

What is the evidence for effectiveness of PTCRA in patients with lesions
refractory to PTCA?

•

If an adequate profile of the safety and effectiveness of the procedure is
determined, what is the evidence for the cost-effectiveness of i) PTCRA
compared to PTCA in general and within the identified subgroups; and ii)
PTCRA in patients with lesions refractory to PTCA?

•

What is the evidence for effectiveness and cost-effectiveness of PTCRA
compared to CABG surgery?

The primary outcome measures of interest were restenosis rates at specific durations of
follow-up of at least six months and the incidence of major adverse cardiac events
(MACE) including death, Q-wave myocardial infarction (MI) and emergency surgery.
Lesion complexity was defined according to the modified AHA/ACC criteria. Type A
lesions were classified as non-complex lesions. Type B1, B2 or C lesions were classified as
complex lesions. Chronic total occlusions (complete blockage of flow in an artery for
longer than three months) are Type C lesions according to the criteria.
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Literature search

The biomedical literature was searched to identify relevant studies and reviews for the
period between 1966 to March 2001. Table 6 lists the electronic databases accessed in the
search.
Table 6

Electronic databases (including edition) accessed in the review.

Database

Period Covered

Best Evidence (Ovid)

1991 to January/February 2001

Biological Abstracts (Ovid)

1980 to December 2000

CINAHL (Ovid)

1982 to February 2001

Cochrane Library including: the Cochrane Database of Systematic Reviews,
the Database of Abstracts of Reviews of Effectiveness, the Cochrane
Controlled Trials Register, Health Technology Assessment Database, and the
NHS Economic Evaluation Database

Issue 1, 2001

Current Contents (Ovid)

1993 Week 26 to 2001 Week 14

EMBASE (Ovid)

1980 to 2001 Week 10

HealthSTAR

1975 to March 2001

Medline (Ovid)

1966 to December 2000

National Guidelines Clearinghouse

March 2001

A sensitive search strategy was applied in order to widen the selection of potentially
relevant articles, with the expectation of an increase in the number of potentially
irrelevant articles identified by the strategy (Haynes et al. 1994a, Haynes et al. 1994b).
A search strategy was parsimoniously derived from numerous pilot searches of the
electronic literature and refined iteratively. The final strategy is shown in Table 7.
Table 7

*

Refined search strategy and its implementation in selected electronic databases.*

Strategy

Database

((atherectom$ AND rotat$).mp OR (rotablat$.mp))

Ovid databases

((atherectom* AND rotat*) OR rotablat*)

Cochrane Library

((CABG OR bypass) AND (rotablat$.mp))

Ovid databases

((CABG OR bypass) AND (rotablat*))

Cochrane Library

Electronic databases apply different characters as “wildcard” symbols. These symbols refer to characters or groups of characters that appear in the
terminus of a word fragment. For the Ovid databases, the wildcard character is the dollar sign (“$”); the Cochrane Library uses the asterisk (“*”). In
this case, “atherectom$” expands to “atherectomy”, “atherectomies”, etc.

Electronic searching included the Internet sites of health technology assessment groups
(listed in Appendix D), professional medical organisations, medical centres, health
service providers and relevant national and international government agencies. Data
provided by the manufacturer of the device were included where relevant, but
confirmation of the information was sought from independent sources.
Textbooks and book chapters were assessed, as were conference proceedings and
collections of abstracts. Reference lists of publications were scanned and relevant
citations retrieved. Where feasible or necessary, authors were contacted to provide
additional information.
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Entry criteria

Collected citations were filtered through a multi-level review involving a team with skills
in clinical medicine, public health, health informatics, basic science, clinical epidemiology
and biostatistics. Articles were excluded if they met the following criteria:
•

Pre-clinical studies involving in vitro experiments, animals, isolated human organs
or cadavers;

•

Focus of the study was not rotational atherectomy for lesions of the coronary
arteries in the context of a comparative design (e.g. studies using the technology
on the peripheral vasculature);

•

Studies enrolling less than 10 subjects;

•

Case reports or case series if higher-level evidence is available;

•

Non-systematic reviews, opinions published as editorials to letters to the editor
and descriptive studies; and

•

Articles that included data published in later studies.

No restrictions were placed on dates, languages, publication types or population
characteristics.

Percutaneous transluminal coronary rotational atherectomy
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Review profile

A total of 586 studies were identified by the search. Of these, 219 (37.4 per cent) were
excluded on the basis of the criteria previously defined. The remaining 367 articles were
retrieved for more detailed evaluation. These included articles that did not provide
enough preliminary information to make a decision about inclusion or exclusion (i.e. due
to an unclear or missing abstracts, uninformative titles, etc.). Detailed evaluation of
articles necessitated assessment of the full text. A final decision about entry was made by
consensus between two independent reviewers.
Potentially relevant studies identified
and screened for retrieval (n=586)

Studies excluded (n=246)
Studies retrieved for full-text
evaluation (n=340)
Studies excluded (n=288): No comparisons with other technologies (27); no
specific data for PTCRA (7); descriptive studies (4); case reports (48); case series
(107); narrative reviews or opinion pieces (95).
Studies included in the systematic
review (n=52)

Figure 4

Flow diagram summarising the results of the literature search and the
application of entry criteria.

Of the 367 citations requiring full text assessment, 315 (85.8 per cent) were excluded.
These studies are listed in Appendix E. The remaining 52 studies provide the basis of
this review. Study flow is described in Figure 4.
Data extraction

The review extracted data from the included articles using a standardised instrument
created for this assessment. In some cases, quantitative information was poorly
presented. In these instances, every effort was made to apply statistical techniques to
derive estimates of effect size or variability if enough information was available.
Otherwise, a statement indicating the paucity of primary information was made. Two
independent reviewers examined each article. Discrepancies in evaluation were discussed
and resolved through consensus.
Dimensions of evidence

The NHMRC recommends that evidence assessment move toward an evaluation of
specific “dimensions” (NHMRC 2000). These dimensions (Table 8) consider important
aspects of the evidence supporting a particular intervention and include three main
domains: strength of the evidence, size of the effect and relevance of the evidence. The
first domain is derived directly from the literature identified as informing a particular
intervention. The last two require expert clinical input as part of its determination.
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Table 8

Evidence dimensions (NHMRC 2000)

Type of evidence

Definition

Strength of the evidence:

*

Level

The study design used, as an indicator of the degree to which bias has been eliminated by
design.*

Quality

The methods used by investigators to minimise bias within a study design.

Statistical precision

The p-value or, alternatively, the precision of the estimate of the effect. It reflects the degree
of certainty about the existence of a true effect.

Size of effect

The distance of the study estimate from the “null” value and the inclusion of only clinically
important effects in the confidence interval.

Relevance of evidence

The usefulness of the evidence in clinical practice, particularly the appropriateness of the
outcome measures used.

See Table 9.

The strength of the evidence is composed of three sub-domains. Previous assessments
concentrated only on the first of these, the level of evidence (NHMRC 1999). Table 9
lists the designations recommended by the NHMRC.
Table 9

Designations of levels of evidence (NHMRC 2000)*

Level of Evidence

Evidence obtained from a systematic review of all relevant randomised controlled trials.

II

Evidence obtained from at least one properly-designed randomised controlled trial.

III-1

Evidence obtained from well-designed pseudorandomised controlled trials (alternate allocation
or some other method).

III-2

Evidence obtained from comparative studies (including systematic reviews of such studies)
with concurrent controls and allocation not randomised, cohort studies, case-control studies,
or interrupted time series with a control group.

III-3

Evidence obtained from comparative studies with historical control, two or more single arm
studies, or interrupted time series without a parallel control group.

IV
*

Study Design

I

Evidence obtained from case series, either post-test or pre-test/post-test.

Modified from NHMRC (1999).

The assessment of quality, another important sub-domain, was based on characteristics
known to reflect important aspects of study design (Schulz et al. 1995, Jadad et al. 1996).
Table 10 summarises these characteristics and the ordinal scale used in the assessment.
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Table 10

Study design characteristics used to assess the methodologic quality

Randomisation
Adequate

Method of allocation is random, such as computer-generated number sequences and
tables of random numbers.

Unclear

Trials in which the authors failed to describe the method of randomisation with enough
detail to determine its validity.

Inadequate

Method of allocation is non-random, such as alternation methods or the use of case
numbers.

Concealment of allocation
Adequate

Adequate measures to conceal allocations such as central randomisation; serially
numbered, opaque, sealed envelopes; or other descriptions that contain convincing
elements of concealment.

Unclear

Unclearly concealed trials in which the author failed to describe the method of concealment
with enough detail to determine its validity.

Inadequate

Method of allocation is not concealed.

Masking

Masking strategy applied (single, double, etc.).

Participant inclusion

Intention to treat analysis was performed.

Losses to follow-up

Losses specified.

Assessment of heterogeneity

The review used a two-stage process to examine the heterogeneity of treatment effects.
Firstly, the clinical and epidemiological attributes were examined to establish whether
they were sufficiently similar to justify statistical pooling. If this was the case, the second
stage of assessment of heterogeneity moved on to statistical analysis. The review used the
Cochran Q statistic (Cochran 1954) to test the hypothesis that the reported treatment
effects for each indication were equal. The Q statistic is known to have low power in
detecting heterogeneity (Boissel et al. 1989). For this reason, the review specified a Type I
error rate (the probability of detecting a difference when one is not present) of ten per
cent (α=0.10) for this test (Fleiss 1986). All statistical analyses were performed using
STATA version 7.0 (Stata Corporation, College Station, Texas, USA).
Conduct of meta-analysis

When the degree of homogeneity was acceptable on statistical and clinical grounds,
summary estimates of odds ratios and weighted mean differences was derived using a
random-effects model (DerSimonian & Laird 1986). The review checked the robustness
of the summary estimate by performing sensitivity analyses. Standard statistical
convention was followed and a Type I error rate was assumed for all analyses at five per
cent (α=0.05). Results are presented in means (standard deviations [SD]) or frequencies
(percentages), as noted.

Expert advice
A supporting committee with expertise in interventional cardiology, vascular surgery,
cardiac surgery, internal medicine, general practice and consumer issues was established
to evaluate the evidence and provide advice to MSAC from clinical and health consumer
perspectives. In selecting members for supporting committees, MSAC’s practice is to
approach the appropriate medical colleges, specialist societies and associations for
nominees. Membership of the supporting committee is provided at Appendix B.
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Results of assessment
Is it safe?
The difficulty of estimating the incidence of complications following PTCRA is due to
the paucity of information from well-designed, long-term prospective cohort studies or
randomised controlled trials. Case series that report the experience of single centres have
limited value given the unquantifiable, but potentially substantial, problems of strong
selection bias, unclear catchment areas, limited sample sizes and variations in the
definitions used (Kaufmann & Meyer 1995).
Registries are now being established as central repositories for specific information about
all procedures occurring within a geographic area. This is a positive development but
does not totally rule out the presence of these methodological problems. Some
information has been derived from such registries. The New Approaches to Coronary
Intervention (NACI) registry is sponsored by the US National Heart, Lung, and Blood
Institute (NHLBI) and has demonstrated the potential for such databases to generate
hypotheses that may be tested in subsequent trials (Baim et al. 1994). Industry-sponsored
registries are also available (Stertzer et al. 1993, Reisman & Buchbinder 1994).
Rotational atherectomy is associated with similar complications as those seen in other
interventional cardiology procedures. Vasospasm involving the coronary arteries, which
may manifest as transient ischaemic chest pain (with or without electrocardiographic
changes), occurs often.. During procedures that involve the right coronary, circumflex
and ostial left anterior descending arteries, other potential complications may occur
including bradycardia, atrioventricular block or asystole (Reisman & Buchbinder 1994,
Ramsdale et al. 1995). In-stent restenosis is another complication which may lead to a
poorer safety outcome.
As with standard interventional cardiology procedures, safety issues regarding PTCRA
are most likely to become evident within 24 hours of the procedure. Because of this, one
should consider whether the major adverse cardiac events (MACE), discussed below,
represent: a) safety aspects of PTCRA if they do not occur within the first 24 hours of
the procedure; or b) outcomes associated with underlying cardiac disease and treatment
with interventional procedures. Outcomes examined more than one week after PTCRA
are unlikely to be related to the procedure itself and most likely are associated with
underlying pathology, comorbidity or tissue response to the procedure itself (e.g. similar
to restenosis following standard angioplasty).
The evidence presented and discussed below examines MACE in relation to extended
hospital stay until discharge. Some caution should be exercised when considering
whether or not the types of MACE assessed are relevant to the safety aspects of the
PTCRA procedure.
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Evidence from randomised controlled trials
Major adverse cardiac events

Major adverse cardiac events defined as myocardial infarction, emergency CABG or
death were reported by all studies as in-hospital events (Table 11) and by a subset during
follow-up (Table 13).
Table 11

Incidence of in-hospital major cardiac adverse events (MACE) in trials examining the
effectiveness of PTCRA with adjunctive PTCA versus PTCA alone.*
PTCRA-PTCA

†
‡

Comb
MACE

Total No. of
Subjects

MI

Emergency
CABG

Comb
MACE

Total No. of
Subjects

---

---

---

29

170

---

---

---

27

194

Dill et al. 2000

6

6

1

---†

252

4

3

4

---†

250

Eltchaninoff et al.
1997

0

0

0

0

26

1

0

0

1

26

Reifart et al. 1997

3

2

2

7

231

4

1

2

6

222

---

---

---

3

222

---

---

---

0

220

Guerin et al. 1996

1

0

0

---†

32

1

2

0

---†

32

Danchin et al.
1995

0

1

0

1

50

0

0

0

0

50

Reisman et al.
1997‡

*

Emergency
CABG

Death

Buchbinder et al.
2000

MI

Death

Study

PTCA Alone

Abbreviations: CABG=coronary artery bypass grafting; MACE=major adverse cardiac events; MI=myocardial infarction; PTCA=percutaneous
transluminal coronary angioplasty; PTCRA=percutaneous transluminal coronary rotational atherectomy; comb = combined.

Not reported as a composite end point.
Omitted in statistical summaries of safety due to heterogeneity in population characteristics.

As a composite end point, MACE was reported by five studies (Danchin et al. 1995,
Eltchaninoff et al. 1997, Reifart et al. 1997, Reisman et al. 1997, Buchbinder et al. 2000).
The study by Reisman et al. (1997) was omitted due to the heterogeneity of the study
population. Rotational atherectomy with adjunctive angioplasty was not associated with a
statistically significant increase in the risk of in-hospital MACE compared to angioplasty
alone (risk ratio [RR]=1.20; 95% confidence interval [CI]=0.78, 1.85; p=0.410; Figure 5).
No substantial statistical heterogeneity was detected (Q=0.98; df=3; p=0.807).
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Risk ratio
(95% CI)

Study

% Weight

Buchbinder 2000

1.23 (0.76,1.98)

80.2

Eltchaninoff 1997

0.33 (0.01,7.82)

1.9

Reifart 1997

1.12 (0.38,3.28)

16.1

Danchin 1995

3.00 (0.13,71.92)

Overall (95% CI)

1.20 (0.78,1.85)

.01

Figure 5

.1

1

1.8

10
100
Risk ratio

Risk of major adverse cardiac events during the in-hospital period in patients
receiving PTCRA with adjunctive PTCA versus PTCA alone.

Aspects of MACE were separated in order to determine whether the technology was
preferentially affecting a particular outcome. The definition of myocardial infarction used
in each of the studies is shown in Table 12. All three studies (Danchin et al. 1995, Reifart
et al. 1997, Dill et al. 2000) that defined the event used a definition with at least two
components: serum creatine kinase and electrocardiographic findings. Reifart et al. (1997)
and Danchin et al. (1995) both required a rise in creatine kinase of twice the normal level
while Dill et al. (2000) used a level that was three times the normal limit. Danchin et al.
(1995) also included prolonged chest pain in the definition. Eltchaninoff et al. (1997) and
Guerin et al. (1996) failed to specify the definition of the end-point used.
Table 12

Definitions of myocardial infarction used in trials examining the effectiveness of
PTCRA with adjunctive PTCA versus PTCA alone.

Study

Definition of Myocardial Infarction

Dill et al. 2000

Rise in creatine kinase of more than three times the normal limit in the presence of Q waves.

Eltchaninoff et al. 1997

Not stated. Standard 12-lead electrocardiogram and serial measurement of total and MB fraction
of creatine kinase was performed while in hospital.

Reifart et al. 1997

New Q waves in two or more contiguous leads and a creatine kinase elevation of two or more
times the upper limit of normal and/or elevated creatine kinase-MB fraction to at least twice the
upper limit of normal.

Guerin et al. 1996

Not stated. Electrocardiographic descriptors used.

Danchin et al. 1995

At least two of: 1) chest pain of prolonged (>20 minutes) duration; 2) new ST-segment elevation
or depression (>1 mm in ≥2 leads) or Q wave on the post-procedural electrocardiogram; and 3)
an increase in creatine kinase values greater than twice the upper limit of normal.
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Figure 6

Risk of myocardial infarction in the in-hospital period in patients receiving
PTCRA with adjunctive PTCA versus PTCA alone.

Assuming there is little clinical dissimilarity in the variations in the definitions used, the
estimate of the pooled effect shows no statistically significant differences in the rates of
myocardial infarction between the two groups (RR=1.00; 95% CI=0.42, 2.37; p=0.993;
Figure 6) with no statistically significant heterogeneity present (Q=1.04; df=3; p=0.792).
Results from Danchin et al. (1995) were excluded because no outcomes were reported.
Rotational atherectomy with adjunctive PTCA was associated with a non-statistically
significant 56 per cent increase in the risk of emergency CABG during the in-hospital
period compared to PTCA alone (RR=1.56; 95% CI=0.55, 4.44; p=0.405; Figure 7).
While statistical heterogeneity was not present (Q=2.15; df=3; p=0.542) the study by
Guerin et al. (1996) seems to indicate a protective effect induced by the PTCRA-PTCA
combination (although, admittedly, the study was small). Analysis excluding this study
did not substantially affect the results (data not shown). Results from Eltchaninoff et al.
(1997) were excluded because no outcomes were reported.

Figure 7
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Risk of emergency CABG in the in-hospital period in patients receiving PTCRA
with adjunctive PTCA versus PTCA alone.
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The risk of in-hospital mortality was reduced by about half in the group receiving
PTCRA-PTCA compared to those receiving PTCA alone, although the result failed to
reach statistical significance (RR=0.53; 95% CI=0.12, 2.26; p=0.388; Figure 8).
Trial-specific results for major adverse cardiac events (MACE) at six months of followup are presented in Table 13 for the subset of studies that reported these end points. In
determining the composite end point MACE, Reifart et al. (1997) included the number of
repeat surgical and non-surgical interventions. It is unclear whether the authors counted
all interventions (which could conceivably occur more than once in a single subject)
towards the total or whether an indicator variable was used (to specify the presence of
any intervention regardless of the total number received).

Figure 8

Table 13

Risk of death in the in-hospital period in patients receiving PTCRA
with adjunctive PTCA versus PTCA alone.

Incidence of major cardiac adverse events at six months of follow-up in trials
examining the effectiveness of PTCRA with adjunctive PTCA versus PTCA alone.*
PTCRA-PTCA
Emergency
CABG

Dill et al. 2000

1

9

0

Reifart et al. 1997

5

15

5

Comb
MACE

---†
94‡

Total No. of
Subjects

MI

Emergency
CABG

Death

MI

Death

Study

PTCA Alone
Comb
MACE

Total No. of
Subjects

210

0

13

0

---

213

205

5

12

7

70‡

191

*

Abbreviations: CABG=coronary artery bypass grafting; MACE=major adverse cardiac events; MI=myocardial infarction; PTCA=percutaneous
transluminal coronary angioplasty; PTCRA=percutaneous transluminal coronary rotational atherectomy; comb = combined.

†
‡

Not reported as a composite end point.
Includes repeat non-surgical and surgical intervention in composite end point.
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Rotational atherectomy with adjunctive PTCA was associated with a 25 per cent increase
in the risk of major adverse cardiac events at six months (Table 14). The increase was of
borderline statistical significance. The incidence of myocardial infarction, emergency
CABG and death were not significantly different between the groups, but the point
estimate of the last outcome showed some capacity for a protective effect by PTCRA.
Table 14

Estimates of the relative risk of specific outcomes at six months of follow-up in
patients receiving PTCRA with adjunctive PTCA versus PTCA alone.*
Number
of
Studies

Outcome

Risk Ratio
Point Estimate
(95% CI)

Heterogeneity
p-value

Q

df

p-value

Myocardial Infarction

2

1.08 (0.34, 3.40)

0.890

0.46

1

0.497

Emergency CABG

2

0.93 (0.54, 1.61)

0.803

0.80

1

0.370

Death

1

0.66 (0.21, 2.06)

0.480

-

-

-

MACE †

1

1.25 (0.98, 1.59)

0.066

-

-

-

*

Abbreviations: CABG=coronary artery bypass grafting; CI=confidence interval; df=degrees of freedom; MACE=major adverse cardiac events;
Q=Cochran Q statistic for heterogeneity.

†

Includes repeat non-surgical and surgical intervention in composite end point.

Patients undergoing PTCRA are nine times as likely to experience a vascular spasm, four
times as likely to experience a perforation and about twice as likely to have transient
vessel occlusions (Table 15). Both angiographic dissections and the use of stents as a
bailout procedure were less common in the group receiving PTCRA. Admittedly, for
some outcomes, the 95 per cent confidence intervals of the point estimates include 1.0.
However, these same intervals include clinically-relevant risks that would benefit from
further investigation.
Table 15

Incidence of adverse events in trials examining the effectiveness of PTCRA with
adjunctive PTCA versus PTCA alone.*

Adverse
Outcome

Pooled Effect Estimates and Heterogeneity
Risk Ratio
(95% CI)

Heterogeneity
(Q; df; p-value)

Attributable Risk
per 100 (95% CI)

References

Heterogeneity
(Q, df, p-value)

Events of primary importance
Perforation

3.58
(0.59, 21.73)

0.03; 1; 0.872

0.32(-0.46, 1.11)

2.70;
2; 0.259

Dill et al. 2000, Reifart et
al. 1997, Reisman et al.
1997

Angiographic
Dissection

0.49
(0.33, 0.74)

0.98; 2; 0.612

-6.82(-11.36, -2.28)

2.56;
2; 0.278

Eltchaninoff et al. 1997,
Reifart et al. 1997,
Reisman et al. 1997

Bailout Stenting

0.38
(0.22, 0.65)

0.57; 2; 0.753

-3.77(-9.77, 2.23)

24.13;
2; <0.001

Dill et al. 2000, Reifart et
al. 1997, Reisman et al.
1997

Events of secondary importance

*

Vascular Spasms

9.23
(4.61, 18.46)

0.98; 2; 0.614

13.54(5.30, 21.80)

10.31;
2; 0.006

Dill et al. 2000, Reifart et
al. 1997, Guerin et al.
1996

“Slow/No Flow”

5.10
(1.69, 15.40)

2.54; 2; 0.281

4.14(-1.49, 9.79)

23.87;
2; <0.001

Dill et al. 2000, Reifart et
al. 1997, Reisman et al.
1997

Transient Vessel
Occlusion

2.28
(1.00, 5.19)

0.65; 2; 0.721

1.94(-1.12, 5.00)

4.08;
2; 0.130

Dill et al. 2000,
Eltchaninoff et al. 1997,
Reifart et al. 1997

Abbreviations: AV=atrioventricular; df=degrees of freedom; MI=myocardial infarction; Q= Cochran Q statistic for heterogeneity.

“Slow flow” or “no flow” is an adverse outcome that is recognised by the reduction or
absence of antegrade blood flow distal to a specific segment not attributable to abrupt
closure, high-grade stenosis or spasm of the target lesion (Abbo et al. 1995). Reisman and
Buchbinder (1994) suggested this might be due to a large plaque burden being delivered
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to the distal vascular bed by the ablative action of the device. Patients undergoing
PTCRA experienced this outcome five-times more often than those undergoing PTCA.
The refinement of technology, the continued development of technique and the use of
adjunctive medications have made the presence of vascular spasms, slow/no flow
phenomena and transient vessel occlusions manageable or avoidable. Although beyond
the scope of this evaluation, results from published studies that have examined
procedural aspects of the device (i.e. burr speed, adjunctive drugs, procedural time, etc.)
have led to reductions in the severity and incidence of these events.
Evidence from comparative studies

In a prospective design that used angiographically-confirmed cases of no flow, Abbo et
al. (1995) estimate the incidence of the condition to be about eight in 104 subjects, or
about 7.69 per cent (95% CI=3.38, 14.60) for PTCRA compared to 0.32 per cent (95%
CI=0.21, 0.45) for PTCA. Of the eight subjects who received PTCRA and who
subsequently experienced no flow, five resolved completely.
Transient wall motion abnormality as an indicator of regional myocardial dysfunction
was found to be more common following PTCRA compared to PTCA (Williams et al.
1996). In spite of the similar cumulative ischaemic time for the patients undergoing both
procedures, PTCRA was associated with a lower rate of return to baseline function
(p=0.0001) and a longer recovery time (p=0.0001). Patients undergoing PTCRA who
went on to develop MI had longer burr times than those who did not develop an MI
[mean=4.7 (2.4) versus 3.0 (1.4) minutes; p=0.045].
Using the NACI registry, Waksman et al. (1996) reviewed the experience of 3,265
patients and reported that the odds of in-hospital MI (Q-wave and non-Q-wave) was
increased in PTCRA compared to transluminal extraction atherectomy (odds ratio
[OR]=2.44; 95% CI=1.28, 4.54), excimer lasers (OR=1.72; 95% CI=1.08, 2.78),
directional atherectomy (OR=1.05; 95% CI=0.68, 1.61) and Palmaz-Schatz stenting
(OR=1.69; 95% CI=0.95, 3.03), and after adjusting for known confounders.
Technical failures

Technical failures arise when there is inability of the device to perform its function due
to reasons arising from the characteristics of the lesion, mechanical problems with the
device or operator skill or technique. In the context of clinical trials, technical failure
often results in subjects crossing over from one treatment arm to another. The
experimental nature of the trial may be preserved by retaining original group assignments
in the analysis of results (the intention-to-treat principle, see Table 18). However, the
threshold above which even this technique is unable to cope with the extent of
crossovers is unknown, lending support to the general recommendation that such events
be kept to a minimum.
The pooled result of the comparative risk of technical failure from PTCRA compared to
PTCA does not suggest any statistically significant differences in the relative or absolute
risks (Table 16). There is a lack of evidence addressing the significance and relevance of
specific surrogate markers indicating the presence of minimal myocardial injury (e.g.
troponin elevation) and its relationship with PTCRA.
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Table 16

Incidence of technical failures in trials examining the effectiveness of PTCRA with
adjunctive PTCA versus PTCA alone.*
PTCRA-PTCA

*

PTCA Alone

Study

Number with
Technical
Failure

Total
Number of
Subjects

Number with
Technical
Failure

Total
Number of
Subjects

Dill et al. 2000

13

252

13

250

Eltchaninoff et
al. 1997

0

24

0

26

Reifart et al.
1997

7

231

15

Guerin et al.
1996

1

32

Danchin et al.
1995

10

Pooled Result

-

Relative Risk
(95% CI)

Absolute Risk
per 100
(95% CI)

0.99
(0.47, 2.10)
---

-0.04
(-3.92, 3.84)

222

0.45
(0.19, 1.08)

-3.73
(-7.70, 0.24)

1

32

1.00
(0.06, 15.30)

0.00
(-8.52, 8.52)

50

4

50

2.50
(0.84, 7.44)

12.00
(-1.40, 25.40)

-

-

-

0.98
(0.46, 2.10)

-0.57
(-3.90, 2.76)

0.00
(-7.48, 7.48)

Abbreviations: CI=confidence interval; PTCA=percutaneous transluminal coronary angioplasty; PTCRA=percutaneous transluminal coronary
rotational atherectomy.

In summary, the available evidence suggests that PTCRA with or without PTCA is no
more likely to result in death, Q-wave infarcts or emergency surgery compared to PTCA
alone either during the in-hospital period or within six months of the procedure. Patients
are also less likely to experience angiographic dissection or proceed to bailout stenting,
although minor complications such as temporary vessel spasm and slow flow are
increased. PTCRA of in-stent restenosis may have a poorer safety outcome than PTCA.
Perforation rates are not statistically significantly different from those associated with
PTCA, so it would appear the PTCRA is as safe as PTCA in the first 24 hours of the
procedure. However, there is insufficient data to conclude whether PTCRA is as safe as
PTCA in revascularising different types of coronary artery lesions.

Is it effective?
Descriptive characteristics of included studies

The literature search uncovered a total of 51 studies providing evidence about the
comparative effectiveness of rotational atherectomy. The ideal study design for assessing
the clinical effectiveness of a therapeutic procedure is a randomised controlled trial.
Sixteen such reports describing the results of 13 studies were identified; two studies were
reported twice in the literature. In addition, 36 comparative studies and case series
applying designs that were more prone to producing biased estimates of effect were
identified.
Sixteen reports of RCTs (NHMRC level II) were identified (Danchin et al. 1995, Guerin
et al. 1996, Jacksch et al. 1996, Eltchaninoff et al. 1997, Erbel et al. 1997, Niazi et al. 1997,
Reifart et al. 1997, Reisman et al. 1997, Sharma et al. 1999, vom Dahl et al. 1999b,
Buchbinder et al. 2000, Dill et al. 2000, Sharma et al. 2000, vom Dahl et al. 2000, Safian et
al. 2001, Whitlow et al. 2001). The information contained in the article by Erbel et al.
(1997) was repeated by Dill et al. (2000), and Sharma et al. (2000) and vom Dahl et al.
(2000) published updates of results presented in 1999. All subsequent discussions make
use of data presented in the latter reports. The study by Danchin et al. (1995) was a
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randomised crossover trial; only the results prior to the receipt of the second treatment
modality were used in this evaluation. Information from five RCTs was available in
abstract form only (Niazi et al. 1997, Reisman et al. 1997, Buchbinder et al. 2000, Sharma
et al. 2000, vom Dahl et al. 2000).
Except for the trial by Niazi et al. (1997), all RCTs were conducted in one of two
European countries (France and Germany) or the United States (Table 17). Of those
studies reporting dates of enrollment, patients were recruited in the early to mid-1990s.
One study described a recruitment process that was suspended for four months
(September to December 1992) due to the “market withdrawal of the Rotablator system”
(Reifart et al. 1997). No further information was given about the reasons for withdrawal
and recruitment proceeded ostensibly after the recall was rescinded. Dill et al. (2000)
reported an analysis of interim results during the course of the study indicated that, based
on statistical advice, enough information had already been accumulated so the study was
brought to a close.
Sample sizes were wide-ranging, although all enrolled at least 50 subjects. Overall, the
experiences of 3,885 patients were described. Participants had a mean age of between 55
and 65 years and all studies reported a preponderance of male subjects.
Table 17

Descriptive characteristics of randomised controlled trials.*

Study

Characteristics of the Study
Population†
Size

Age (years)
Mean (SD)

Sex Ratio
(M:F)

Followup

Safian et al. 2001

USA

‡

222

I=67 (10)
C=65 (10)

I=72:32
C=83:35

6 months

Whitlow et al. 2001

USA

‡

497

I=62.3 (10.6)
C=62.4 (11.2)

I=157:92
C=175:73

1 year

Buchbinder et al. 2000#

USA

‡

675

I=63.6
C=64.4

I=223:105
C=239:103

In-hospital

Dill et al. 2000

Germany

May 1992 to May
1996

502

I=61 (9)
C=62 (9)

I=185:67
C=186:64

6 months

vom Dahl et al. 2000#

Germany

‡

298

T=61 (11)

T=239:29

6 months

USA

‡

200

?

?

In-hospital

I=21:5
C=22:2

In-hospital

Sharma et al. 2000#
Eltchaninoff et al. 1997

France

‡

50

I=61 (11)
C=56 (11)

Niazi et al. 1997#

Saudi
Arabia

To Feb 1997

150

?

I=130:20
C=132:18

6 months

Germany

Oct 1991 to Aug
1992
Jan 1993 to Dec
1993

685

I=61.6 (10.0)
C(a)=62.5 (9.5)
C(b)=61.7 (8.8)

I=184:47
C(a)=180:42
C(b)=180:52

6 months to
1 year

USA

‡

442

?

I=135:87
C=154:66

?

Guerin et al. 1996

France

Apr 1992 to Sep
1993

64

I=64.6 (10.8)
C=63.3 (10.4)

I=25:7
C=23:9

6 months

Danchin et al. 1995¶

France

Jan 1991 to Dec
1992

100

I=57 (10)
C=58 (10)

I=42:8
C=43:7

In-hospital

Reifart et al. 1997§

Reisman et al. 1997#

*
†
‡
§
#
¶

Location

Dates of
Enrolment

Abbreviations: C=co mparison group; F=female; I=intervention group; M=male; SD=standard deviation; T=total group.
Information is given for intervention and comparison groups, where available. In one case (vom Dahl et al. 2000), total population figures are given.
Unstated, unclear or unknown.
C(a)=percutaneous transluminal coronary angioplasty, C(b)=excimer laser coronary angioplasty.
Available in abstract form only.
Randomised crossover trial. Primary results prior to crossing of therapies analysed.
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Components of the study design relating to the quality of the included studies are
presented in Table 18. The process of randomisation was adequately described in four
studies (Danchin et al. 1995, Guerin et al. 1996, Reifart et al. 1997, Dill et al. 2000), all of
which used computer-generated random sequences of numbers. However, only Reifart et
al. (1997) described the concealment process used. Inadequate randomisation and
concealment of allocation were found to be related to a 30 per cent over-estimation in
the measures of effect (Schulz et al. 1995).
Table 18

Methodological quality of randomised controlled trials.*
Randomisation

Conceal-ment
of Allocation

Masking

Participant
Inclusion

Losses to
Follow-up

Safian et al. 2001

Adequate

Adequate

Single

ITT

No losses

Whitlow et al. 2001

Unclear

Unclear

Unclear

ITT

15 at 6 mths

Buchbinder et al.
2000†

Unclear

Unclear

Unclear

Unclear

Unclear

Dill et al. 2000

Adequate

Unclear

Unclear

Unclear

74 at 6 mths

vom Dahl et al.
2000†

Unclear

Sharma et al. 2000†

Unclear

Unclear

Unclear

Unclear

Unclear

Eltchaninoff et al.
1997

Unclear

Unclear

Single

Unclear

No losses

Niazi et al. 1997†

Unclear

Unclear

Unclear

Unclear

Unclear

Reifart et al. 1997

Adequate

ITT

12 at 6 mths
(mean)

Reisman et al.
1997†

Unclear

Guerin et al. 1996

Adequate

Danchin et al.
1995‡

Adequate

Study

*
†
‡

Unclear

Adequate
Unclear
Unclear
None

Unclear

Unclear
Unclear
Single
None

Unclear

Unclear
Unclear
ITT

2 at 6 mths

Unclear
No losses
No losses

Abbreviation: ITT=intention to treat.
Available in abstract form only.
Personal communication, 2001.

Most of the studies did not provide enough information to determine the strategies used
to mask patients or investigators or to determine whether analysis was conducted
according to originally assigned groups, although two (Guerin et al. 1996, Eltchaninoff et
al. 1997) mentioned that assessors of angiographic outcomes were unaware of treatment
allocation. Another two (Danchin et al. 1995, Reifart et al. 1997) reported that all analyses
were conducted using the “intention-to-treat principle”. All studies available in full-text
reported minimal or no losses to follow-up.
Patient criteria for enrollment differed among the trials (Table 19). Most specified that a
certain degree of occlusion of the target vessel had to be present. Eltchaninoff et al.
(1997) required a reduction in luminal area of more than 50 per cent, Guerin et al. (1996)
set the lower limit at 60 per cent, Dill et al. (2000) specified a range from 70 to 99 per
cent, and Danchin et al. (1995) enrolled patients with total (100 per cent) occlusions (a
patient group specifically excluded by Guerin et al. (1996), Eltchaninoff et al. (1997) and
Whitlow et al. (2001)). Other lesion characteristics that differed among the studies were
presence of ostial or bifurcational lesions (included by Dill et al. (2000) but excluded by
Guerin et al. (1996), Eltchaninoff et al. (1997) and Reifart et al. (1997)) and different
angulation and size criteria.
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Table 19

Patient criteria in randomised controlled trials.*

Study

Patient Criteria

Safian et al.
2001

All patients considered suitable candidates for percutaneous revascularisation of a native
coronary vessel using PTCRA and in whom elective stenting was not planned (usually
because of vessel diameters <3 mm).
Exclusions: Recent Q-wave myocardial infarction.

Whitlow et al.
2001

All patients undergoing PTCRA by a certified study operator (a physician who has performed
≥100 successful PTCRA procedures and certified by specific laboratories) for angina or a
positive functional test. Visually-estimated arterial reference size had to be ≤3.25 mm.
Exclusions: Total occlusions, lesions >20 mm in length, restenotic lesions with >2 prior
treatments, vessels containing thrombus, lesions in vein grafts or arterial conduits, and
patients with myocardial infarction with creatine kinase-myocardial band >3 times normal
within the last week.

Buchbinder et
al. 2000†

No specific entry criteria reported.

Dill et al. 2000

Patients aged 20-80 years with angiographically-documented coronary artery disease and
clinical symptoms of angina or anginal equivalents. The target coronary stenosis was
considered haemodynamically significant and eligible for the study if there was a reduction in
luminal area of 70-99% and absolute stenosis diameters were <1 mm for a length of at least
five mm as visually estimated by the operator. In addition, one secondary criterion had to be
fulfilled, such as a heavily calcified, ostial or bifurcation location, or one that was eccentric,
diffuse or within an angulated (>45°) segment.
Exclusions: Unstable angina, myocardial infarction within the previous four weeks, previous
coronary angioplasty of the target vessel within the last two months, poor left ventricular
function (ejection fraction ≤30%), or any other condition that will limit long-term prognosis.

vom Dahl et al.
2000†

Symptomatic, diffuse in-stent restenosis (10-50 mm in length) at least three months after
stent implantation.

Sharma et al.
2000†

No specific entry criteria reported. Tested effectiveness of PTCRA versus PTCA in diffuse instent restenosis.

Eltchaninoff et
al. 1997

Patients were eligible for the study if they had stable or unstable angina with at least one
lesion (>50% stenosis) in a native vessel suitable for angioplasty. Additional inclusion criteria
for angioscopy were coronary artery lumen diameter between 2.5 and 3.5mm; location of the
target lesion in a straight segment of the artery; location of the lesion at least 20mm away
from the coronary ostium; absence of left main coronary artery disease.
Exclusions: Acute myocardial infarction within 24 hours before the procedure, a restenotic
lesion, a total occlusion, or a vein graft lesion.

Niazi et al.
1997†

No specific entry criteria reported.

Reifart et al.
1997

Patients were included if they had target lesions and vessels suitable for all three techniques.
Patients with multivessel coronary disease were also eligible, but the culprit lesion was
specified as the target before coronary intervention began.
Exclusions: Lesion characteristics (stenosis angulation >60°, bend stenosis with an
outwardly eccentric lumen, and bifurcational lesions requiring double guide wires) and vessel
(extreme proximal vessel tortuosity, saphenous bypass graft or presence of intraluminal
thrombus [filling defect], and total occlusion deemed not transferable with guide wires).
Patients with acute myocardial infarction and those who had undergone PTCA of any other
vessel within the last four months were also excluded.

Reisman et al.
1997†

No specific entry criteria reported. Tested effectiveness of rotational atherectomy versus
PTCA in vessels <3 mm.

Guerin et al.
1996

Patients presenting with a significant stenosis (defined as >60% reduction of the lumen
diameter as assessed by quantitative computed angiography) in one or more major coronary
vessels, a clinical indication for revascularization, and a left ventricular ejection fraction
>40%.
Exclusions: Myocardial infarction within the last month, restenosis, bypass graft lesions,
presence of intraluminal defect, ostial lesions, and total occlusions.

Danchin et al.
1995

All patients with a chronic (occlusion duration from 10 days to one year) complete (TIMI
grade 0) coronary occlusion, and for whom coronary angioplasty was clinically indicated.
Exclusions: Occlusions with a side branch arising directly at the occlusion site, located in the
immediate vicinity of the left main stem, or with a dense periarterial ipsilateral collateral
network.

*
†

Abbreviation: PTCA=percutaneous transluminal coronary angioplasty; PTCRA=percutaneous transluminal coronary rotational atherectomy;
TIMI=Thrombolysis in Myocardial Infarction (study).
Available in abstract form only.
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Medication given to subjects prior to the procedures usually consisted of acetylsalicylic
acid and heparin (Table 20). More recent studies included nitroglycerin (Eltchaninoff et
al. 1997, Reifart et al. 1997, Dill et al. 2000, Safian et al. 2001, Whitlow et al. 2001) and
other adjuncts, although through different routes, dosages or timing.
The procedures used in the performance of PTCRA were varied. Most aimed for a burrto-artery ratio of about 0.7 (although Guerin et al. (1996) used a ratio of 50 to 70 per
cent). The most recent studies (Safian et al. 2001, Whitlow et al. 2001) moved away from
determining the efficacy of the technology against other comparators, instead
concentrating on the efficacy of different PTCRA techniques.
Two studies (Reifart et al. 1997, Dill et al. 2000) reported using rotational speeds of at
least 160,000 revolutions per minute (rpm), while one (Danchin et al. 1995) used a speed
of 100-200 rpm. The administration of pharmaceutical agents in saline to flush the
equipment and affect distal haemodynamic physiology was reported by Dill et al. (2000)
and Reifart et al. (1997).
All studies applied adjunctive PTCA to those undergoing PTCRA. This meant that a
subject underwent angioplasty following the completion of rotational atherectomy. Most
studies allowed the operator to decide how to perform adjunctive PTCA to attain an
optimal post-procedural results. This dependence on individual operator technique was
also used to describe the comparison interventions in all studies.
The study by Reifart et al. (1997) also included an extra comparison group that received
debulking of the atheromatous plaque using two different xenon chloride excimer laser
systems followed by adjunctive PTCA.

28

Percutaneous transluminal coronary rotational atherectomy

Table 20

Therapeutic protocols used in intervention and comparison groups in randomised
controlled trials.*

Study

Premedication

Intervention

Comparison

Safian et al.
2001

Acetylsalicylic acid 325
mg at least 24 hours
before the procedure;
intravenous heparin
10,000 U administered
on insertion of the
vascular sheath and as
needed to maintain
activated clotting time
>300 seconds throughout
the procedure;
continuous nitroglycerin
infusion throughout the
procedure.

n=104. PTCRA using a
stepped burr approach and
rpm surveillance to attain a
final burr-to-artery ratio of
>0.7.

n=118. PTCRA using a
stepped burr approach and
rpm surveillance to attain a
final burr-to-artery ratio of
≤0.7.

Adjunctive PTCA in all
patients using nominal
inflation pressures with a
balloon-to-artery ratio of
about 1.

Adjunctive PTCA in all
patients using nominal
inflation pressures with a
balloon-to-artery ratio of
about 1.

Whitlow et
al. 2001

Flush solution containing
nitroglycerin 4 mg,
verapamil 5 mg and
heparin 2,000 IU per litre.

n=248. PTCRA using a
stepped burr approach with
a maximum burr-to-artery
ratio of >0.70 with or
without adjunctive PTCA
with maximum balloon
inflation pressure ≤1 atm
with a 0.25 mm visually
oversized balloon.

n=249. PTCRA using a
stepped burr approach with
a maximum burr-to-artery
ratio of ≤0.70 with
adjunctive PTCA with a
0.25 mm visually oversized
balloon at ≥4 atm.

Buchbinder
et al. 2000†

Not stated.

n=328. PTCRA and stent
placement.

n=342. PTCA and stent
placement.

Dill et al.
2000

Acetylsalicylic acid; two
hours before the
procedure, nitroglycerin
2-4 mg/h and nifedipine
0.5-1.5 mg/h with 500 ml
saline; intravenous
heparin 15,000-20,000 IU
bolus to maintain clotting
time above 350 seconds
during the procedure; use
of intracoronary
nitroglycerin was left to
the operator.

n=252. PTCRA with burr
sizes from 1.25-2.5 mm at
160,000-190,000 rpm with
each sequence being less
than 30 seconds.
Intracoronary nitroglycerin
100-200 µg administered
after each sequence.
Target burr-to-artery ratio
was 0.7.

n=250. PTCA using
“approved systems”
(balloon length 20-40 mm).
Specific technique was left
to the operator.

vom Dahl et
al. 2000†

Acetylsalicylic acid,
heparin, ticlopidine.

n=152. PTCRA using a
stepped-burr approach with
adjunctive low pressure
(4-6 atm) PTCA.

n=146. PTCA with the
same sized or slightly
oversized balloon as that
used for stent implantation.

Sharma et
al. 2000†

Not stated.

n=50. PTCRA.

n=50. PTCA.

Eltchaninoff
et al. 1997

Acetylsalicylic acid;
intravenous heparin
10,000 IU bolus and 150
µg intracoronary
nitroglycerin.

n=24. PTCRA using 8F-9F
sheath placed in femoral
artery. One burr used per
lesion with size chosen to
obtain a burr-to-artery ratio
of 0.7.

n=26. PTCA using
“standard techniques”. 8F
placed in femoral artery
and balloon size chosen to
obtain a balloon-to-artery
ratio of approximately 1.

Adjunctive PCTA left to the
operator.

Adjunctive PTCA
performed after PTCRA.
Inflation pressures used
were <6 atm.
Niazi et al.
1997†

Not stated.

n=75. PTCRA with
adjunctive PTCA and stent
placement.
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n=75. PTCA with stent
placement.

29

Table 20 (continued)
Therapeutic protocols used in intervention and comparison groups in
randomised controlled trials.*
Study

Premedication

Intervention

Comparison

Reifart et al.
1997

One day prior to
procedure, >160 mg
acetylsalicylic acid and
oral nitrates. Heparin
25,000 IU bolus restricted
to patients with long,
spiral dissections.

n=231. PTCRA used burr
sizes from 1.25-2.25 mm
rotating at 160,000180,000 rpm with each
sequence lasting from 1015 seconds with extended
pauses to allow for
washout of debris. Teflon
sheath over the drive shaft
flushed with solution
containing a cocktail of
heparin 10,000IU,
nitroglycerin 2mg, and
verapamil 5mg in 500mL
saline. Target burr-to-artery
ratio was 0.67.

n=232. ELCA used two
different 308 nm xenon
chloride excimer lasers.
The first system used a
pulse duration of 210ns, a
pulse repetition rate of 2030Hz, and energy to 4570mJ/mm 3. The second
used a pulse duration of
135 nanoseconds, a pulse
repetition rate of 25 Hz,
and energy of 45-60
mJ/mm 3. No saline infusion
protocol used.

Adjunctive PTCA used to
obtain <50% residual
stenosis. Inflation
pressures used were ≤4
atm.

Reisman et
al. 1997†

Not stated.

n=222. PTCRA with or
without adjunctive PTCA

Guerin et al.
1996

Three days before the
procedure, acetylsalicylic
acid 250 mg daily.
Intravenous heparin
10,000 IU at beginning of
procedure.

n=32. PTCRA used a 7F or
8F guide catheter. A single
burr (with burr-to-artery
ratio of 50-70%) was
passed several times over
the lesion. Each pass
lasted <15 seconds.

Adjunctive PTCA used to
obtain <50% residual
stenosis. Inflation
pressures: ≤4 atm.
n=222. PTCA used any
approved rapid exchange
balloon dilatation system of
length 20, 30, 35, and 40
mm. Specific protocols
used to achieve optimal
angiographic results left to
the operator.
Recommendations include
a balloon-to-artery ratio of
1 and incremental increase
of pressure by 1 atm per
10-15 seconds until full
expansion.
n=220. PTCA.
n=32. PTCA performed
with “standard techniques”.

Adjunctive PTCA used with
balloon-to-artery ratio of 1.
Danchin et
al. 1995

*
†

Intravenous heparin
10,000 U and
acetylsalicylic acid 250500 mg upon insertion of
catheter.

n=50. PTCRA used a 1.3
mm burr rotated at a speed
of 100-200 rpm and
brought to occlusion.

n=50. PTCA performed
according to preferences of
operators.

Adjunctive PTCA
performed.

Abbreviations: atm=atmosphere; ELCA=excimer laser coronary angioplasty; F=French; IU=International Unit; n=sample size;
PTCRA=percutaneous transluminal coronary rotational atherectomy; PTCA=percutaneous transluminal coronary angioplasty; rpm=revolutions per
minute.
Available in abstract form only.

Effectiveness in non-complex coronary artery lesions

There is a general lack of available evidence examining the effectiveness of PTCRA on
non-complex lesions of the coronary arteries due largely to operator preference for
lesions with more complex morphological characteristics (Zaacks et al. 1998). Of the
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RCTs retrieved, three enrolled patients with complex lesions (Danchin et al. 1995, Guerin
et al. 1996, Dill et al. 2000). Two RCTs that compared PTCRA against another
comparator (Eltchaninoff et al. 1997, Reifart et al. 1997) provided no detailed information
to determine the effectiveness of the technology in non-complex lesions because no data
were presented nor analyses performed according to lesion type.
The RCT by Reisman et al. (1997) is widely cited as providing evidence of the lack of
effectiveness of PTCRA in non-complex lesions of the coronary arteries. However, the
numbers of patients with Type B 2 and C lesions in the two groups studied were severely
disproportionate . Only about half of patients in the group receiving PTCRA had lesions
of these types compared to about 80 per cent in the comparison group. Mean postprocedure residual stenosis was 30 per cent (11 per cent) in the group receiving PTCRA
with adjunctive PTCA compared to 31 per cent (12 per cent) in those receiving PTCA
alone. Procedural success was 99 per cent and 100 per cent, respectively. No long-term
results were presented.
MacIsaac et al. (1995) reviewed data from a multicentre registry of PTCRA procedures
conducted on single lesions. In non-calcified lesions, 1,031 of 1,083 (95.2 per cent)
procedures resulted in a successful outcome (compared to 94.3 per cent of 1,078 calcified
lesions; p=0.32).
Two small case series (Level IV) have been presented. Jones et al. (1993) reviewed the
experience of 60 patients with lesions of the left main coronary artery. Procedural success
was attained in 95 per cent of patients, but a restenosis rate of 50 per cent was observed
at follow-up (duration unknown).
Chatelain et al. (1992) described the use of PTCRA in 12 patients. Success was seen in
five (42 per cent) with another five crossing over to another device. In contrast, Pavlides
et al. (1992) reported that all 17 patients undergoing PTCRA with adjunctive therapy had
a “successful” outcome (although there were no substantial differences between
atherectomy and TEC).
In a comparative study (Level III-2), Safian et al. (1993) suggested that residual stenoses
in coronary arteries following PTCRA was due mainly to the use of undersized devices.
The computed efficiency of PTCRA (defined as the ratio of the residual lumen diameter
to the device diameter) was 92 per cent compared to 71 per cent following PTCA alone
(p<0.001).
Effectiveness in complex coronary artery lesions

Data from five RCTs were extracted to provide information about the effectiveness of
PTCRA in the management of complex lesions. Two studies (Guerin et al. 1996, Dill et al.
2000) restricted enrollment to patients with complex lesions. While using entry criteria
that allowed the inclusion of patients with non-complex (Type A) lesions, two studies
(Eltchaninoff et al. 1997, Reifart et al. 1997) are included in this discussion because
neither reported separate results according to lesion type. Moreover, the proportion of
subjects with such lesions was small. In the study by Eltchaninoff et al. (1997), five out of
50 subjects (10 per cent) had Type A lesions while Reifart et al. (1997) reported that 21 of
685 participants (3 per cent) had non-complex lesions. If lesion type is associated with
specific outcomes according to treatment received, the magnitude or direction of
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systematic deviation of effect estimates cannot be measured without additional
information, although small proportions may attenuate this potential bias.
The baseline clinical characteristics of a total of 1,066 patients with complex coronary
artery lesions undergoing PTCRA with adjunctive PTCA (PTCRA-PTCA) or PTCA
alone are shown in Table 21. Participants in the PTCRA-PTCA group had a mean age of
61.7 (9.7) years, although the group enrolled by Eltchaninoff et al. (1997) was statistically
significantly younger than the other groups. About 20 per cent of the total PTCRAPTCA group reported suffering from unstable angina, although the proportion of such
subjects from the trial by Guerin et al. (1996) was about twice the pooled result. There
were no differences in the distributions of males, pre-existing diabetes, previous MI and
previous CABG surgery.
The group receiving PTCA alone did not show statistically significant differences in the
distributions of age, sex, pre-existing diabetes or previous CABG surgery. The pooled
proportion of participants who reported unstable angina was slightly higher, but the
group enrolled by Reifart et al. (1997) had a smaller proportion compared to that of
Guerin et al. (1996) and Eltchaninoff et al. (1997). A similar result (but in the opposite
direction) was seen for subjects reporting previous MI.
In comparing the two treatment groups overall, only the lower mean age in the PTCRAPTCA group enrolled by Eltchaninoff et al. (1997) was found to be statistically
significantly different. All other clinical characteristics were similarly distributed between
the groups.
Angiographic baseline characteristics were relatively more heterogeneous than clinical
characteristics. Overall, lesions were more commonly located in the left anterior
descending artery (in about 45 per cent of cases), followed by the right coronary artery
(about 25 per cent of cases) and the left circumflex artery (in about 20 per cent of cases).
Only three studies (Eltchaninoff et al. 1997, Reifart et al. 1997, Reisman et al. 1997)
reported details about the type of lesion according to ACC/AHA criteria.
The morphology of vascular lesions was described in three studies (Guerin et al. 1996,
Reifart et al. 1997, Dill et al. 2000), although the definitions used to determine whether
lesions met certain criteria were not. For the most part, the studies by Dill et al. (2000)
and Reifart et al. (1997) enrolled participants with similar morphological features: about
two in five had calcified lesions; four in five, eccentric lesions; three in five, lesions of less
than 10mm; and about 15 per cent were angulated beyond 45 degrees. The subjects
enrolled by Guerin et al. (1996) showed different characteristics. Statistically significant
differences in the diameter, length and per cent stenosis of the arteries were also
apparent.
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Table 21

Baseline clinical and angiographic characteristics of subjects enrolled in four trials examining the effectiveness of PTCRA
with adjunctive PTCA versus PTCA alone.*
PTCRA-PTCA

Characteristic
Subjects, n

Dill et al
2000

Eltchaninoff
et al 1997

Reifart et al
'97

Reisman et
al 1997

231

56 (11)

61.6 (10)

185 (73.4)

22 (91.7)

184 (79.6)

Diabetes, n (%)

46 (18.2)

3 (12.5)

35 (15.2)

†

Unstable Angina, n (%)

x‡

6 (25)

42 (18.2)

†

13 (40.6)

10 (41.7)

109 (47.2)

†

10 (31.2)

13 (5.6)

†

Males, n (%)

Previous MI, n (%)§
Previous CABG, n (%)
Location of Lesion, n (%)
LAD
LCx
RCA
TIMI Flow < 3, n (%)

61 (9)

109 (43.2)
20 (7.9)

†
135 (61)

249 (100)

24 (100)

227 (100)

145 (58.2)
49 (19.7)
55 (22.1)

10 (41.7)
3 (12.5)
11 (45.8)

117 (51.7)
45 (19.8)
65 (28.6)

†

51 (22.1)

†

121 (52.4)

Lesion Type, n (%)#
A
B1
B2
C

†

222

Guerin et al.
1996

24

Age, years, mean (SD)

252

PTCA Alone

†

†
24 (100)

231 (100)

222 (100)

2 (8.3)
7 (29.2)
10 (41.7)
5 (20.8)

3 (1.3)
47 (20.3)
149 (64.5)
32 (13.8)

98 (44)

32
64.6 (10.8)
25 (78.1)

†

2 (6.2)

Dill et al
2000
250

Eltchaninoff
et al. 1997

Reifart et al.
'97
222

61 (11)

62.5 (9.5)

186 (74.4)

21 (80.8)

180 (81.1)

48 (19.2)

3 (11.5)

36 (16.2)

†

9 (34.6)

27 (12.2)

†

15 (46.9)

6 (23.1)

99 (44.6)

†

7 (21.9)

13 (5.8)

†

x
104 (41.6)
20 (8)

†

248 (100)

26 (100)

219 (100)

19 (59.4)
8 (25)
5 (15.6)

127 (51.2)
50 (20.2)
71 (28.6)

12 (46.2)
8 (30.8)
6 (23.1)

106 (48.4)
54 (24.6)
59 (26.9)

†

117 (50.6)

†

124 (56)

†

47 (21.1)

220

Guerin et al.
1996

26

62 (9)

32 (100)

†

Reisman et
al. '97
†
174 (70)

32
63.3 (10.4)
23 (71.9)

†

3 (9.4)
32 (100)

†
†

26 (100)

222 (100)

220 (100)

3 (11.5)
11 (42.3)
9 (34.6)
3 (11.5)

11 (5.0)
50 (22.5)
139 (62.6)
22 (9.9)

46 (21)

15 (46.9)
8 (25)
9 (28.1)

†

†

174 (79)

Lesion Morphology, n (%)
Calcified
Eccentric
Lesion Length < 10 mm
Angulation ≥ 45°
Bifurcation
Reference Diameter, mm, mean (SD)

98 (42)
180 (78)
128 (56)
25 (11)
117 (51)
2.6 (0.4)

Length, mm, mean (SD)

13.3 (10.2)

Minimal Lumen Diameter, mm, mean (SD)

0.65 (0.27)

Stenosis, %, mean (SD)

*
†

§

75 (8.7)

†

3.0 (0.5)

†
1.1 (0.2)
63 (8)

88 (38.1)
185 (80.1)
131 (57.7)
36 (15.6)¶
37 (16)
2.93 (0.57)
11.4 (7.7)
0.71 (0.32)
76 (12)

†

23 (71.9)
18 (56.2)

†

12 (37.5)**

†

2.45 (0.40)

†
1.73 (0.34)

†

74 (31)
193 (82)
137 (60)
27 (12)
115 (49)

2.75 (0.33)

2.8 (0.5)

9.1 (4.4)

12.4 (9.2)

†

3.2 (0.6)

†

82 (36.9)
168 (75.7)
124 (55.8)
30 (13.5)¶
41 (18.5)
2.93 (0.62)
10.6 (7.5)

†

0.68 (0.31)

1.1 (0.5)

0.74 (0.33)

†

76 (9.2)

67 (11)

75 (11)

†

19 (59.4)
22 (68.8)

†

11 (34.4)**

†

2.43 (0.39)

†
1.75 (0.47)

†

2.86 (0.39)
9.0 (4.3)

†
†

Abbreviations: CABG=coronary artery bypass graft; LAD=left anterior descending artery; LCx=left circumflex artery; MI=myocardial infarction; PTCA=percutaneous transluminal coronary angioplasty; PTCRA=percutaneous transluminal
coronary rotational atherectomy; RCA=right coronary artery; SD=standard deviation; TIMI=Thrombolysis in Myocardial Infarction (study).
Unknown or unstated.
‡ Excluded.
# ACC/AHA Classification (Table 2). ¶ Angulation between 45° to 60°. ** Degree of angulation unspecified.
Events occurring within a specific time period prior to the treatment were excluded (Table 19). Eltchaninoff et al. (1997), within 24 hours; Dill et al. (2000) and Guerin et al. (1996), within one month; Reifart et al. (1997), within four months.
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Evidence exists that each of the five RCTs enrolled groups had clinically and
angiographically dissimilar characteristics (at least within statistically relevant bounds).
The interpretation of effect size summaries, therefore, must take into account the
presence of potentially sizeable systematic deviations compared to similar effect sizes
derived from studies without such dissimilar groups. To some extent, the use of random
effects models to obtain summary effect size estimates will generally produce more
conservative results, but this is not always the case (Poole & Greenland 1999) and it is
prudent to moderate inferences drawn from such methods with the knowledge that the
potential for bias is present.
Three studies reported restenosis rates at follow-up (Guerin et al. 1996, Reifart et al. 1997,
Dill et al. 2000). The outcome was defined similarly across all three studies: ≥ 50 per cent
stenosis determined angiographically at follow-up. Both Guerin et al. (1996) and Dill et al.
(2000) provided data at six months of follow-up while Reifart et al. (1997) presented
information up to one year. If the assumption is made that risks remain stable
throughout the follow-up period and that restenosis occurs evenly throughout the
observation time, useful information may be extracted (Table 22).
Table 22

Incidence of restenosis at six months of follow-up in trials examining the
effectiveness of PTCRA with adjunctive PTCA versus PTCA alone.*
PTCRA-PTCA

Study

*
†

34

Number with
Restenosis

PTCA Alone

Total
Number
of Subjects

Number with
Restenosis

Total
Number
of Subjects

Relative
Risk
(95% CI)

Absolute Risk
per 100
(95% CI)

Dill et al. 2000

80

163

87

170

0.96 (0.77,
1.19)

-2.10 (-12.84,
8.64)

Reifart et al.
1997†

42

145

26

109

1.21 (0.80,
1.85)

5.11 (-5.77,
16.00)

Guerin et al.
1996

11

28

11

26

0.93 (0.49,
1.77)

-3.02 (-6.23,
8.45)

Abbreviations: PTCA=percutaneous transluminal coronary angioplasty; PTCRA=percutaneous transluminal coronary rotational atherectomy.
Results are for follow-up six months interpolated from one year data.
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Overall, there were no statistically significant differences in the restenosis rates in the
group receiving PTCRA with adjunctive PTCA compared to the group receiving PTCA
alone (RR=1.00; 95% CI=0.83, 1.20; p=0.998; Figure 9) with no substantial statistical
heterogeneity apparent (Q=1.04; df=2; p=0.594). The pooled risk difference also was
statistically non-significant (RD=0.01; 95% CI=-0.06, 0.08; p=0.767). The results of one
trial were not included due to the lack of primary data (Niazi et al. 1997).

Figure 9

Risk of restenosis at six months in patients receiving PTCRA with adjunctive
PTCA versus PTCA alone.

Particular morphological characteristics that distinguish specific complex lesions were
examined by several authors. The results of these studies are described below and
summarized in Table 23.
Chronic total occlusions

The study by Danchin et al. (1995) was the only RCT that examined the effectiveness of
PTCRA with adjunctive PTCA versus PTCA alone in patients with chronic total
occlusions. The study collected data for in-hospital outcomes alone and provides no
information on the main outcome of interest, six-month restenosis rates.
Primary or procedural success, defined as recanalisation of the occluded vessel with ≤50
per cent residual stenosis on quantitative coronary angiography with no MACE, was
achieved in 33 of 50 patients receiving PTCRA-PTCA and in 30 of 50 patients receiving
PTCA alone. This result shows no statistically significant difference between the groups
(RR=1.10; 95% CI=0.81, 1.49; RD=0.06; 95% CI=-0.12, 0.25; p=0.534).
In a case series (NHMRC level IV) that enrolled 200 patients, Kini et al. (2000) suggested
that procedural success can be attained in 99.5 per cent of cases in which the lesion was
crossed by the guide wire. Mean post-procedure residual stenosis was estimated as 12 per
cent (10 per cent). After a follow up of 11 (4) months, the target vessel revascularisation
rate was 20 per cent.
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Similar results were seen in another case series (NHMRC level IV) reported by Omoigui
et al. (1995). Success without major complications occurred in 91 per cent of all
occlusions (135 of 145) with a final residual stenosis of 26.9 per cent (16.8 per cent) after
adjunctive PTCA. Length of follow-up was unstated, but angiographic results indicated
that restenosis was evident in 62.5 per cent of lesions.
Braden et al. (1999) reported on the long-term follow-up [mean=46.2 (6) months] of 122
consecutive patients. Restenosis was present in 20 per cent.
Calcified lesions

Calcified coronary artery lesions are difficult to treat and represent both a therapeutic and
an operator challenge. Because of their morphology and, often, anatomical placement
within coronary arteries (e.g. at ostial sites), revascularisation procedures involving these
lesions must be carefully managed for several reasons:
•

it may be difficult to pass a guidewire across such lesions and deploy an
interventional catheter;

•

assuming a guidewire can be passed, PTCA (with or without stenting) is often
unsuccessful because lesion architecture does not allow sufficient balloon
expansion to permit a sustained increase in lumen diameter;

•

if balloon expansion is possible with standard PTCA (with or without stenting),
uneven deployment, as a result of anatomy and architecture, may result in:
i) parts of the lesions breaking off and embolising downstream; and/or
ii) exposing underlying atheromatous material to the blood stream resulting in
thrombosis.

It is unlikely that high-level evidence will be collected to examine the effectiveness of
PTCRA on calcified lesions given that it might not be feasible to construct a clinical trial
that compares PTCRA of these lesions with an appropriate comparator. PTCA is not
appropriate (as per above), while CABG surgery may be appropriate. However, it may be
unlikely that CABG surgery will be undertaken for single vessel disease, particularly if a
patient has significant underlying comorbidities that are, of themselves, contraindicated
for CABG surgery (e.g. advanced age, severe respiratory or cardiac disease, renal failure,
dialysis, diabetes).
Hoffmann et al. (1998) described a retrospective study with case matching (NHMRC
level III-2) that compared the effectiveness of PTCRA (Group 1; n=147) versus either
Palmaz-Schatz stent implantation (Group 2; n=103) or PTCRA with adjunctive stent
implantation (Group 3; n=56) in patients with moderate to severe calcification of native
coronary arteries. All patients received adjunctive PTCA. Patient characteristics were
similar among the groups. However, lesion characteristics evinced systematic group
differences. Lesions treated with PTCRA alone (Group 1) were more likely to be shorter,
eccentric, ostial or used in smaller vessels while Group 3 lesions were more likely to be
bifurcational.
PTCRA with adjunctive stent implantation showed a highly statistically significantly
smaller final per cent diameter stenosis [mean=4.2 per cent (SD=15.3 per cent)]
compared with PTCRA alone [14.1 per cent (13.3 per cent)] or stent implantation alone
[26.7 per cent (16.9 per cent)]. The same result was seen for the acute gain in luminal
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diameter. The procedural success rates were similar in the three groups (98.6 per cent,
98.0 per cent and 98.2 per cent for Groups 1, 2, and 3, respectively). After nine months
of follow-up, the rates of target lesion revascularisation were lowest in Group 3 (18 per
cent) compared to Groups 1 and 2 (22 per cent and 18 per cent, respectively), although
these results failed to reach statistical significance (p=0.152).
The lack of association between procedural success rates and the degree of calcification
in coronary lesions was examined by Altmann et al. (1993) in a comparative study
(NHMRC level III-2). After stratifying 675 lesions into three categories of calcifications
[none or mild (27 per cent), moderate (56 per cent) or dense (17 per cent)], the authors
found comparable procedural success rates across the groups (96 per cent, 96 per cent
and 92 per cent, respectively).
Ostial lesions

In a retrospective review of case records (NHMRC level III-2), Koller et al. (1994)
compared the effectiveness of PTCRA (n=29) with transluminal extraction catheter
(TEC, n=72) in patients with coronary ostial stenoses in which the degree of narrowing
was at least 50 per cent. Except in a single case, all patients with lesions affecting
saphenous vein grafts underwent TEC rather than PTCRA due to the risk of distal
embolisation. The cutter and burr sizes used were routinely under-sized by 0.5 to 1.0mm
compared to the reference segments and adjunctive PTCA was left to the discretion of
the physician. All patients received acetyl salicylic acid, heparin, dextran and nitroglycerin
before the procedure.
No significant differences were apparent with regard to minimal lumen diameter (MLD)
or per cent stenosis at baseline. Procedural success following PTCRA was 69 per cent
compared to the TEC rate of 52 per cent (p=0.119). Following adjunctive PTCA, both
showed a procedural success rate of about 90 per cent. After a mean follow-up of five
months, about 40 per cent of all vessels treated with PTCRA showed evidence of
angiographic stenosis.
Two case series (NHMRC level IV) were reported in the literature. Sixty three patients
with ostial lesions treated with PTCRA showed an overall success rate of 92 per cent
(Zimarino et al. 1994). About the same percentage of aorto-ostial (lesions involving the
junction between the aorta and the orifice of the RCA, LAD or saphenous vein graft)
and branch-ostial (involving the junction between a large epicardial vessel and the orifice
of a major branch) lesions were treated successfully using PTCRA.
In 106 patients with a single ostial stenosis of the RCA, 99 (93 per cent) achieved
procedural success (Bernardi et al. 1993). Mean post-PTCRA residual stenosis was 38 per
cent; following adjunctive PTCA, residual stenosis was 18 per cent. A restenosis rate of
51 per cent was reported at six months of follow-up.
Angulated lesions

Chevalier et al. (1994) observed 111 patients with 123 angulated stenoses of greater than
45 degrees. The authors report a success rate of 86 per cent with dissection occurring in
one-third of attempts. Residual stenosis was 47 per cent following PTCRA and 24 per
cent following adjunctive PTCA.
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Long lesions

The association between lesion length and outcome following PTCRA was examined by
Reisman et al. (1993). A registry was searched to accumulate 1,276 lesions treated with
PTCRA. The lesions were grouped according to length. Group 1 (n=953; 74.7 per cent)
lesions were between 1 and 10mm, Group 2 (n=180; 14.1 per cent) lesions between 11
and 15mm, and Group 3 (n=143; 11.1 per cent) lesions between 15 and 25mm.
Procedural success following PTCRA was 86 per cent, 84 per cent and 83 per cent in
Groups 1, 2, and 3, respectively. Following adjunctive PTCA, success rates increased to
95 per cent, 97 per cent and 92 per cent, respectively.
Table 23

Procedural success and restenosis rates in comparative studies examining the
efficacy of PTCRA with or without adjunctive PTCA in complex lesions of the
coronary arteries.*

Characteristic Lesion
Complexity and Study

Number of
Subjects
Undergoing
PTCRA

Main Entry
Criteria

Procedural
Success Rate
(%)

Restenosis Rate
(%)

Length of
Follow-Up
mths (SD)

Chronic total occlusions
Danchin et al. 1995

50

See Table 19

66

---

---

Kini et al. 2000†

200

Chronic total occlusions
crossed by the guide wire

99.5

?‡

11 (4)

Braden et al. 1999†

122

Chronic total occlusions
crossed by the guide wire

?

20

46.2 (6)

Omoigui et al. 1995†

139

Chronic total occlusions
crossed by the guide wire

91.0

62.5

?

Hoffmann et al. 1998

147

Lesion of a native
coronary artery with
moderate to severe
calcification

98.6

?

9

Altmann et al. 1993†

675

Extent of calcification

95

?

12

Koller et al. 1994

29

Ostial stenosis of ≥50%
located within 3 mm of the
vessel orifice

69

39

5.4 (1.6)

Zimarino et al. 1994

63

Aorto-ostial or branchostial lesions

93

---

---

Bernardi et al. 1993†

106

Single ostial stenosis of
the RCA

93

51

6

111

Diastolic angulation >45°

86

---

---

1,276

Lesions of various lengths

84

---

---

Calcified lesions

Ostial lesions

Angulated lesions
Chevalier et al. 1994†
Long lesions
Reisman et al. 1993†

* Abbreviations: PTCA=percutaneous transluminal coronary angioplasty; PTCRA=percutaneous transluminal coronary rotational atherectomy.
SD Standard deviation
† Available in abstract form only.

‡

Unknown or unstated.

Effectiveness in treating in-stent restenosis

The ROSTER Trial (Sharma et al. 1999) reported the results of PTCRA versus PTCA in
the treatment of diffuse in-stent restenosis. The trial enrolled a total of 200 patients
assigned in equal numbers to the two procedures. Preliminary results show that mean
pre- and post-procedural MLDs and the gain in luminal diameter following the

38

Percutaneous transluminal coronary rotational atherectomy

placement of the stent were comparable between the groups (Table 24). Prior to the
treatment for in-stent restenosis, the mean MLD between the groups was similar.
Rotational atherectomy produced a larger mean MLD compared to PTCA.
Table 24

Results of the ROSTER trial (Sharma et al. 1999).
PTCRA
(n=50)

PTCA
(n=50)

p value

Pre-procedure MLD

0.86 (0.16)

0.89 (0.18)

0.381

Post-procedure MLD

3.06 (0.31)

3.01 (0.28)

0.399

Acute luminal gain

2.42 (0.21)

2.36 (0.19)

0.137

0.84 (0.21)

0.91 (0.32)

2.88 (0.26)

2.61 (0.31)

2.08 (0.21)

1.72 (0.21)

Quantitative Analysis (mm)
Initial stent placement, mean (SD)

During treatment for in-stent restenosis, mean
(SD)
Pre-procedure MLD
Post-procedure MLD
Acute luminal gain
*

0.581
<0.001
<0.001

Abbreviations: MLD=minimum lumen diameter; PTCA=percutaneous transluminal coronary angioplasty; PTCRA=percutaneous transluminal
coronary rotational atherectomy; SD=standard deviation.

The trial also reported 12 month follow-up results indicating the rates of clinical
restenosis following PTCRA were statistically significantly reduced (Sharma et al. 2000).
Clinical restenosis was reported in 32 per cent of patients receiving PTCRA compared to
45 per cent receiving PTCA (p<0.05). The authors do not provide enough information to
calculate 95% confidence intervals.
The results of the ROSTER trial contrast with those from the ARTIST trial (vom Dahl et
al. 2000). The latter study enrolled 298 patients with symptomatic, diffuse in-stent
restenosis. Participants were assigned to PTCRA with low-pressure PTCA (n=152) or
PTCA alone (n=146). Post-procedural angiographic success (defined as residual stenosis
of less than 30 per cent) was 89 per cent for PTCRA and 88 per cent for PTCA.
Minimum lumen diameter and luminal gain were likewise similar between the groups (no
data given).
After six months of follow-up, those receiving PTCA alone were noted to have more
favourable outcomes in terms of event-free survival (91.1 per cent versus 79.6 per cent;
p=0.005), MLD [1.2 mm (0.6) versus 1.0 mm (0.6); p=0.008], residual stenosis [56 per
cent (20) versus 64 per cent (22); p=0.005], restenosis rate (51.2 per cent versus 64.8 per
cent; p=0.04), and rates of target lesion revascularisation (36.2 per cent versus 47.8 per
cent; p=0.06).
The results of these RCTs should be considered with care given that important
information (e.g. the patient population, quality domains, etc.) was not available in the
abstract. Moreover, the distributions of potential confounding factors are not given.
Although the common expectation is that measured and unmeasured characteristics will
be equally distributed between the groups, no information is presented to support this
position. Procedural characteristics also differ between the two.
Four comparative studies (NHMRC level III-2) have been published comparing PTCRA
and adjunctive PTCA with PTCA alone in the treatment of in-stent restenosis (Lee et al.
1998, Fukuda et al. 1999, Lauer et al. 2000, Schiele et al. 2000). The first two studies
suggest the presence of relative gains in the long-term while the last two do not. Fukuda
et al. (1999) compared the experience of 44 patients with diffuse (>75 per cent of the
length of the stent) in-stent restenosis (PCTRA-PTCA: n=23; PTCA: n=21). The groups
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were similar in terms of clinical and baseline angiographic characteristics (although more
people in the PTCRA-PTCA group had previously undergone haemodialysis and had a
greater number of previous PTCA attempts). At baseline, mean MLD for the lesion was
0.61mm (0.13) in the PTCRA-PTCA group and 0.59mm (0.18) in the PTCA group.
The authors reported that procedural success was attained in all patients in both groups.
The mean post-procedure MLD did not differ between the groups in any significant
fashion [PTCRA-PTCA=2.72mm (0.19) versus PTCA=2.78mm (0.25); p=0.373]. After a
mean follow-up of about three months, restenosis of at least 50 per cent was present in
33.3 per cent of those who underwent PTCRA-PTCA versus 71.4 per cent in those
receiving PTCA alone (p=0.013). The proportion of diffuse restenotic cases on follow-up
were similarly different (28.6 per cent in the PTCRA-PTCA group versus 80.0 per cent in
the PTCA group; p=0.020).
The second study (Lee et al. 1998) enrolled 81 patients (PCTRA-PTCA: n=36; PTCA:
n=45). Baseline clinical characteristics were comparable between the groups (although
the PTCRA-PTCA group was more likely to have multivessel disease) as were the
characteristics of the original lesions (although the PTCRA-PTCA group was more likely
to have a long stent implanted). The complete revascularisation rates for both groups
were similar (89 per cent for PTCRA-PTCA compared to 87 per cent for PTCA;
p=0.784) with procedural success being 100 per cent in both groups. Following the
repeat intervention, there were no differences in the mean MLD [PTCRAPTCA=2.62mm (0.56); PTCA=2.57mm (0.55); p=0.688) or acute luminal gain (PTCRAPTCA=2.16 mm (0.52); PTCA=1.94mm (0.63); p=0.096). Clinical recurrence at six
months was significantly lower in the PTCRA-PTCA group (25 per cent versus 47 per
cent; p=0.042).
The mean MLD of 190 lesions treated with PTCRA-PTCA was 2.71mm (0.53) in the
study by Lauer et al. (2000). This was statistically significantly different from 301 lesions
treated with PTCA alone [2.51mm (0.64); p<0.001]. These gains did not continue at the
six-month follow-up period [PTCRA-PTCA=1.62mm (0.89); PTCA=1.53mm (0.87);
p=0.320].
The study by Schiele et al. (2000) enrolled 70 patients (PTCRA-PTCA: n=30; PTCA:
n=40) who had angiographic and intravascular ultrasonographic data before and after the
repeat procedure of in-stent restenosis. Patients who received PTCRA-PTCA had
smaller mean MLDs [0.73mm (0.28) versus 0.98mm (0.31); p=0.002], larger per cent
diameter stenosis [71 per cent (11) versus 63 per cent (13); p=0.01], longer lesions
[12.7mm (7.4) versus 8.0mm (3.7); p=0.001], smaller luminal cross-sectional area [1.6mm2
(0.7) versus 2.0mm2 (0.9); p=0.03], and a larger neointimal tissue cross-sectional area
[5.9mm2 (1.7) versus 4.9mm2 (2.1); p=0.02).
Following the procedure, the patients who received PTCRA-PTCA had a larger
immediate gain resulting in significant differences between the groups in post-procedural
angiographic and ultrasonographic parameters. Clinical follow-up after one year did not
differ between the groups.
Similar null findings are suggested by the a retrospective review of cases (NHMRC level
III-2) published by Jolly et al. (1999) comparing 116 patients undergoing PTCA with 30
patients receiving PTCRA for in-stent restenosis. Patients were similar in terms of lesion
length, MLD and baseline per cent stenosis. Post-procedure success rates were similarly
favorable (100 per cent for PTCRA compared to 96 per cent for PTCA; p=0.266). After
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a median follow-up time of eight months, there were no significant differences in the
rates of target vessel revascularisation (16 per cent in PTCRA versus 21 per cent in
PTCA; p=0.87) or target vessel failure (20 per cent in PTCRA versus 24 per cent in
PTCA; p=0.61). Subgroup analysis focusing on those with diffuse in-stent restenosis did
not uncover any differences on follow-up between the groups (p=0.89 for target vessel
revascularisation and p=0.82 for target vessel failure).
The BARASTER registry (Goldberg et al. 1997) is a cumulative database of patients
treated with PTCRA for in-stent restenosis. Goldberg et al. (1998) compared the
experience of a consecutive series of patients in the BARASTER registry undergoing
PTCRA-PTCA for in-stent restenosis with those found in another registry of patients
undergoing PTCA alone for the same condition (NHMRC level III-3). The lesions of
those undergoing PTCRA-PTCA were more likely to be longer and located in smaller
vessels than those undergoing PTCA alone. Success rates between the groups were
similar (98 per cent for PTCRA-PTCA versus 93 per cent for PTCA alone; p=0.068), but
mean final diameter stenoses favoured those undergoing PTCRA-PTCA [18 per cent (18
per cent) compared to 25 per cent (18 per cent); p=0.004].
A comparison between PTCRA and excimer laser coronary angioplasty, both with
adjunctive PTCA, in the treatment of in-stent restenosis was performed by Mehran et al.
(2000). The authors found no significant differences in the pre-intervention
characteristics, final post-intervention angiographic analysis or long-term clinical
outcomes between the groups.
The results of three case series (Sharma et al. 1998, Radke et al. 1999, vom Dahl et al.
1999) are not discussed.
Effectiveness in lesions refractory to coronary angioplasty

Technical failures may arise during balloon angioplasty due to a failure to cross the lesion
with the balloon catheter or to inflate the balloon due to rigidity of the lesion. In some
lesions, PTCA may be avoided altogether because of unfavourable findings on coronary
angiography. It has been suggested that PTCRA be considered in the management of
lesions refractory to PTCA, or for those patients where the only feasible alternative is
CABG. However, such patients may not cope well with the rigors of open-chest surgery,
particularly those with underlying comorbidities that would be contraindicated for such a
procedure, and it is these patients who may be best-served with PTCRA. By partial
ablation of the lesion, PTCRA may result in a substantial decrease in plaque burden so
that other techniques are unnecessary or may alter plaque morphology such that other
adjunctive techniques may be used. Four case series (Rosenblum et al. 1992, Brogan et al.
1993, Reisman et al. 1993b, Sievert et al. 1993) enrolling a total of 180 patients have been
published that provide some evidence for the effectiveness of PTCRA in these situations
(Table 25).
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Table 25

Reasons for application of PTCRA following failure of PTCA in four case series.*

Study

*
†
‡

Patient inclusion and number of lesions

Brogan et al. 1993

Inability to fully dilate the lesion (n=28); inability to cross the lesion with balloon dilatation
catheter despite guide wire positioning (n=8); immediate elastic recoil despite adequate balloon
expansion (n=7); unknown mechanism (n=7).

Reisman et al. 1993b†

Inability to dilate lesion despite PTCA inflation pressure of at least 12 atm (n=67).

Sievert et al. 1993

High-degree coronary stenosis or coronary occlusion that could be passed with a guide wire but
not with a balloon catheter or recanalisation catheter (n=32).

Rosenblum et al. 1992

Failure of PTCA (n=41).‡

Abbreviations: atm=atmosphere; PTCA=percutaneous transluminal coronary angioplasty; PTCRA=percutaneous transluminal coronary rotational
atherectomy.
Available in abstract form only.
No specific criteria given.

Rosenblum et al. (1992) reported on the experience of 36 patients with 41 lesions who
had previously failed PTCA. Rotational atherectomy was successful in 40 of 41 lesions
(97.6 per cent). In 10 patients (27.8 per cent), PTCRA was used as a single procedure
without adjunctive PTCA, while in 26 patients (72.2 per cent) the lesion required
adjunctive PTCA. Mean lumen diameter narrowing prior to intervention was 79 per cent
(14) decreasing to 35 per cent (16) following PTCRA, and 18 per cent (11) following
PTCRA-PTCA. After a mean follow-up of nine months, seven of 24 patients (29.2 per
cent) developed clinical or angiographic evidence of restenosis.
Forty one patients with 50 lesions were studied by Brogan et al. (1993). After PTCRA,
mean per cent diameter stenosis was reduced from 72 per cent (14) to 41 per cent (16).
In 44 lesions, the use of adjunctive PTCA resulted in a final diameter stenosis of 25 per
cent (17). Procedural success was attained in 37 to 41 (90.2 per cent) patients and six of
17 (35.3 per cent) patients had restenosis after about seven months of follow-up.
In the 67 patients studied by Reisman et al. (1993b), 13 underwent PTCRA alone and 54
underwent PTCRA with adjunctive PTCA. The authors report an overall success rate of
96 per cent with a 36 per cent restenosis rate at six months in those patients undergoing
PTCRA-PTCA.
Sievert et al. (1993) reported that in 15 of 32 (46.9 per cent) cases PTCRA attained a
sufficient increase in lumen diameter with the remainder requiring balloon dilatation
using adjunctive PTCA. The mean percentage diameter stenosis was reduced from 95 per
cent (10) to 33 per cent (6).
The San Antonio Rotablator Study (Kiss et al. 1999) observed 111 patients with heavilycalcified lesions of at least 15mm in length undergoing PTCRA with adjunctive PTCA.
This case series (NHMRC level IV) reported that the procedure was successfully
performed in 98.1 per cent of subjects with a mean luminal gain post-procedure of 1.01
(0.50) mm. Following six months of follow-up, 18 of 64 patients developed restenosis of
the previously-treated vessel.
No study was identified that directly compared PTCRA with CABG surgery.
Summary

When conventional PTCA, with or without stent placement, is feasible (in 95 per cent of
cases), PTCRA appears to confer no additional benefit to the patient.
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In cases of in-stent restenosis, there is limited and conflicting published evidence, and no
long-term data, to support the routine use of rotational atherectomy. Expert clinical
opinion indicates that, in certain circumstances, rotational atherectomy is a useful
adjunctive procedure to increase the success of subsequent angioplasty in achieving
satisfactory revascularisation in complicated or calcified lesions.
In specific cases where conventional angioplasty and stenting cannot successfully be
undertaken or is associated with a poor clinical or angiographic outcome, PTCRA
appears to be an effective adjunctive procedure to increase the likelihood of successful
revascularisation. This conclusion is supported by evidence from case series and clinical
experience; however, it may not be possible to undertake randomised trials to verify this.
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What are the economic considerations?
This section presents a cost analysis of adjunctive rotational atherectomy for lesions of
the coronary arteries in Australia using modelled PTCA rates.
The overall cost effectiveness of PTCRA will depend on the cost per course of treatment
and the effectiveness of treatment in each indication treated. In addition, the overall cost
to the health system will depend on the estimated number of procedures in a given
period of time. The previous section has shown the effectiveness of PTCRA varies
across indications and the evidence for support is variable. Given that the indications do
not have homogeneous outcomes, it was not possible to calculate a single cost
effectiveness ratio.
No published cost-effectiveness or cost studies of PTCRA in Australia were identified.
However, Australian cost data have been identified from a tertiary setting where PTCRA
is provided in Australia (Monash Medical Centre, Melbourne). These data reflect real
costs of providing PTCRA as an adjunct to PTCA in a tertiary setting, and analyses in
this review have incorporated these cost data.
The section represents only an indication of the potential costs and savings to the health
system, rather than an estimate of the cost effectiveness of the technology, by utilising
PTCRA as an adjunct to PTCA, when PTCA fails or instead of CABG surgery.
Estimated utilisation

The proportion of PTCRA procedures in relation to artherectomies is variable (Table 4).
In extrapolating future utilisation rates, three broad approaches are employed. All
techniques use either statistical models or extrapolation derived from existing data. The
first approach estimates the number of PTCA procedures to be undertaken between
2001 and 2005. The second uses the current figure of two per cent as the percentage of
all PTCA procedures receiving adjunctive PTCRA. The last approach uses local cost data
to estimate potential costs, or savings, to the Australian health system.
The relationship between the number of PTCA procedures and latent temporal
characteristics is assumed to take on one of several forms (Table 26 and Figure 10).
Overall, the estimated number of PTCA procedures is sensitive to the particular
relationship assumed with almost a two-fold difference existing among the range of
estimates. The estimates derived from the log-normal model are extreme. However, the
distinction between estimates derived from the linear, quadratic or cubic models are not
as clearly defined. This analysis proceeded with the assumption that the linear model
provides a reasonable approximation of the potential number of PTCA procedures in the
next half-decade.
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Table 26

Estimated number and 95% confidence intervals of PTCA procedures (× 1,000) for
2001-2005 allowing for particular assumptions in the temporal relationship.*

Year

Linear

Quadratic

Log-normal

2001

21.1 (18.5, 23.6)

26.6 (25.6, 27.5)

31.1 (30.6, 31.5)

2002

22.6 (19.9, 25.2)

29.7 (28.6, 30.9)

36.8 (36.1, 37.4)

2003

24.0 (21.3, 26.8)

33.1 (31.8, 34.5)

43.5 (42.7, 44.3)

2004

25.5 (22.6, 28.5)

36.7 (35.1, 38.4)

51.5 (50.4, 52.5)

27.0 (24.0, 30.1)

40.5 (38.6, 42.5)

60.9 (59.5, 62.3)

0.9594

0.9983

0.9923†

2005
Adjusted

Abbreviations: PTCA=percutaneous transluminal coronary angioplasty; R2=coefficient of determination.
Pseudo-R 2.

Estimated number of PTCA procedures (x 1,000)

*
†

R2
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Figure 10

Estimated number of PTCA procedures for 2001-2005.

The proportion of PTCRA procedures, in comparison to the number of PTCA
procedures, is variable (Table 4). In 1993, 1.4 per cent of all PTCA procedures involved
PTCRA. In 1998, this figure was 2.0 per cent. Expert clinical opinion suggests that
although the number of PTCRA procedures is likely to increase due to continued
increase in the number of PTCA procedures undertaken, PTCRA is expected to be used
in two per cent of cases in the long-term.
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Cost of PTCRA

The total cost of a PTCRA procedure per year includes both capital costs and costs
associated with operating the device. Expert clinical opinion and local data suggest that
an average of 70 minutes per procedure is required. A summary of the incremental costs
associated with providing PTCRA as an adjunct to PTCA, for both local and national
provision of PTCRA, is presented in Table 27.
The capital cost per annum, while assumed to be borne by the health provider, is
calculated as the constant payment required per year with the expected cost of capital,
effective life and present value of the capital equipment. In a single tertiary setting, the
capital cost per annum is $5,380. If five PTCRA procedures are conducted per annum,
the cost per PTCRA procedure is $1,076 (see Table 27, Monash Medical Centre 2001
data). If extrapolated to a national level, capital cost per annum remains at $5,380 but
procedural cost is reduced to $517 (i.e. $5,380/10.4). Readers should note that this
assumes that 25 PTCRA units (estimate provided by Boston Scientific Pty Ltd) are used
to perform all 260 PTCRA procedures (see Davies & Senes 2000) per annum at an
average of 10.4 procedures per PTCRA unit.
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Table 27

Local (i.e. Australian) incremental costs of performing PTCRA as an adjunct to PTCA*

Item

Monash Medical
Centre 2001†

Estimate of
Australian 1999
costs†

Comments

Major capital equipment
Cost of PTCRA console, $
Estimated life of console, years
Cost of equipment per year for
estimated life, $
Annual maintenance cost, $
Opportunity cost, %
Total equipment cost per year, $

22,000

22,000

5

5

4,400

4,400

100

100

4

4

5,380

5,380

Estimated number of units in Australia,
n

25

Cost of unit to Monash Medical
Centre

Purchase of console comes with a
1-year guarantee.

Estimate provided by Boston
Scientific Pty Ltd

Number of PTCRA procedures, n

5

260

Estimated number of procedures per
unit, n

5

10.4

1,076

517

PTCRA advancers, $

1,080

1,080

PTCRA catheters, $

2,050

2,050

300

300

25

25

Unit price is $50 for N 2 gas cylinder
that lasts 2 PTCRA procedures.

524

524

Drapes, angioplasty kit $200;
gowns, drugs, films $80; introducer
sheath $14; guiding catheter $180;
arterial contrast $50,

3,979

3,979

Average length of procedure, min

70

70

Total hourly wage rate for catheter
laboratory staff, $‡

246

246

Total staffing cost per procedure, $

287

287

4,266

4,266

Capital cost per procedure, $

No. of PTCRA procedures in 1999

Equipment cost per procedure

PTCRA guide wires, $
Nitrogen gas cylinders, $
Consumables

Total equipment cost per procedure, $

Unit price is $1,025. A minimum of 2
burrs/catheters used per procedure.
Unit price is $1,500 for a box of 5
wires ($300 per wire).

Staffing costs per procedure

Total treatment cost per procedure, $
*
†
‡

30min prior to PTCRA, 20min to
introduce wires, 20min for PTCRA
procedure: all additional to PTCA

Equipment cost plus staffing cost

Abbreviations: PTCRA=percutaneous transluminal coronary rotational atherectomy.
All estimates are rounded up to the nearest unit.
Hourly rates from a teaching hospital: cardiologist, $96.10; registrar, $30.68; radiographer, $29.24; scrub nurse, $26.03; 1.5 circulating nurses,
$23.76. cardiac technologist:, $27.74.
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The total treatment cost of $4,266 relates to the single-use devices and consumables
utilised in the procedure, and staff time. However, this also assumes a maximum of two
burrs per procedure are used (additional burrs used per procedure will clearly increase
procedural costs). While 1999 data demonstrate that two per cent of all coronary
interventional procedures require PTCRA, expert clinical opinion suggests fewer
procedures may be conducted if referrals from physicians/fellow cardiologists to the
‘trained cardiologist’ providing PTCRA are not considered. As a result, such patients are
often re-admitted for further interventional procedures or surgery within the subsequent
24 hour period. This may be reflected in the reported reduction of PTCRA procedures
by 59 per cent from 1997 to 1998 and by 10 per cent from 1998 to 1999.
Cost of PTCA and CABG

The hospitalisation costs (DHAC 2001) of PTCA and CABG are presented in Table 28.
The major assumption underlying the use of these estimates was the similarity in the base
population providing the primary data. For most indications evaluated in this report, the
natural history of a series of patients receiving PTCA or CABG who would have
benefited from the use of PTCRA is not available. Only a well-conducted prospective
cohort study or randomised controlled trial will be able to provide these estimates.
Table 28
DRG
Code

*

Average lengths of stay and costs associated with PTCA and CABG in public and
private sector hospitals (DHAC 2001).*
Description

Average Length
of Stay (Days)
Public
Private

Average Cost
per DRG ($)
Public
Private

F05A

Coronary bypass with invasive investigational procedure with
catastrophic complications

16.32

16.53

23,431

15,883

F05B

Coronary bypass with invasive investigational procedure
without catastrophic complications

12.36

12.08

18,496

12,905

F06A

Coronary bypass without invasive investigational procedure
with catastrophic or serious complications

9.57

11.48

16,219

12,763

F06B

Coronary bypass without invasive investigational procedure
without catastrophic or serious complications

7.30

8.55

12,818

10,523

F15Z

Percutaneous coronary angioplasty without AMI with stent

2.62

3.66

5,186

6,399

F16Z

Percutaneous coronary angioplasty without AMI without stent

2.81

3.48

4,260

5,268

Abbreviations: CABG=coronary artery bypass graft; PTCA=percutaneous transluminal coronary angioplasty.

Indicative cost-analysis of adjunctive PTCRA

The local cost of PTCA in a public setting (see Table 28; F15Z) with adjunctive PTCRA
is $9,452 per procedure (i.e. ‘percutaneous coronary angioplasty without AMI with stent’
@ $5,186 + PTCRA @ $4,266). If two per cent of all coronary interventional procedures
are considered appropriate for PTCRA, a simple cost analysis using modelled PTCA
utilisation rates suggests that between 370 and 472 PTCRA procedures will be conducted
in 2001 at an additional cost to the health system of between $1,578,420 and $2,013,552
(Table 29). Estimated procedural costs for years 2002 to 2005 are also presented in Table
29. However, this assumes there are no adverse events requiring re-admission or
emergency surgery. The reader is advised to consider the data carefully since current
PTCRA usage is much lower than the modelled data appear to predict. If this remains
the case, future PTCRA costs are likely to be reduced further.
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Table 29

*

Estimated number and costs of adjunctive PTCRA procedures in public hospitals for
2001-2005*
Year

PTCRA, n

PTCRA incremental cost, $ million

2001

370 - 472

1.58 – 2.01

2002

398 - 504

1.70– 2.15

2003

426 - 536

1.82 – 2.29

2004

452 - 570

1.93 – 2.43

2005

480 - 602

2.05 – 2.57

Abbreviations: PTCA=percutaneous transluminal coronary rotational atherectomy;

Indicative cost-analysis of PTCRA in lesions refractory to PTCA or when CABG is
contraindicated

Reasons for failure of PTCA in four case series (Rosenblum et al. 1992, Brogan et al.
1993, Reisman et al. 1993b, Sievert et al. 1993) are listed in Table 25. For patients such as
these, the only feasible alternative is CABG. At the present time, there is no published
study comparing PTCRA to CABG in a single population of patients, probably due to
the ethical difficulty and infeasibility of such an endeavour. In addition, there is no report
or estimate of the number or percentage of patients undergoing CABG surgery for
which PTCRA would prove beneficial. Since 574, or 3.85 per cent, of all CABG
procedures in Australia in 1998 were for single-vessel bypass without a concomitant
procedure (see page 12 and Davies & Senes 2001), an assumption has been made that
PTCA with adjunctive PTCRA can, at best, be performed on all these patients, thereby
potentially avoiding the need for CABG procedures in these patients.
However, this assumption is problematic because while not all CABG procedures can be
converted to PTCRA (i.e. contraindicated for angioplasty because of anatomical
placement of blockages, e.g. left main disease), the proportion of single-vessel CABG
procedures able to be converted to PTCRA is not known. As a result, costs presented
below are indicative only and are not relevant outside an Australian context.
An indicative cost analysis comparing the two procedures, and in which the best-case
scenario is represented, is summarised in Table 30. It is assumed that PTCRA is
adjunctive to PTCA and that the two procedures do not significantly alter the course of
treatment of patients compared to PTCA or CABG (an assumption that may not hold if
patients have poorer pre-procedural characteristics, an increased risk for adverse events,
poor outcomes, etc.). Furthermore, patients with refractory lesions are also more likely to
possess significant complex comorbidities.
When compared with CABG surgery (Table 30), PTCRA adjunctive to PTCA could
represent an additional saving of $3,366 per CABG procedure avoided (i.e. ‘coronary
bypass without invasive investigational procedure without catastrophic or serious
complications’ @ $12,818 – [PTCA @ $5,186 + PTCRA @ $4,266]), or a maximum
saving of $1,932,084 to the health system. However, this assumes that all single-vessel
CABG procedures do progress to PTCRA and that all outcomes do not require further
percutaneous or surgical intervention. Readers should exercise caution when considering
these results because there are no supporting data to support the assumption that all
single-vessel CABG procedures can be adequately managed by PTCA with adjunctive
PTCRA.
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Table 30
Outcome

Estimated cost CABGs avoided due to adjunctive PTCRA procedures in public
hospitals, using 1998 data
Number, n

CABG

PTCA + PTCRA

Maximum saving

Cost, $

1

12,818

9,452

3,366

Cost, $

574

7,357,532

5,425,448

1,932,084

Summary

Cost-effectiveness ratios could not be determined. Australian cost data demonstrate that
PTCRA, used as an adjunct to PTCA in the two per cent of cases where PTCRA is
deemed, would be expected to cost the health system less than an additional $2 million
per year. In addition, PTCRA is estimated to save the health system, at best, $1.9 million
when used in lesions refractory to PTCA or as an alternative to CABG for single-vessel
disease. However, estimated cost savings may be misleading since this assumption is
problematic - the proportion of single-vessel CABG procedures able to be converted to
PTCRA is not known. Costs are indicative only and are not relevant outside an
Australian context.

50

Percutaneous transluminal coronary rotational atherectomy

Conclusions
The available evidence supporting different clinical uses of rotational atherectomy is
incomplete and the quality of evidence is of variable standard. Available high-level
evidence does not address some important clinical issues. In some instances, conflicting
results are apparent.

Safety
The available evidence from RCTs suggests that PTCRA with or without PTCA is no
more likely to result in death, Q-wave infarcts or emergency surgery than PTCA alone
either during the in-hospital period or within six months of the procedure. Patients are
also less likely to experience angiographic dissection or proceed to bailout stenting.
However, as this review went to print, vom Dahle et al. (2002) published six month data
from their ARTIST RCT (in which in-stent restenosis was assessed following PTCRA
and PTCA) reporting that six month event-free survival was significantly higher after
PTCA (91.3 per cent) compared with PTCRA (79.6 per cent. p=0.0052).
Since perforation rates - the major and most immediately recognisable adverse event
associated with interventional cardiology procedures - are not statistically significantly
different from those associated with PTCA, it would appear the PTCRA is as safe as
PTCA in the first 24 hours of the procedure. However, there is insufficient data to
conclude whether PTCRA is as safe as PTCA in revascularising different types of
coronary artery lesions. Minor complications such as temporary vessel spasm and
slow/no flow phenomena are also increased.

Effectiveness
When conventional PTCA, with or without stent placement, is feasible (in 95 per cent of
cases), PTCRA appears to confer no additional benefit to the patient. This conclusion is
supported by evidence from randomised trials.
In cases of in-stent restenosis, there is limited and conflicting published evidence, and no
long-term data, to support the routine use of rotational atherectomy. Expert clinical
opinion indicates that, in certain circumstances, rotational atherectomy is a useful
adjunctive procedure to increase the success of subsequent angioplasty in achieving
satisfactory revascularisation in complicated or calcified lesions.
PTCRA appears to be an effective adjunctive procedure for increasing the likelihood of
successful revascularisation in specific cases where conventional angioplasty and stenting
cannot be undertaken. It also may be applicable when these procedures are associated
with a poor clinical or angiographic outcome, including some cases where CABG surgery
may be the preferred therapeutic modality.. This conclusion is supported by evidence
from case series and clinical experience; however, it may not be possible to undertake
randomised trials to verify this.
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Cost-effectiveness
Cost-effectiveness ratios could not be determined given the limitations of the data on
effectiveness and the paucity of robust cost estimates arising from high-quality studies.
Australian cost data demonstrate that PTCRA, used as an adjunct to PTCA in the two
per cent of cases where PTCRA is deemed appropriate, would be expected to cost the
health system less than an additional $2 million per year. In addition, PTCRA is
estimated to save the health system, at best, $1.9 million when used in lesions refractory
to PTCA or as an alternative to CABG for single-vessel disease. However, these cost
savings may be misleading since the assumption made is problematic - the proportion of
single-vessel CABG procedures able to be converted to PTCRA is not known. Costs are
indicative only and are not relevant outside an Australian context.
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Recommendations
MSAC recommended that on the evidence pertaining to percutaneous transluminal
coronary rotational atherectomy (PTCRA):
1) Public funding is supported for the following specific indications:
a) For revascularisation of complex and heavily calcified coronary artery lesions
which cannot be treated by percutaneous transluminal coronary angioplasty
(PTCA) alone or when previous PTCA attempts have not been successful; and
b) For revascularisation of complex and heavily calcified coronary artery stenoses
where coronary artery bypass graft (CABG) surgery is contra-indicated.
2) Public funding is not supported for the following indications:
a) For revascularisation of coronary artery stenoses which can be satisfactorily
treated by PTCA alone, with or without stent placement; and
b) For revascularisation of coronary artery in-stent restenoses as a result of prior
coronary artery intravascular interventions (since no long-term data exist and
short-term data are conflicting).
The Minister for Health and Ageing accepted this recommendation on 17 September 2002.
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Appendix A

MSAC terms of reference and
membership

MSAC's terms of reference are to:
•

advise the Minister for Health and Ageing on the strength of evidence pertaining
to new and emerging medical technologies and procedures in relation to their
safety, effectiveness and cost-effectiveness and under what circumstances public
funding should be supported;

•

advise the Minister for Health and Ageing on which new medical technologies
and procedures should be funded on an interim basis to allow data to be
assembled to determine their safety, effectiveness and cost-effectiveness;

•

advise the Minister for Health and Ageing on references related either to new
and/or existing medical technologies and procedures; and

•

undertake health technology assessment work referred by the Australian Health
Ministers’ Advisory Council (AHMAC), and report its findings to AHMAC.

The membership of MSAC has a mix of clinical expertise covering pathology, nuclear
medicine, surgery, specialist medicine and general practice, plus clinical epidemiology and
clinical trials, health economics, consumers, and health administration and planning:
Member

Expertise or Affiliation

Dr Stephen Blamey (Chair)
Professor Bruce Barraclough
Professor Syd Bell
Dr Paul Craft
Professor Ian Fraser
Associate Professor Jane Hall
Dr Terri Jackson
Ms Rebecca James
Professor Brendon Kearney
Mr Alan Keith

general surgery
general surgery
pathology
clinical epidemiology and oncology
reproductive medicine
health economics
health economics
consumer health issues
health administration and planning
Assistant Secretary, Diagnostics and Technology Branch,
Commonwealth Department of Health and Aging
internal medicine
health research
nuclear medicine
consumer health issues
paediatrics
general practice
plastic surgery
clinical epidemiology and clinical trials
Chief Medical Officer, Commonwealth Dept Health & Aging
neurological surgery, representing the Australian Health
Ministers’ Advisory Council
radiology
urology

Associate Professor Richard King
Dr Ray Kirk
Dr Michael Kitchener
Mr Lou McCallum
Emeritus Professor Peter Phelan
Dr Ewa Piejko
Dr David Robinson
Professor John Simes
Professor Richard Smallwood
Professor Bryant Stokes
Associate Professor Ken Thomson
Dr Douglas Travis
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Appendix B

Supporting committee

Supporting committee for MSAC application 1036 Rotational Atherectomy for Complex Lesions of the Coronary Arteries
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Dr David Robinson
(Chair – from October 2001)
MBBS, FRCS, FRACS,
President of Senior Medical Staff Association
Princess Alexandra Hospital, Brisbane

member of MSAC

Dr Ross Blair (Chair – until October 2001)
MBChB, RACS
Thoracic and Vascular Surgeon
Director of Vascular Surgery
Waikato Hospital, New Zealand

member of MSAC (until
October 2001)

Dr David Jarvis
MB ChB FRACGP BA BLitt
Canberra, ACT

Nominated by the Royal
Australian College of
General Practitioner

Associate Professor Richmond Jeremy
MBBS FRACP PhD(Medicine)
Department of Cardiology
Royal Price Alfred Hospital
Sydney, New South Wales

Nominated by the Royal
Australian College of
Physicians

Mr Ivan Kayne
Donvale, Victoria

Nominated by the
Consumers’ Health Forum
of Australia

Associate Professor Ian Meredith
MBBS(Hons) BSc(Hons) PhD FRACP FACC
Director Cardiac Catheterisation and
Interventional Laboratories
Head Cardiovascular Research Group
Monash Medical Centre, Victoria
Dr Mark Pitney
MBBS FRACP MSCAI
Director Cardiac Catheterisation Laboratories
Eastern Heart Clinic
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Appendix C

Randomised controlled trials
included in the review
Characteristics of the Study Population†

Study

Location

Dates of Enrolment

Safian et al. 2001

USA

Whitlow et al. 2001
Buchbinder et al. 2000#
Dill et al. 2000
Sharma et al. 1999#

Length of
Follow-up

Size

Age (years)
Mean (SD)

Sex Ratio
(M:F)

?‡

222

I=67 (10)
C=65 (10)

I=72:32
C=83:35

6 months

USA

?

497

I=62.3 (10.6)
C=62.4 (11.2)

I=157:92
C=175:73

1 year

USA

?

675

I=63.6
C=64.4

I=223:105
C=239:103

In-hospital

Germany

May 1992 to May
1996

502

I=61 (9)
C=62 (9)

I=185:67
C=186:64

6 months

USA

?

100

?

?

In-hospital

I=21:5
C=22:2

In-hospital

Eltchaninoff et al. 1997

France

?

50

I=61 (11)
C=56 (11)

Niazi et al. 1997#

Saudi
Arabia

To Feb 1997

150

?

I=130:20
C=132:18

6 months

Germany

Oct 1991 to Aug
1992
Jan 1993 to Dec
1993

685

I=61.6 (10.0)
C(a)=62.5 (9.5)
C(b)=61.7 (8.8)

I=184:47
C(a)=180:42
C(b)=180:52

6 months to
1 year

USA

?

442

?

I=135:87
C=154:66

?

Guerin et al. 1996

France

Apr 1992 to Sep
1993

64

I=64.6 (10.8)
C=63.3 (10.4)

I=25:7
C=23:9

6 months

Danchin et al. 1995¶

France

Jan 1991 to Dec
1992

100

I=57 (10)
C=58 (10)

I=42:8
C=43:7

In-hospital

Reifart et al. 1997§

Reisman et al. 1997#

*
†
‡
§
#
¶

Abbreviations: C=comparison group; F=female; I=intervention group; M=male; SD=standard deviation.
Information is given for intervention and comparison groups.
Unstated, unclear, or unknown.
C(a)=percutaneous transluminal coronary angioplasty, C(b)=excimer laser coronary angioplasty.
Available in abstract form only.
Randomised crossover trial. Primary results prior to crossing of therapies analysed.
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Appendix D

Health technology agencies
websites searched

L'Agence Nationale d'Accréditation et d'Evaluation en Santé (ANAES).
http://www.anaes.fr/ANAES (Accessed 1 March 2001).
L'Agence Nationale pour le Developpement de l'Evaluation Medicale (ANDEM).
http://www.upml.fr/andem/andem.htm (Accessed 1 March 2001).
Agence d'Évaluation des Technologies et des Modes d'Intervention en Santé (AÉTMIS).
http://www.aetmis.gouv.qc.ca/ (Accessed 1 March 2001).
Agencia de Evaluación de Tecnologias Sanitarias (AETS). http://www.isciii.es/aets
(Accessed 1 August 2001).
Agencia de Evaluación de Tecnologías Sanitarias de Andalucia (AETSA).
http://www.csalud.junta-andalucia.es/orgdep/AETSA (Accessed 1 March 2001).
Agency for Healthcare Research and Quality. http://www.ahrq.gov/ (Accessed 1
March 2001).
Alberta Heritage Foundation for Medical Research (AHFMR).
http://www.ahfmr.ab.ca/index.html (Accessed 1 March 2001).
Australian Safety and Efficacy Register of New Interventional Procedures – Surgical
(ASERNIPS). http://www.racs.edu.au/open/asernip-s.htm (Accessed 1 March 2001).
Basque Office for Health Technology Assessment (OSTEBA).
http://www.euskadi.net/sanidad/ (Accessed 1 March 2001).
British Columbia Office of Health Technology Assessment (BCOHTA).
http://www.chspr.ubc.ca/ (Accessed 1 March 2001).
Canadian Coordinating Office for Health Technology Assessment (CCOHTA).
http://www.ccohta.ca/ (Accessed 1 March 2001).
Catalan Agency for Health Technology Assessment (CAHTA).
http://www.aatm.es/ang/ang.html (Accessed 1 March 2001).
Center for Medical Technology Assessment (CMT). http://ghan.imt.liu.se/cmt/
(Accessed 1 March 2001).
The Centre for Health Services and Policy Research (CHSPR).
http://www.chspr.ubc.ca/ (Accessed 1 March 2001).
Danish Institute for Health Services Research (DSI). http://www.dsi.dk/ (Accessed 1
March 2001).
Danish Institute for Health Technology Assessment (DIHTA). http://www.dihta.dk/
(Accessed 1 March 2001).
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ECRI. http://www.healthcare.ecri.org/ (Accessed 1 March 2001).
EUROSCAN. http://www.ad.bham.ac.uk/euroscan/index.asp (Accessed 1 March
2001).
Finnish Office for Health Care Technology Assessment.
http://www.stakes.fi/finohta/e/ (Accessed 1 March 2001).
Health Council of the Netherlands. http://www.gr.nl/engels/welcome/frameset.htm
(Accessed 1 March 2001).
Institute for Clinical Systems Improvement. http://www.icsi.org/talist.htm (Accessed 1
March 2001).
Institute of Technology Assessment of the Austrian Academy of Science.
http://www.oeaw.ac.at/ita/welcome.htm (Accessed 1 March 2001).
International Network of Agencies for Health Technology Assessment (INHATA).
http://www.inahta.org/ (Accessed 1 March 2001).
International Society of Technology Assessment in Health Care (ISTAHC).
http://www.istahc.org/ (Accessed 1 March 2001).
Medical Technology & Practice Patterns Institute (MTPPI). http://www.mtppi.org/
(Accessed 1 March 2001).
Medical Technology Assessment Group (M-TAG). http://www.m-tag.net/ (Accessed 1
March 2001).
Minnesota Health Technology Advisory Council. http://www.health.state.mn.us/htac/
(Accessed 1 March 2001).
The National Coordinating Centre for Health Technology Assessment (NCCHTA).
http://www.hta.nhsweb.nhs.uk/ (Accessed 1 March 2001).
NHS Centre for reviews and dissemination, University of York.
http://nhscrd.york.ac.uk/welcome.html (Accessed 1 March 2001).
National Horizon Scanning Centre.
(Accessed 1 March 2001).

http://www.bham.ac.uk/PublicHealth/horizon/

National Institute for Clinical Excellence (NICE). http://www.nice.org.uk/ (Accessed
1 March 2001).
New Zealand Health Technology Assessment (NZHTA). http://nzhta.chmeds.ac.nz/
(Accessed 1 March 2001).
The Norwegian Centre for Health Technology Assessment (SMM).
http://www.oslo.sintef.no/smm/news/FramesetNews.htm (Accessed 1 March 2001).
The Swedish Council on Technology Assessment in Health Care (SBU).
http://www.sbu.se/admin/index.asp (Accessed 1 March 2001).
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Swiss Science Council / Technology Assessment (SWISS/TA). http://www.ta-swiss.ch/
(Accessed 1 March 2001).
TNO Prevention and Health (TNO). http://www.health.tno.nl/homepage_pg_en.html
(Accessed 1 March 2001).
Veterans Affairs Technology Assessment Program (VATAP).
http://www.va.gov/resdev/ps/pshsrd/mdrc.htm#HealthCareTechnologyAssessment
(Accessed 1 March 2001).
WHO Health Technology Assessment Programme Collaborating (Collaborating
Centres). http://www.who.int/pht/technology_assessment/index.html (Accessed 1
March 2001).
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Appendix E

List of excluded studies

Abdelmeguid AE (1997). New technique for stent jail: another niche for the rotablator.
Catheterization & Cardiovascular Diagnosis 42: 321-324.
Adalet K, Meric M, Buyukozuturk K & Ertem G (1994). The value of percutaneous rotational
atherectomy in the treatment heart of coronary heart disease: A case report. Istanbul Tip Fakultesi
Mecmuasi 57: 64-70.
Adgey AAJ, Mathew TP & Harbinson MT (1999). Periprocedural creatine kinase-MB elevations:
Long-term impact and clinical implications. Clinical Cardiology 22: 257-265.
Aguirre FV, Bach R, Donohue TJ, Caracciolo E & Kern MJ (1993). Rotational coronary
ablation: more grist for the interventional mill? [editorial; comment]. Journal of the American College
of Cardiology 21: 296-297.
Ahn SS (1992). Status of peripheral atherectomy. Surgical Clinics of North America 72: 869-878.
Ahn SS & Concepcion B (1996). Current status of atherectomy for peripheral arterial occlusive
disease. World Journal of Surgery 20: 635-643.
Ahn SS & Moore WS (1996). Development of endovascular surgery: Experience at UCLA, 19851990. Asian Journal of Surgery 19: 11-18.
Ahn SS, Yeatman Jr LA, Deutsch LS, Concepcion B, Moore WS, Mehigan JT, Jennings LJ,
Ginsburg R, Wexler L, Mitchell RS, Gupta SK, Cynamon J, Farrell E & Veith FJ (1994).
Peripheral atherectomy with the rotablator: A multicenter report. Journal of Vascular Surgery 19:
509-515.
Ajluni SC, Glazier S, Blankenship L, O'Neill WW & Safian RD (1994). Perforations after
percutaneous coronary interventions: clinical, angiographic, and therapeutic observations.
Catheterization & Cardiovascular Diagnosis 32: 206-212.
Akagi T, Ogawa S, Ino T, Iwasa M, Echigo S, Kishida K, Baba K, Matsushima M, Hamaoka K,
Tomita H, Ishii M & Kato H (2000). Catheter interventional treatment in Kawasaki disease: A
report from the Japanese Pediatric Interventional Cardiology Investigation group. Journal of
Pediatrics 137: 181-186.
Al Kasab S, Habbab M, Ziada A, Joseph D, Bakhshi I & Idris M (1994). Percutaneous coronary
rotablator atherectomy assisted balloon angioplasty: A new device for patients with coronary
artery disease. Saudi Heart Journal 5: 16-22.
Albiero R, Nishida T, Karvouni E, Corvaja N, Vaghetti M, Di Mario C & Colombo A (2000).
Cutting Balloon angioplasty for the treatment of in-stent restenosis. Catheterization &
Cardiovascular Interventions 50: 452-459.
Alvarez JM, Cooke JC, Shardey GC, Goldstein J & Harper RW (1999). Orthodox coronary
artery bypass surgery: The Gold standard in surgical coronary artery disease intervention. Asia
Pacific Heart Journal 8: 148-153.
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Anonymous (2000). Effectiveness of rotational atherectomy in aortocoronary saphenous vein
grafts. American Journal of Cardiology 86: 88-91.
Anonymous (2000). Effectiveness of rotational atherectomy in narrowed left internal mammary
artery grafts to the left anterior descending coronary artery. American Journal of Cardiology 86: 8688.
Antonellis IP, Agrios NI, Patsilinakos SP, Kranidis AJ, Salachas AJ, Ifantis GP, Margaris NG,
Kostopoulos KG, Tavernarakis AG & Rokas SG (1997). Angioplasty without the use of 'Y
connector'. A new, easier and bloodless method. Hellenic Journal of Cardiology 38: 286-291.
Aretz HT, Martinelli MA & LeDet EG (1989). Intraluminal ultrasound guidance of transverse
laser coronary atherectomy. International Journal of Cardiac Imaging 4: 153-157.
Armstrong B, Sketch MH, Jr. & Stack RS (1995). The role of the perfusion balloon catheter after
an initially unsuccessful coronary intervention. Journal of Interventional Cardiology 8: 309-317.
Assali AR, Moustapha A, Sdringola S, Rihner M & Smalling RW (2000). Successful treatment of
coronary artery perforation in an abciximab-treated patient by microcoil embolization.
Catheterization & Cardiovascular Interventions 51: 487-489.
Baciewicz PA, Rosenblum J, Murphy MC & Hansell HN (1992). Rotational/mechanical ablation.
Journal of Invasive Cardiology 4: 254-265.
Bass TA, Gilmore PS & Ceithaml EL (1992). Rotational atherectomy in anomalous coronary
arteries. Catheterization & Cardiovascular Diagnosis 27: 322-324.
Bauriedel G, Schluckebier S, Welsch U, Werdan K & Hofling B (1995). Dislocation of the
rotating cutter during directional coronary atherectomy: A note of caution. Catheterization &
Cardiovascular Diagnosis 35: 244-249.
Belli G & Whitlow PL (1997). Should we spark interest in rotational atherectomy for in-stent
restenosis? [editorial; comment]. Catheterization & Cardiovascular Diagnosis 40: 150-151.
Belli R, De Benedictis M, Varbella F, Castello V & Baduini G (1996). [Coronary rotational
atherectomy: initial experience at a hospital without a special department for heart surgery].
Giornale Italiano di Cardiologia 26: 765-774.
Benrey J, Mesa A, Jain S & Garcia-Gregory JA (1999). Successful rotational atherectomy of midsaphenous vein graft lesions. Journal of Interventional Cardiology 12: 205-208.
Bertrand ME, Lablanche JM, Fourrier JL, Bauters C & Leroy F (1990). Percutaneous coronary
rotary ablation. Herz 15: 285-291.
Bertrand OF, Bonan R, Bilodeau L, Tanguay JF, Tardif JC, Rodes J, Joyal M, Crepeau J & Cote
G (1997). Management of resistant coronary lesions by the cutting balloon catheter: Initial
experience. Catheterization & Cardiovascular Diagnosis 41: 179-184.
Bjarnason-Wehrens B, Predel HG, Graf C & Rost R (1999). Clinical course during the first 6
months after a 4-week ambulatory cardiac rehabilitation program (Cologne model). Herz 24: 7379.
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Borrione M, Hall P, Almagor Y, Maiello L, Khlat B, Finci L & Colombo A (1993). Treatment of
simple and complex coronary stenosis using rotational ablation followed by low pressure balloon
angioplasty. Catheterization & Cardiovascular Diagnosis 30: 131-137.
Borst C, Savalle LH, Smits PC, Post MJ, Gussenhoven WJ & Bom N (1991). Imaging of postmortem coronary arteries by 30 MHz intravascular ultrasound. International Journal of Cardiac
Imaging 6: 239-246.
Bottner RK & Hardigan KR (1997). High-speed rotational ablation for in-stent restenosis [see
comments]. Catheterization & Cardiovascular Diagnosis 40: 144-149.
Bowers TR & O'Neill WW (1995). Coronary rotablation and reserve: can they occur together?
[editorial; comment]. Catheterization & Cardiovascular Diagnosis 36: 277.
Bowers TR, Stewart RE, O'Neill WW, Reddy VM & Safian RD (1997). Effect of Rotablator
atherectomy and adjunctive balloon angioplasty on coronary blood flow. Circulation 95: 11571164.
Bowles M, Palko W, Beaver C, Cowley C & Kipperman R (1996). Clinical and postmortem
outcome of "no-reflow' phenomenon in a patient treated with rotational atherectomy. Southern
Medical Journal 89: 820-823.
Bowling LS, Guarneri E, Schatz RA & Teirstein PS (1996). High-speed rotational atherectomy of
tortuous coronary arteries with guidewire-associated pseudostenosis. Catheterization &
Cardiovascular Diagnosis Suppl: 82-84.
Brown RI, Penn IM & Viera FM (1995). Case report: A new guidewire for coronary rotational
ablation. Catheterization & Cardiovascular Diagnosis 35: 59-63.
Bucay M, Zacca NM, Trakhtenbroit AD, Asimacopoulos PJ, Master H & Raizner AE (1992).
Rotablator induced "shave" of intraluminal cap exposing intramural plaque crater [see
comments]. Catheterization & Cardiovascular Diagnosis 25: 209-212.
Carasso S, Beyar R, Markiewicz W & Reisner SA (2000). Computerized analysis of myocardial
echocardiographic enhancement during coronary revascularization by high-speed rotational
atherectomy. Catheterization & Cardiovascular Interventions 49: 39-44.
Carcagni A, Presbitero P, Maiello L & Piccone U (1999). [Percutaneous coronary angioplasty in
the elderly: a report of 2 cases in patients over 90]. Giornale Italiano di Cardiologia 29: 155-158.
Cardenas JR, Strumpf RK, Heuser RR & Feldman T (1995). Rotational atherectomy in restenotic
lesions at the distal saphenous vein graft anastomosis. Catheterization & Cardiovascular Diagnosis 36:
53-58.
Chaix AF, Barragan P, Silvestri M, Comet B, Bouvier JL, Chaix L, Latour F, Camilleri JF &
Garcia P (1995). [Rotablator and endoprosthesis on the left main coronary trunk]. Archives des
Maladies du Coeur et des Vaisseaux 88: 95-97.
Chevalier B (1992). Techniques of coronary atherectomy. Sang Thrombose Vaisseaux 4: 513-519.
Choussat R, Black AJ, Cassagneau B, Laurent JP, Fajadet J & Marco J (2000). Percutaneous
coronary angioplasty by the radial artery: Feasibility and safety. Archives des Maladies du Coeur et des
Vaisseaux 93: 355-359.
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Chronos NA & Sigwart U (1992). New technologies in interventional cardiology. Current Opinion
in Cardiology 7: 634-641.
Cigarroa JE, Midha S & Jang IK (1995). Directional atherectomy, rotational atherectomy and
coronary stent, followed by coronary bypass operation in a patient with the aggressive restenotic
process. Acta Cardiologica 50: 469-475.
Cohen BM, Blum MA, Weber VJ, Kammona H, Phillips A, Daniels S, Mirabella D, Santiago D
& Banas JS, Jr. (2000). Rotational atherectomy in octogenarians: Results and follow up. American
Journal of Geriatric Cardiology 9: 73-75.
Cohen BM, Weber VJ, Blum RR, Ruck BE, Cohen DE, Haik BJ & Coletti RH (1996). Cocktail
attenuation of rotational ablation flow effects (CARAFE) study: pilot. Catheterization &
Cardiovascular Diagnosis Suppl: 69-72.
Cohen BM, Weber VJ, Kipperman RM, Patterson PE & Buchbinder M (1992). New
revascularization devices: Rotational atherectomy. Primary Cardiology 18
Cohen ID, Khosla S, Levin TN & Feldman T (1999). Rotational atherectomy for left anterior
descending artery septal perforator stenosis [see comments]. Catheterization & Cardiovascular
Interventions 46: 79-82.
Corcos T, Zimarino M, Tamburino C & Favereau X (1993). Role of the different percutaneous
revascularization techniques in single and multivessel coronary artery disease. Cardiologia 38: 383395.
Corr L (1994). New methods of making blocked coronary arteries patent again. BMJ 309: 579583.
Coto H (1999). Emergency platinum coil embolization in a coronary artery perforation with
tamponade during abciximab infusion in acute myocardial infarction. Journal of Interventional
Cardiology 12: 363-366.
Crowley RJ, Hamm MA, Joshi SH, Lennox CD & Roberts GT (1991). Ultrasound guided
therapeutic catheters: Recent developments and clinical results. International Journal of Cardiac
Imaging 6: 145-156.
Dauerman HL, Cohen DJ, Carrozza JP, Jr., Kuntz RE & Baim DS (1998). Rotational
atherectomy for the treatment of restenotic ostial side branches jailed by prior stent placement.
Catheterization & Cardiovascular Diagnosis 43: 447-450.
de Feyter PJ, de Jaegere PP & Serruys PW (1994). Incidence, predictors, and management of
acute coronary occlusion after coronary angioplasty. American Heart Journal 127: 643-651.
De Franco AC, Nissen SE, Tuzcu EM & Whitlow PL (1996). Incremental value of intravascular
ultrasound during rotational coronary atherectomy. Catheterization & Cardiovascular Diagnosis
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Deligonul U (1999). New directions in postangioplasty restenosis. Turk Kardiyoloji Dernegi Arsivi
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Dorros G, Iyer S, Zaitoun R, Lewin R, Cooley R & Olson K (1991). Acute angiographic and
clinical outcome of high speed percutaneous rotational atherectomy (Rotablator(TM)).
Catheterization & Cardiovascular Diagnosis 22: 157-166.
Dudek D, Bartus S, Chyrchel M & Dubiel JS (2000). "No-reflow" phenomenon following
percutaneous coronary intervention. A microvascular thrombosis. Kardiologia Polska 53: 520-523.
Duong van Huyen JP, Fornes P, Iliou MC, Pagny JY, Guermonprez JL & Bruneval P (1996).
Fatal coronary embolization following high-speed rotational atherectomy. Histopathology 29: 7376.
Dupouy D, Belarbi A, El Ghalid A, Aptecar E, Teiger E & Dubois-Rande JL (1995). Fifteen
years of coronary angioplasty: Review of the various techniques. Annales de Cardiologie et
D'Angeiologie 44: 433-437.
Dupouy P, Belarbi A, el Ghalid A, Aptecar E, Teiger E & Dubois-Rande JL (1995). [15 years of
coronary angioplasty: focus on the different techniques]. Annales de Cardiologie et d Angeiologie 44:
433-437.
Dussaillant GR, Mintz GS, Pichard AD, Kent KM, Satler LF, Popma JJ, Bucher TA, Griffin J &
Leon MB (1996). Mechanisms and immediate and long-term results of adjunct directional
coronary atherectomy after rotational atherectomy. Journal of the American College of Cardiology 27:
1390-1397.
Eisenberg MJ, Taylor JM, Cove CJ, Brown KJ, Ellis SG & Topol EJ (1999). Comparison of
percutaneous coronary revascularization costs among HMO and non-HMO cardiologists
practicing in the same institution. Journal of Cardiovascular Diagnosis & Procedures 16: 87-97.
Elizaga J, Garcia E, Zueco J & Serra A (1995). [Registry of activities of the Hemodynamics and
Interventional Cardiology Section in 1994]. Revista Espanola de Cardiologia 48: 783-791.
Ellis SG, Miller DP, Brown KJ, Omoigui N, Howell GL, Kutner M & Topol EJ (1995). Inhospital cost of percutaneous coronary revascularization. Critical determinants and implications.
Circulation 92: 741-747.
Elsner M & Zeiher AM (1998). [Perforation and rupture of coronary arteries]. Herz 23: 311-318.

Percutaneous transluminal coronary rotational atherectomy

65

Eltchaninoff H (1999). [Curative treatment of restenosis]. Archives des Maladies du Coeur et des
Vaisseaux 92: 1589-1593.
Erbel R, Haude M, Dietz U, Rupprecht HJ, Zotz R & Meyer J (1990). New mechanical devices
for treatment of coronary artery disease. Zeitschrift fur Kardiologie 79: 121-129.
Erbel R & Heusch G (1999). Coronary microembolization - Its role in acute coronary syndromes
and interventions. Herz 24: 558-575.
Erbel R, O'Neil W, Auth D, Haude M, Nixdorff U, Dietz U, Rupprecht HJ, Tschollar W &
Meyer J (1989). [High-frequency rotational atherectomy in coronary heart disease]. Deutsche
Medizinische Wochenschrift 114: 487-495.
Erbel R, O'Neill W, Auth D, Haude N, Nixdorf U, Rupprecht HJ, Dietz U & Meyer J (1989).
High-frequency rotablation of occluded coronary artery during heart catheterization.
Catheterization & Cardiovascular Diagnosis 17: 56-58.
Esplugas E, Alfonso F, Alonso JJ, Asin E, Elizaga J, Iniguez A & Revuelta JM (2000). [The
practical clinical guidelines of the Sociedad Espanola de Cardiologia on interventional cardiology:
coronary angioplasty and other technics]. Revista Espanola de Cardiologia 53: 218-240.
Farb A, Roberts DK, Pichard AD, Kent KM & Virmani R (1995). Coronary artery morphologic
features after coronary rotational atherectomy: insights into mechanisms of lumen enlargement
and embolization. American Heart Journal 129: 1058-1067.
Feld S, Ganim M, Carell ES, Kjellgren O, Kirkeeide RL, Vaughn WK, Kelly R, McGhie AI,
Kramer N, Lloyd D, Anderson HV, Schroth G & Smalling RW (1996). Comparison of
angioscopy, intravascular ultrasound imaging and quantitative coronary angiography in predicting
clinical outcome after coronary intervention in high risk patients. Journal of the American College of
Cardiology 28: 97-105.
Feldman T (1999). Rotational atherectomy: new technology, improved technique, and better
results [editorial; comment]. Catheterization & Cardiovascular Interventions 46: 312-313.
Fischell TA & Stadius ML (1991). New technologies for the treatment of obstructive arterial
disease. Catheterization & Cardiovascular Diagnosis 22: 205-233.
Fischer P, Haass M & Eich W (2000). Angina pectoris and high inflammatory activity in a young
man - Takayasu's arteritis. Aktuelle Rheumatologie 25: 97-102.
Foster-Smith K, Garratt KN & Holmes DR, Jr. (1995). Guidewire transection during rotational
coronary atherectomy due to guide catheter dislodgement and wire kinking. Catheterization &
Cardiovascular Diagnosis 35: 224-227.
Foster-Smith K, Garratt KN, Nunez BD, Hibbard MD & Holmes DR, Jr. (1995). Strategies for
the palliation of severe unprotected left main coronary artery disease: use of newer technologies.
Catheterization & Cardiovascular Diagnosis 36: 364-367.
Fourrier JL (1989). Coronary atherectomy by 'Rotablator'. Annales de Cardiologie et D'Angeiologie 38:
505-508.

66

Percutaneous transluminal coronary rotational atherectomy

Fukuda A, Kitayama M, Akao H, Okazaki H, Uesugi K, Kasuga T, Masuyama K, Ohkubo S,
Kanemitsu S & Takekoshi N (2000). Coronary spasm complications coincidental to rotablation:
Intractable diffuse spasm and burr trapping-stalling: Case reports. Japanese Journal of Interventional
Cardiology 15: 432-440.
Gambhir DS (1997). Ostial lesions of the left anterior descending coronary artery: should we
balloon, atherectomize, stent, rotablate, synergise or graft? [editorial]. Indian Heart Journal 49: 131134.
Gambhir DS, Singh S, Sinha SC & Arora R (1997). High speed rotablation to treat instent
restenosis in both branches of a coronary bifurcation stenosis. Indian Heart Journal 49: 311-312.
Gambhir DS, Singh S, Sinha SC, Kaul UA & Arora R (1999). High speed rotational atherectomy
for diffuse in-stent restenosis: short- and mid-term follow-up results. Indian Heart Journal 51: 4146.
Gambhir DS, Sudha R, Singh S, Jain R, Trehan V, Kaul UA & Arora R (1997). Elective coronary
stenting after recanalization for chronic total occlusion: clinical and angiographic follow-up
results. Indian Heart Journal 49: 163-168.
Gehani AA, Latif AB & Rees MR (1998). Fast rotating atherectomy catheter tip inhibits platelet
aggregation and ATP release: A study using platelet-rich plasma. Angiology 49: 833-842.
Gerber TC, Erbel R, Gorge G, Ge J, Rupprecht HJ & Meyer J (1994). Extent of atherosclerosis
and remodeling of the left main coronary artery determined by intravascular ultrasound. American
Journal of Cardiology 73: 666-671.
Gibb MD & Buchbinder M (1992). High speed coronary rotational ablation. Coronary Artery
Disease 3: 908-913.
Gioia G, Comito C & Moreyra AE (2000). Coronary rotational atherectomy via transradial
approach: A study using radial artery intravascular ultrasound. Catheterization & Cardiovascular
Interventions 51: 234-238.
Goerre S (1996). [Cardiac interventions in Switzerland in 1994]. Schweizerische Rundschau fur
Medizin Praxis 85: 1071-1080.
Goerre S (1997). [Cardiac interventions in Switzerland]. Schweizerische Rundschau fur Medizin Praxis
86: 425-431.
Gonschior P, Nerlich A, Bauriedel G, Simpson L, Mack B & Hofling B (1992). Rotational
angioplasty and directional atherectomy to treat complex lesions of the right coronary artery.
Journal of Interventional Cardiology 5: 315-321.
Gorge G, Ge J, Baumgart D, Von Birgelen C & Erbel R (1998). In viva tomographic assessment
of the heart and blood vessels with intravascular ultrasound. Basic Research in Cardiology 93: 219240.
Gorge G, Ge J, Haude M, Baumgart D, Caspari G, Leischik R, Liu F & Erbel R (1995).
Intravascular ultrasound: A guide for management of complications during intervention?
European Heart Journal 16: 86-92.

Percutaneous transluminal coronary rotational atherectomy

67

Gorge G, Ge J, Haude M, Liu F & Erbel R (1996). Intravascular ultrasound for the differential
diagnosis and therapy of coronary artery stenosis. Zeitschrift fur Kardiologie 85: 73-80.
Gorge G, Ge J, Haude M, Shah V, Jeremias A, Simon H & Erbel R (1996). Intravascular
ultrasound for evaluation of coronary arteries. Herz 21: 78-89.
Gorge G, Ge J, Von Birgelen C & Erbel R (1998). Intracoronary ultrasound - The new goldstandard? Zeitschrift fur Kardiologie 87: 575-585.
Goto Y, Nakamura N, Takenaka S, Suyama H, Shirota K, Shiode N, Nakazawa Y, Inoue K &
Nagamatsu T (1998). Coronary stenting after rotational atherectomy in a calcified, totally
occluded complex lesion: A case report. Japanese Journal of Interventional Cardiology 13: 451-454.
Gotsman MS, Mosseri M, Rozenman Y, Admon D, Lotan C & Nassar H (1997). Atherosclerosis
studies by intracoronary ultrasound. Advances in Experimental Medicine & Biology 430
Gregorini L, Marco J, Fajadet J, Bernies M, Cassagneau B, Brunel P, Bossi IM & Mannucci PM
(1997). Ticlopidine and aspirin pretreatment reduces coagulation and platelet activation during
coronary dilation procedures. Journal of the American College of Cardiology 29: 13-20.
Grochenig E, Reichsollner F, Riezler R & Mahr G (1993). First experiences with a high-speed
atherectomy catheter (Rotablator(TM)). Vasa 22: 48-50.
Hale LP, Smith K, Braden GA & Owen J (1998). Orgaran during rotational atherectomy in the
setting of heparin-induced thrombocytopenia. Catheterization & Cardiovascular Diagnosis 45: 318322.
Harris BM, Nageh T, Marsden JT, Thomas MR & Sherwood RA (2000). Comparison of cardiac
troponin T and I and CK-MB for the detection of minor myocardial damage during
interventional cardiac procedures. Annals of Clinical Biochemistry 37: 764-769.
Hashimoto Y, Matsubara T & Watanabe S (2000). Pericardial effusion post-rotational
atherectomy: Case report. Japanese Journal of Interventional Cardiology 15: 174-179.
Haude M, Eick B, Baumgart D, Caspari G, Ge J, Liu F, Gorge G & Erbel R (1996). High-speed
rotational coronary atherectomy. Zeitschrift fur Kardiologie 85: 17-23.
Haude M, Eick B, Baumgart D, Caspari G, Ge J, Liu F, Gorge G & Erbel R (1996). [High
frequency rotational angioplasty]. Zeitschrift fur Kardiologie 85: 17-23.
Haude M, Welge D, Baumgart D, Gorge G, Ge J & Erbel R (1998). Should recessent in-stent
restenosis be treated with conventional balloon angioplasty? Zeitschrift fur Kardiologie 87: 72-77.
Heintzen MP, Michel CJ & Strauer BE (1998). Differential catheter-based therapy of coronary
artery disease. Zeitschrift fur Kardiologie 87: 157-165.
Heintzen MP, Michel CJ & Strauer BE (1998). [Differential interventional therapy of coronary
heart disease]. Zeitschrift fur Kardiologie 87: 157-165.
Henderson RA (1992). Coronary intervention: where are we now? British Journal of Clinical Practice
46: 44-51.

68

Percutaneous transluminal coronary rotational atherectomy

Henry M, Amor M, Ethevenot G & Henry I (1993). Percutaneous peripheral rotational ablation
using the Rotablator: Immediate and mid term results. Single center experience concerning 146
lesions treated. International Angiology 12: 231-244.
Hetterich FS & McEniery PT (1995). Right ventricular infarction following percutaneous
coronary rotational atherectomy. Catheterization & Cardiovascular Diagnosis 34: 321-324.
Higano ST, Lerman A, Garratt KN, Nishimura RA & Holmes Jr DR (1996). Assessing coronary
flow physiology with intracoronary Doppler following coronary interventions. Journal of
Interventional Cardiology 9: 163-173.
Hofling B, Fleuchaus M & Gonschior P (1993). Influence of intracoronary glycerol trinitrate
application on blood flow in the coronary sinus, ST-segment and angina pectoris during
coronary balloon angioplasty. Herz Kreislauf 25: 81-85.
Hombach V, Kochs M, Hoher M, Osterhues HH, Koenig W & Weismuller P (1997).
Alternatives for balloon angioplasty. Radiofrequency angioplasty, directional coronary
atherectomy, high frequency rotation angioplasty and coronary extraction atherectomy. Internist
38: 11-19.
Hombach V, Waltenberger J, Voisard R & Hoher M (1995). [Recurrent stenosis following
coronary angioplasty. Clinical, cell biological and molecular aspects]. Zeitschrift fur Kardiologie 84: 521.
Hombach V, Waltenberger J, Voisard R & Hosher M (1995). Restenosis following coronary
angioplasty. Clinical, cell biological and molecular aspects. Zeitschrift fur Kardiologie 84: 5-21.
Hong MK, Mintz GS, Popma JJ, Kent KM, Pichard AD, Satler LF, Wong C, Brahimi A, Bucher
T & Leon MB (1996). Safety and efficacy of elective stent implantation following rotational
atherectomy in large calcified coronary arteries. Catheterization & Cardiovascular Diagnosis Suppl:
50-54.
Hwang E, Gaxiola E, Vlietstra RE, Brenner A, Ebersole D, Browne K & Balter S (1998). Realtime measurement of skin radiation during cardiac catheterization. Catheterization & Cardiovascular
Diagnosis 43: 367-370.
Ishizaka N, Ikari Y, Hara K, Saeki F, Ishizaka Y, Degawa T, Nakamura M, Sakatani H, Tamura
T & Yamaguchi T (1994). Angiographic follow-up of patients after transluminal coronary
extraction atherectomy. American Heart Journal 128: 691-696.
Jackman JD, Jr., Hermiller JB, Sketch MH, Jr., Davidson CJ, Tcheng JE, Phillips HR & Stack RS
(1992). Combined rotational and directional atherectomy guided by intravascular ultrasound in
an occluded vein graft. American Heart Journal 124: 214-216.
Jacksch R, Niehues R & Bockenforde J (1996). [Value of rotational ablation in reopening chronic
coronary artery occlusion]. Zeitschrift fur Kardiologie 85: 25-31.
Jain D, Kurowski V, Degenhardt M, Katus HA & Richardt G (2000). A rare, unreported
complication during coronary rotational atherectomy. Journal of Invasive Cardiology 12: 428-430.
Ji Won S, Kwang Kon K, Dang Q, In Suck C & Eak Kyun S (1998). Recurrent restenosis
following stent and rotational atherectomy of coronary artery stenosis in Takayasu's arteritis.
International Journal of Cardiology 65: 295-300.
Percutaneous transluminal coronary rotational atherectomy

69

Juilliere Y, Danchin N, Amrein D, Suty-Selton C & Cherrier F (1991). Proximal rupture and
intracoronary entrapment of a rotating device during low-speed rotational coronary angioplasty.
Catheterization & Cardiovascular Diagnosis 23: 34-36.
Kaltenbach M & Vallbracht C (1990). Low speed rotational angioplasty for chronic coronary
artery occlusion. Herz 15: 292-298.
Kaneda H, Saito S, Hosokawa G, Tanaka S & Hiroe Y (2000). Trapped Rotablator: kokesi
phenomenon. Catheterization & Cardiovascular Interventions 49: 82-84; discussion 85.
Kaul U, Singh B, Vijan V, Sudan D & Ghose T (1998). Rotablation-induced coronary
perforation during management of in-stent restenosis. Indian Heart Journal 50: 203-205.
Kaul U, Upasani PT, Agarwal R, Bahl VK & Wasir HS (1995). In-hospital outcome of
percutaneous transluminal coronary angioplasty for long lesions and diffuse coronary artery
disease. Catheterization & Cardiovascular Diagnosis 35: 294-300.
Kawada H, Okayama H, Sumimoto T, Kawasaki S, Takagaki Y, Suzuki M & Nobuyoshi M
(1998). Off pump LITA-LAD bypass grafting and stenting to LCx in a patient with restenosis
after rotablator(TM). Japanese Journal of Interventional Cardiology 13: 545-550.
Keren G, Pichard AD, Kent KM, Satler LF & Leon MB (1992). Failure or success of complex
catheter-based interventional procedures assessed by intravascular ultrasound. American Heart
Journal 123: 200-208.
Khanolkar UB (1996). Percutaneous transluminal rotational atherectomy for treatment of instent restenosis. Indian Heart Journal 48: 281-282.
Khoury A & Kern MJ (1996). Coronary physiology of percutaneous rotational atherectomy.
Catheterization & Cardiovascular Diagnosis Suppl: 15-22.
Khoury AF, Aguirre FV, Bach RG, Caracciolo EA, Donohue TJ, Wolford T, Mechem C,
Herrmann SC & Kern MJ (1996). Influence of percutaneous transluminal coronary rotational
atherectomy with adjunctive percutaneous transluminal coronary angioplasty on coronary blood
flow. American Heart Journal 131: 631-638.
Kijima M, Sato E, Seino Y & Watanabe N (1999). Development of high speed directional
coronary atherectomy: Preliminary clinical application. Japanese Journal of Interventional Cardiology 14:
148-152.
Kimball BP, Lewis SD, Almond DG & Schwartz L (1996). Initial report of rotational ablation:
the Toronto Hospital experience. Canadian Journal of Cardiology 12: 145-150.
Kini A, Marmur JD, Dangas G, Choudhary S & Sharma SK (2000). Angiographic patterns of instent restenosis and implications on subsequent revascularization [see comments]. Catheterization
& Cardiovascular Interventions 49: 23-29.
Kini A, Marmur JD, Duvvuri S, Dangas G, Choudhary S & Sharma SK (1999). Rotational
atherectomy: improved procedural outcome with evolution of technique and equipment. Singlecenter results of first 1,000 patients [see comments]. Catheterization & Cardiovascular Interventions
46: 305-311.

70

Percutaneous transluminal coronary rotational atherectomy

Kjellgren O, Motarjeme A, Feld S, Mishkel DC, Underwood C, Kirkeeide RL & Smalling RW
(1996). Rotational atherectomy with a new device: Initial clinical experience. Catheterization &
Cardiovascular Diagnosis 37: 459-466.
Klues HG, Radke PW, Hoffmann R & vom Dahl J (1997). [Pathophysiology and therapeutic
concepts in coronary restenosis]. Herz 22: 322-334.
Koch KC, Kleinhans E, Klues HG, Schulz G, Sigmund M, Buell U, Hanrath P & vom Dahl J
(1998). Quantitative assessment of transient regional ischemia during rotational atherectomy.
Journal of Nuclear Medicine 39: 402-408.
Koller PT & Mooney MR (1995). Rotablation and stent placement in an unprotected left main
coronary ostial stenosis. Journal of Interventional Cardiology 8: 633-638.
Kolvenbach R & Strosche H (1998). Long term results after rotation angioplasty and catheter
atherectomy. Journal of Cardiovascular Surgery 39: 15-18.
Kolvenbach R, Strosche H & Godehardt E (1996). Is the use of rotation angioplasty and
atherectomy justified with respect to the long-term results? Gefasschirurgie 1: 152-155.
Konstam MA (1997). New trends in the interventional treatment of ischaemic heart disease.
European Heart Journal 18: B16-20.
Kovac J, Dawkins K & Saleh A (1994). Rotablation, another (costly) option in interventional
cardioangiology. Cor et Vasa 36: 39-43.
Kuhn C, Sumpelmann D, Geiger B, Siems R, Kunze KP, Geiger M, Mathey D & Schofer J
(1993). Early control of bleeding following coronary interventional procedures by use of a
bovine collagen plug. Zeitschrift fur Kardiologie 82: 515-520.
Kumar K, Dorros G, Dufek C & Mathiak L (1997). Coronary blood flow velocities during
rotational atherectomy. Catheterization & Cardiovascular Diagnosis 41: 152-156.
Kyriakidis Z & Kremastinos D (1998). Percutaneous coronary rotational atherectomy. Hellenic
Journal of Cardiology 39: 432-441.
Laarman GJ & Serruys PW (1991). Percutaneous coronary rotational angioplasty: preliminary
clinical and quantitative imaging results. International Journal of Cardiac Imaging 7: 47-54.
Lablanche JM (1990). [Treatment of atherosclerosis. New percutaneous intraluminal techniques].
Presse Medicale 19: 1497-1502.
Lablanche JM, Bauters C, Leroy F & Bertrand ME (1990). [Other techniques of arterial
recanalization]. Revue du Praticien 40: 2455-2460.
Lasala JM & Reisman M (1998). Rotablator plus stent therapy (rotastent). Current Opinion in
Cardiology 13: 240-247.
Leisch F & Kerschner K (1990). Complication in rotational angioplasty: Extraction of an
intracoronary metallic ring (x-ray marker) through a balloon catheter. Zeitschrift fur Kardiologie 79:
663-665.

Percutaneous transluminal coronary rotational atherectomy

71

Levin TN, Carroll J & Feldman T (1996). High-speed rotational atherectomy for chronic total
coronary occlusions. Catheterization & Cardiovascular Diagnosis Suppl: 34-39.
Levin TN, Carroll JD & Feldman T (1996). Bail-out stenting for flow limiting dissections after
rotational atherectomy in complex coronary lesions [see comments]. Catheterization &
Cardiovascular Diagnosis 37: 300-304.
Levin TN, Holloway S & Feldman T (1998). Acute and late clinical outcome after rotational
atherectomy for complex coronary disease. Catheterization & Cardiovascular Diagnosis 45: 122-130.
Ling FS, Brennan JJ, Cleman MW & Cabin HS (1994). Physiologic assessment of ostial left
circumflex coronary artery disease using a Doppler guidewire before and after rotational
atherectomy facilitated angioplasty. Catheterization & Cardiovascular Diagnosis 32: 53-57.
Lopez JJ, Ho KK, Stoler RC, Caputo RP, Carrozza JP, Kuntz RE, Baim DS & Cohen DJ (1997).
Percutaneous treatment of protected and unprotected left main coronary stenoses with new
devices: immediate angiographic results and intermediate-term follow-up. Journal of the American
College of Cardiology 29: 345-352.
Lotan C, Rozenman Y, Weiss AT & Gotsman MS (1996). Urgent rotational ablation of a
partially protected, totally occluded left main coronary artery. Catheterization & Cardiovascular
Diagnosis Suppl: 78-81.
Lugmayr H, Hartl P, Schwarz C & Pachinger O (1993). Therapy of diabetic macroangiopathy at
the lower leg using the rotablator - Initial experiences. Rofo. Fortschritte auf dem Gebiete der
Rontgenstrahlen und der Neuen Bildgebenden Verfahren 158: 272-274.
Macaya Miguel C (1993). [The immediate and long-term utility of rotational atherotomes:
extraction atherectomy and rotational ablation atherectomy]. Revista Espanola de Cardiologia 46: 5765.
Machraoui A (1997). Invasive treatment in coronary heart disease. Klinikarzt 26: 13-18.
Maehara A & Fitzgerald PJ (2000). Coronary calcification: Assessment by intravascular
ultrasound imaging. Zeitschrift fur Kardiologie 89
Magosaki N, Tsurumi Y & Hosoda S (1998). [Current approaches to restenosis after coronary
interventions]. Nippon Rinsho - Japanese Journal of Clinical Medicine 56: 242-248.
Mahanonda N, Boonbaichaiyapruck S, Chakorn T & Chaithiraphan S (1997). Transcatheter
coronary revascularization registry 1995. Journal of the Medical Association of Thailand 80: 681-685.
Mahler F, Do DD, Gersbach P & Triller J (1991). [Recent instrumental developments in
percutaneous transluminal angioplasty (PTA)]. Journal des Maladies Vasculaires 16: 146-152.
Maisch B, Funck R, Schonian U & Moosdorf R (1996). Indications for transmyocardial laser
therapy. Zeitschrift fur Kardiologie 85: 269-279.
Marzelle J, Cormier F, Fichelle JM & Cormier JM (1994). Infra-popliteal arterial occlusion:
Endovascular treatment. Journal des Maladies Vasculaires 19: 170-173.

72

Percutaneous transluminal coronary rotational atherectomy

Marzelle J, Fichelle JM, Cormier F, Guez D, Mekouar T, Veroux PF & Cormier JM (1995).
Outcome of infrainguinal endovascular revascularization procedures for limb-threatening
ischemia. Annals of Vascular Surgery 9: S24-S31.
Marzelle J, Veroux P, Cormier F, Fichelle JM & Cormier JM (1993). New trends in limb salvage.
Endovascular therapy of leg arteries. Journal des Maladies Vasculaires 18: 306-309.
Matar FA, Mintz GS, Pinnow E, Javier SP, Popma JJ, Kent KM, Satler LF, Pichard AD & Leon
MB (1995). Multivariate predictors of intravascular ultrasound end points after directional
coronary atherectomy. Journal of the American College of Cardiology 25: 318-324.
McKenna CJ, McCann HA & Sugrue DD (1995). Emergency bail-out stenting for major
coronary dissection complicating rotational atherectomy. Irish Medical Journal 88: 32.
Meany TB, Friedman HZ & O'Neill WW (1991). Coronary rotational atherectomy: clinical
application. Journal of Invasive Cardiology 3: 19-24.
Mehan VK & Meier B (1994). Interventional cardiology: state of the art. Presse Medicale 23: 339344.
Metzger JP, Le Feuvre C, Batisse JP & Vacheron A (1995). [New techniques of interventional
cardiology]. Presse Medicale 24: 537-541.
Metzger JP, Le Feuvre C, Batisse JP & Vacheron A (1995). New devices in interventional
cardiology. Presse Medicale 24: 537-541.
Mintz GS, Hoffmann R, Mehran R, Pichard AD, Kent KM, Satler LF, Popma JJ & Leon MB
(1998). In-stent restenosis: The Washington Hospital Center experience. American Journal of
Cardiology 81
Mintz GS, Pichard AD, Kovach JA, Kent KM, Satler LF, Javier SP, Popma JJ & Leon MB
(1994). Impact of preintervention intravascular ultrasound imaging on transcatheter treatment
strategies in coronary artery disease. American Journal of Cardiology 73: 423-430.
Mintz GS, Popma JJ, Pichard AD, Kent KM, Satler LF, Wong C, Hong MK, Kovach JA & Leon
MB (1996). Arterial remodeling after coronary angioplasty: a serial intravascular ultrasound study.
Circulation 94: 35-43.
Mintz GS, Potkin BN, Keren G, Satler LF, Pichard AD, Kent KM, Popma JJ & Leon MB
(1992). Intravascular ultrasound evaluation of the effect of rotational atherectomy in obstructive
atherosclerotic coronary artery disease. Circulation 86: 1383-1393.
Moliterno DJ & Elliott JM (1995). Randomized trials of myocardial revascularization. Current
Problems in Cardiology 20: 125-190.
Mooney MR & Mooney JF (1993). Issues in evaluating new devices: coronary
atherectomy/rotational ablation. Journal of Invasive Cardiology 5: 79-84.
Moreira AE, Arie S, Garcia DP, Piccioni JL, Aliman AC, Kajita LJ, Morrone LF, Dallan LA &
Zalc S (1996). [Coronary artery perforation with rotational coronary atherectomy]. Arquivos
Brasileiros de Cardiologia 66: 357-360.

Percutaneous transluminal coronary rotational atherectomy

73

Morin AM & Gandjbakhch I (1997). Rotational coronary atherectomy in a cardiac transplant
recipient. Herz Kreislauf 29: 109-111.
Morocutti G, Vendrametto F, Spedicato L, Bernardi G & Earle K (2000). Bail-out rotational
atherectomy to ablate stent struts after treatment of a LAD bifurcation lesion with the Trousers
technique. Catheterization & Cardiovascular Interventions 50: 346-348.
Moussa I, Di Mario C & Colombo A (1998). Plaque removal prior to stent implantation in native
coronary arteries: why? When? And how? Seminars in Interventional Cardiology 3: 57-63.
Moussa I, Di Mario C, Moses J, Reimers B, Di Francesco L, Martini G, Tobis J & Colombo A
(1997). Coronary stenting after rotational atherectomy in calcified and complex lesions.
Angiographic and clinical follow-up results. Circulation 96: 128-136.
Moustapha A & Anderson HV (2000). Revascularization interventions for ischemic heart
disease. Current Opinion in Cardiology 15: 463-471.
Mudra H, Klauss V, Werner F, Regar E, Henneke KH & Theisen K (1996). Application of
intravascular ultrasound during transcatheter therapy. Zeitschrift fur Kardiologie 85: 39-47.
Muhlberger V (1992). Interventional cardiology - State of the Art in Austria 1991. Wiener
Medizinische Wochenschrift 142
Muhlberger V (1992). [The state of development of interventional cardiology in Austria]. Wiener
Medizinische Wochenschrift 142: 324-327, 330.
Muhlberger V, Klein W, Mlczoch J & Probst P (1996). [Quality assurance in invasive and
interventional cardiology in Austria in 1994. Commissioned by the Interventional Cardiology
Working Group of the Austrian Cardiology Society]. Zeitschrift fur Kardiologie 85: 647-655.
Mushahwar SS & Ramsdale DR (2000). Escape from true stent jail by use of the rotablator.
Journal of Invasive Cardiology 12: 99-101.
Myers KA, Zeng GH, Ziegenbein RW, Denton MJ, Devine TJ & Matthews PG (1996). Clinical
and vascular laboratory determinants far outcome after infrainguinal atherectomy. Cardiovascular
Surgery 4: 449-455.
Nayak AK, Davis R, Reddy HK, Krishnan MS, Voelker DJ & Aggarwal K (2000). Left main
coronary artery rotational atherectomy and stenting. Southern Medical Journal 93: 415-423.
Nobuyoshi M (1993). [Clinical experience of Rotablator]. Nippon Rinsho - Japanese Journal of Clinical
Medicine 51: 3318-3322.
Nobuyoshi M (1999). Rotational atherectomy for the septal perforator: drilling into a deep
frontier [editorial; comment]. Catheterization & Cardiovascular Interventions 46: 83-84.
Nunez BD, Keelan ET, Higano ST, Lerman A, Garratt KN & Holmes DR, Jr. (1996). Coronary
hemodynamics before and after rotational atherectomy with adjunctive balloon angioplasty.
Catheterization & Cardiovascular Diagnosis Suppl: 40-49.
Oda H, Miida T, Toeda T, Higuma N & Takahashi K (1999). In vitro examination of the safety
of rotational atherectomy of side branches jailed by stents. Japanese Circulation Journal 63: 537-541.

74

Percutaneous transluminal coronary rotational atherectomy

Oda H, Tagawa M, Miida T, Takahashi K & Higuma N (2000). Guide catheter damage during
rotational coronary atherectomy of aorto-ostial lesions. Japanese Heart Journal 41: 649-657.
Okabayashi H, Shimada I, Soga Y, Matsubayashi K, Tanabe A, Kamikawa Y, Saitoh Y &
Nagasawa A (1997). [Emergent operation after percutaneous transluminal coronary rotational
atherectomy (ROTABLATOR)]. Kyobu Geka - Japanese Journal of Thoracic Surgery 50: 1077-1080;
discussion 1080-1072.
O'Neill WW (1992). Mechanical rotational atherectomy. American Journal of Cardiology 69: 12F18F.
Ormiston JA, Ng K & Webster MWI (1996). Enhanced manipulation of directional coronary
atherectomy and coronary angioplasty guide catheters. Catheterization & Cardiovascular Diagnosis
37: 425-427.
Osterhues HH, Vogelpohl M, Felder C, Kochs M & Hombach V (1991). Rotation angioplasty in
balloon dilatation or atherectomy. Vasa 20: 122-128.
Pande AK & Doucet S (1998). Percutaneous retrieval of transected rotablator coronary
guidewire using Amplatz "Goose-Neck snare". Indian Heart Journal 50: 439-442.
Park SJ, Park SW, Hong MK, Cheong SS, Lee CW, Kim JJ, Mintz GS & Leon MB (1998).
Stenting of unprotected left main coronary artery stenoses: immediate and late outcomes. Journal
of the American College of Cardiology 31: 37-42.
Pedrazzini G (1998). [Heart interventions in Switzerland 1996]. Schweizerische Rundschau fur
Medizin Praxis 87: 821-824, 826-831.
Peterson ED, Lansky AJ, Anstrom KJ, Muhlbaier LH, Popma JJ, Satler LF & Lanzilotta MJ
(2000). Evolving trends in interventional device use and outcomes: results from the National
Cardiovascular Network Database [see comments]. American Heart Journal 139: 198-207.
Pitts WR & Lange RA (1999). Platelet glycoprotein IIb/IIIa receptor blockade: Lessening the
risk of coronary interventions. Thrombosis & Haemostasis 82: 136-138.
Pizzulli L, Kohler U, Manz M & Luderitz B (1992). Transluminal coronary extractionendarterectomy. Technique, acute results, angiographic and clinical follow-up. Zeitschrift fur
Kardiologie 81: 133-139.
Popma JJ, Brogan IW, Pichard AD, Satler LF, Kent KM, Mintz GS & Leon MB (1993).
Rotational coronary atherectomy of ostial stenoses. American Journal of Cardiology 71: 436-438.
Popma JJ, Brogan WCd, Pichard AD, Satler LF, Kent KM, Mintz GS & Leon MB (1993).
Rotational coronary atherectomy of ostial stenoses. American Journal of Cardiology 71: 436-438.
Porter GF, Ormiston JA & Webster MW (1996). Percutaneous rotational coronary atherectomy:
initial Green Lane and Mercy hospitals' experience. New Zealand Medical Journal 109: 203-205.
Preusler W (1996). Differentiated intervention in restenosis. Rotablation, atherectomy, laser
angioplasty and stent. Zeitschrift fur Kardiologie 85: 103-105.
Ramsdale DR & Morris JL (1997). If Rotablator is useful, why don't we use it? Heart 78: 36-37.

Percutaneous transluminal coronary rotational atherectomy

75

Rashkow AM (1995). Separation of a flexible nose cone tip during directional atherectomy.
Catheterization & Cardiovascular Diagnosis 35: 250-251.
Raybuck BD (1996). Forward slide maneuver: a new method of advancing the Rotablator
system. Catheterization & Cardiovascular Diagnosis Suppl: 60-63.
Reeder GS (1996). Coronary intervention with the excimer laser: A current perspective. Journal of
Interventional Cardiology 9: 175-178.
Reifart N (1995). [PTCA or alternative techniques? Balloon angioplasty remains dominant].
Zeitschrift fur Kardiologie 84: 43-52.
Reifart N, Schwarz F, Hofmann M, Gohring S, Storger H & Haase J (1998). [Balloon angioplasty
of stent restenosis: early and late results of first and second PTCA in focal and diffuse stenosis].
Zeitschrift fur Kardiologie 87: 65-71; discussion 79-80.
Reimers B, Lachin M, Cacciavillani L, Secchiero S, Ramondo A, Isabella G, Marzari A,
Zaninotto M, Plebani M, Chioin R, Maddalena F & Dalla-Volta S (1997). Troponin T, creatine
kinase MB mass, and creatine kinase MB isoform ratio in the detection of myocardial damage
during non-surgical coronary revascularization. International Journal of Cardiology 60: 7-13.
Reisman M (1996). Technique and strategy of rotational atherectomy. Catheterization &
Cardiovascular Diagnosis Suppl: 2-14.
Reisman M, Buchbinder M, Harms V, McDaniel M & Peterson KL (1998). Quantitative
angiography of coronary artery dimensions 24 hours after rotational atherectomy. American
Journal of Cardiology 81: 1427-1432.
Reisman M & Harms V (1996). Guidewire bias: potential source of complications with rotational
atherectomy. Catheterization & Cardiovascular Diagnosis Suppl: 64-68.
Rihal CS, Garratt KN & Holmes DR, Jr. (1998). Rotational atherectomy for bifurcation lesions
of the coronary circulation: technique and initial experience. International Journal of Cardiology 65: 19.
Rilinger N, Gorich J, Scharrer-Pamler R, Vogel J, Tomczak R, Merkle E, Sokiranski R & Brambs
HJ (1997). Percutaneous transluminal rotational atherectomy in the treatment of peripheral
vascular disease using a transluminal endatherectomy catheter (TEC): Initial results and
angiographic follow-up. Cardiovascular & Interventional Radiology 20: 263-267.
Rosenblum J, Stertzer SH, Schechtmann NS, Hidalgo B, Baciewicz PA & Myler RK (1991).
Brachial rotational atherectomy. Catheterization & Cardiovascular Diagnosis 24: 32-36.
Rothlisberger C & Meier B (1995). Coronary interventions in Europe 1992. The Working Group
on Coronary Circulation of the European Society of Cardiology [see comments]. European Heart
Journal 16: 922-929.
Roy S (1994). Combined rotational atherectomy-balloon angioplasty: marriage of convenience?
[letter; comment]. Catheterization & Cardiovascular Diagnosis 32: 79-80.
Rozenman Y, Lotan C, Weiss AT & Gotsman MS (1995). Emergency rotational ablation of a
calcified left main coronary artery stenosis in a patient with ischemic induced cardiogenic shock.
Catheterization & Cardiovascular Diagnosis 36: 63-66.
76

Percutaneous transluminal coronary rotational atherectomy

Russo RJ (1997). Ultrasound-guided stent placement. Cardiology Clinics 15: 49-61.
Safian RD, Niazi KA, Strzelecki M, Lichtenberg A, May MA, Juran N, Freed M, Ramos R,
Gangadharan V, Grines CL & et al. (1993). Detailed angiographic analysis of high-speed
mechanical rotational atherectomy in human coronary arteries. Circulation 88: 961-968.
Saland KE, Cigarroa JE, Lange RA & Hillis LD (2000). Rotational atherectomy. Cardiology in
Review 8: 174-179.
Salinger MH (1992). Rotational vs. directional atherectomy [letter; comment]. Catheterization &
Cardiovascular Diagnosis 26: 327.
Schechtmann NS, Rosenblum J, Stertzer SH, Hidalgo B, Baciewicz PA, Feind CR, Ward K &
Myler RK (1991). Rotational ablation of chronic coronary occlusions. Catheterization &
Cardiovascular Diagnosis 24: 295-299.
Schiele F, Meneveau N, Vuillemenot A, Gupta S & Bassand JP (1998). Treatment of in-stent
restenosis with high speed rotational atherectomy and IVUS guidance in small <3.0 mm vessels.
Catheterization & Cardiovascular Diagnosis 44: 77-82.
Schneider PA, Bounameaux H & Cox JN (1997). Endarterectomy by Simpson catheter in arterial
stenosis of the lower limbs. Schweizerische Medizinische Wochenschrift 118: 1997-2000.
Schunkert H, Harrell L & Palacios IF (1999). Implications of small reference vessel diameter in
patients undergoing percutaneous coronary revascularization. Journal of the American College of
Cardiology 34: 40-48.
Serra A, Zueco J, Elizaga J & Garcia E (1997). [Registry of activities of the Hemodynamics and
Interventional Cardiology Section in the year 1996]. Revista Espanola de Cardiologia 50: 833-842.
Sharma SK, Reich D & Kini A (1998). Instent restenosis: balloon angioplasty, rotablation or
laser therapy. Indian Heart Journal 50: 109-119.
Sheiban I, Tonni S, Gorni R & Trevi G (1994). [Mechanisms of transluminal mechanical
coronary recanalization]. Cardiologia 39: 39-46.
Sheikh KH, Kisslo K & Davidson CJ (1990). Interventional applications of intravascular
ultrasound imaging: Initial experience and future perspectives. Echocardiography 7: 433-441.
Shetty MR (1994). Commentary: coronary interventions--overview of a 16-year odyssey based on
pathoanatomy: angioplasty, atherectomy, and calcifectomy. American Journal of Cardiac Imaging 8:
206-208.
Shubrooks SJ, Jr. (1998). Update on interventions in saphenous vein grafts. Journal of Interventional
Cardiology 11: S36-S41.
Sievert H, Tonndorf S, Utech A & Schulze R (1993). Rotational ablation after unsuccessful
balloon dilatation. Zeitschrift fur Kardiologie 82: 411-414.
Sklar MA (2000). Cost analysis of excimer laser coronary angioplasty versus rotational
atherectomy. Journal of Cardiovascular Management 11: 22-25.

Percutaneous transluminal coronary rotational atherectomy

77

Smalling RW, Cassidy DB, Schmidt WA, Barrett R, Fulford S & Kirkeeide RL (1991). Effects of
rotational atherectomy in normal canine coronary and diseased human cadaveric arteries:
Potential for plaque removal from distal, tortuous, and diffusely diseased vessels. Catheterization
& Cardiovascular Diagnosis 24: 300-307.
Snyder Jr SO, Wheeler JR, Gregory RT, Gayle RG & Mariner DR (1988). The Kensey catheter:
Preliminary results with a transluminal atherectomy tool. Journal of Vascular Surgery 8: 541-643.
Son JW, Koh KK, Dang Q, Choi IS & Shin EK (1998). Recurrent restenosis following stent and
rotational atherectomy of coronary artery stenosis in Takayasu's arteritis. International Journal of
Cardiology 65: 295-300.
Soriano J, Alfonso F, Cequier A & Moris C (1998). [Registry of activities of the Section of
Hemodynamics and Interventional Cardiology in 1997]. Revista Espanola de Cardiologia 51: 927938.
Soriano J, Alfonso F, Cequier A & Moris C (1999). [The Registry of the Activities of the
Hemodynamics and Interventional Cardiology Section in 1998]. Revista Espanola de Cardiologia 52:
1105-1120.
Sousa JE, Sousa AG, Mattos LA & Pinto I (1999). Coronary angioplasty in Brazil. Revista
Portuguesa de Cardiologia 18: I31-35.
Steckmeier B, Baumgart R, Kuffer G & Schweiberer L (1989). [Experiences with rotation
atherotomy and atherectomy]. Herz 14: 43-51.
Steckmeier B, Kuffer G, Spengel FA, Schmolder A, Reininger C & Schweiberer L (1993).
Indications and results of adjuvant intraoperative angioplasty and angioscopy. Angio 15: 113-126.
Stertzer SH, Pomerantsev EV, Fitzgerald PJ, Yock PG, Yeung AC, Shaw RE, Walton AS, Singer
AH, Sanders WJ & Oesterle SN (1996). High-speed rotational atherectomy: six-month serial
quantitative coronary angiographic follow-up. American Heart Journal 131: 639-648.
Stertzer SH, Pomerantsev EV, Shaw RE, Boucher RA, Millhouse F, Zipkin RE, Hidalgo BO,
Murphy MC, Hansell HN & Myler RK (1994). Comparative study of the angiographic
morphology of coronary artery lesions treated with PTCA, directional coronary atherectomy, or
high-speed rotational ablation [see comments]. Catheterization & Cardiovascular Diagnosis 33: 1-9.
Stertzer SH, Rosenblum J, Shaw RE, Sugeng I, Hidalgo B, Ryan C, Hansell HN, Murphy MC &
Myler RK (1993). Coronary rotational ablation: initial experience in 302 procedures [see
comments]. Journal of the American College of Cardiology 21: 287-295.
Stillabower ME (1994). Longitudinal force focused coronary angioplasty: a technique for
resistant lesions. Catheterization & Cardiovascular Diagnosis 32: 196-198.
Stoerger H, Reifart, N., Preusler, W., Schwarz, F., Hofmann, M., Kloepper, J. W, & Vandormael
M (1993). Comparison of excimer laser, rotablator and balloon angioplasty for the treatment of
complex coronary lesions: a randomized trial. Angiology 44: 18.
Stone GW (1996). Rotational atherectomy for treatment of in-stent restenosis: role of
intracoronary ultrasound guidance. Catheterization & Cardiovascular Diagnosis Suppl: 73-77.

78

Percutaneous transluminal coronary rotational atherectomy

Storger H (1998). Treatment strategies for in-stent restenosis. Journal of Interventional Cardiology 11:
571-575.
Stuver TP & Ling FS (1996). The "furrowing effect": guidewire-induced "directional" lesion
ablation in rotational atherectomy of angulated coronary artery lesions. Catheterization &
Cardiovascular Diagnosis 39: 385-395.
Suto Y, Itoh A, Otsuka M, Yamashita H, Ehara S, Kawarai H, Naruko T, Tojo O & Haze K
(1999). Prognosis for patients with angina pectoris accompanied by chronic renal failure. Journal
of Cardiology 34: 9-18.
Suzumura H, Suzuki T, Hosokawa H, Yokoya K, Itoh M & Ito S (2000). Role of rotational
atherectomy for calcific coronary lesions in determining the initial and long term outcomes of
stenting evaluated by IVUS. Japanese Journal of Interventional Cardiology 15: 32-40.
Taddei CFG, Weintraub WS, King IS, Ghazzal Z, Douglas JS, Jr., Thompson T & Mahoney E
(1999). Early and intermediate outcomes after rotational atherectomy in octogenarian patients.
American Journal of Geriatric Cardiology 8: 169-172.
Tamada H, Nishikawa H, Aoki T, Setsuda M, Mukai S, Suzuki H, Ohnishi T & Kakuta Y (1998).
Rotational atherectomy complicated by perforation followed by acute occlusion. Japanese Journal
of Interventional Cardiology 13: 528-533.
Tamburino C, Corcos T, Favereau X, Zimarino M & Guerin Y (1994). [Preliminary experience
in the treatment of complex stenosis in the aged (> or = 70 years) with high-speed rotational
atherotomy followed by conventional PTCA]. Giornale Italiano di Cardiologia 24: 701-705.
Taniguchi M, Yabe Y, Nakano H, Wagatsuma K, Kabano T & Uchida T (1997). A case of
favorable dilation of protected left main coronary artery lesion achieved through performance of
adjunctive DCA on residual stenosis following use of rotablator. Angiology 48: 529-534.
Tcheng JE (1996). Glycoprotein IIb/IIIa receptor inhibitors: Putting the EPIC, IMPACT II,
RESTORE, and EPILOG trials into perspective. American Journal of Cardiology 78: 35-40.
Teirstein PS, Warth DC, Haq N, Jenkins NS, McCowan LC, Aubanel-Reidel P, Morris N &
Ginsburg R (1991). High speed rotational coronary atherectomy for patients with diffuse
coronary artery disease [see comments]. Journal of the American College of Cardiology 18: 1694-1701.
Thomas WJ, Cowley MJ, Vetrovec GW, Malloy W & Goudreau E (2000). Effectiveness of
rotational atherectomy in aortocoronary saphenous vein grafts. American Journal of Cardiology 86:
88-91.
Thomas WJ, Cowley MJ, Vetrovec GW, Malloy W & Goudreau E (2000). Effectiveness of
rotational atherectomy in narrowed left internal mammary artery grafts to the left anterior
descending coronary artery. American Journal of Cardiology 86: 86-88.
Thorbs N, Barbiere C, Wayland R & Morgan P (2000). Coronary rotational atherectomy: a
nursing perspective. Critical Care Nurse 20: 77-84.
Thorpe P (1992). Atherectomy tools for arterial treatment. Administrative Radiology 11: 25-28.

Percutaneous transluminal coronary rotational atherectomy

79

Timmis SB & Davidson CJ (1997). Intravascular ultrasound in the setting of directional coronary
atherectomy and percutaneous transluminal coronary rotational atherectomy. Cardiology Clinics 15:
39-48.
Tobis JM, Mahon DJ, Goldberg SL, Nakamura S & Colombo A (1993). Lessons from
intravascular ultrasonography: Observations during interventional angioplasty procedures. Journal
of Clinical Ultrasound 21: 589-607.
Tommaso CL (1996). Stents following rotablator for flow limiting dissections: device synergy or
dys-synergy [editorial; comment]. Catheterization & Cardiovascular Diagnosis 37: 305-306.
Topaz O, Cowley MJ, Mohanty PK & Vetrovec GW (1999). Percutaneous revascularization
modalities in heart transplant recipients. Catheterization & Cardiovascular Interventions 46: 227-237.
Topol EJ (1993). Rotablator to the rescue [editorial; comment]. American Journal of Cardiology 71:
858-859.
Topol EJ (1993). Rotablator to the rescue. American Journal of Cardiology 71: 858-859.
Triantis GS, Sionis DG & Sassalos KN (1998). Coronary angiography and angioplasty via
transradial approach. Our first experience and a brief report of the method. Hellenic Journal of
Cardiology 39: 502-508.
Valdesuso Aguilar RM, Iniguez Romo A, Cordoba Polo M, Ayala Munoz R, Tarin Vicente N,
Serrano Antolin JM, Navarro F & Almeida Vergara P (1996). [Percutaneous revascularization
with coronary angioplasty in patients with refractory angina]. Revista Espanola de Cardiologia 49:
826-833.
van de Rijn M, Regula DP, Jr. & Billingham M (1990). Autopsy findings after coronary rotational
atherectomy. American Journal of Cardiovascular Pathology 3: 301-304.
Vazquez Rodriguez JM, Hossein-Nia M, Chester M, Leatham E, Holt DW & Kaski JC (1995).
[The diagnosis of myocardial damage during coronary angioplasty by the analysis of the isoforms
of the enzyme creatine kinase MB]. Revista Espanola de Cardiologia 48: 528-536.
Virmani R & Farb A (1991). Rotational coronary atherectomy [editorial; comment]. Journal of the
American College of Cardiology 18: 1702-1703.
Vlietstra RE (1991). Advances in coronary interventional techniques. International Journal of
Cardiology 32: 175-181.
Von Birgelen C, Umans VA, Di Mario C, Keane D, Gil R, Prati F, De Feyter P & Serruys PW
(1995). Mechanism of high-speed rotational atherectomy and adjunctive balloon angioplasty
revisited by quantitative coronary angiography: Edge detection versus videodensitometry.
American Heart Journal 130: 405-412.
Von Hodenberg E, Tost B & Scheffold T (2000). New strategies to treat restenosis. Zeitschrift fur
Kardiologie 89
Waksman R, Bhargava B, White L, Chan RC, Mehran R, Lansky AJ, Mintz GS, Satler LF,
Pichard AD, Leon MB & Kent KK (2000). Intracoronary beta-radiation therapy inhibits
recurrence of in-stent restenosis. Circulation 101: 1895-1898.

80

Percutaneous transluminal coronary rotational atherectomy

Waksman R, King IS, Douglas JS, Shen Y, Ewing H, Mueller L, Ghazzal ZMB & Weintraub WS
(1995). Predictors of groin complications after balloon and new-device coronary intervention.
American Journal of Cardiology 75: 886-889.
Walton AS, Pomerantsev EV, Oesterle SN, Yeung AC, Singer AH, Shaw RE & Stertzer SH
(1996). Outcome of narrowing related side branches after high-speed rotational atherectomy.
American Journal of Cardiology 77: 370-373.
Warth DC, Leon MB, O'Neill W, Zacca N, Polissar NL & Buchbinder M (1994). Rotational
atherectomy multicenter registry: acute results, complications and 6-month angiographic followup in 709 patients. Journal of the American College of Cardiology 24: 641-648.
White CJ, Ramee SR, Escobar A, Jain S & Collins TJ (1993). High-speed rotational ablation
(Rotablator(TM)) for unfavorable lesions in peripheral arteries. Catheterization & Cardiovascular
Diagnosis 30: 115-119.
Whitlow PL (1995). Rotablator technique and complications? [editorial; comment]. Catheterization
& Cardiovascular Diagnosis 36: 311-312.
Whitlow PL (1997). Is rotational atherectomy here to stay? Heart 78: 35-36.
Wholey MH (1995). Rotablator: the long and short of it [comment]. Journal of Endovascular Surgery
2: 74-76.
Williams MS, Coller BS, Vaananen HJ, Scudder LE, Sharma SK & Marmur JD (1998).
Activation of platelets in platelet-rich plasma by rotablation is speed-dependent and can be
inhibited by abciximab (c7E3 Fab; ReoPro). Circulation 98: 742-748.
Wilson N & White C (1998). Rotational ablation assisted angioplasty of an obstructed
aortopulmonary collateral artery. Heart 79: 203-204.
Windecker S, Meyer BJ, Bonzel T, Fabian J, Heyndrickx G, Morice MC, Muhlberger V, Piscione
F, Rothman M, Wijns W, van den Brand M & Meier B (1998). Interventional cardiology in
Europe 1994. Working Group Coronary Circulation of the European Society of Cardiology [see
comments]. European Heart Journal 19: 40-54.
Woodfield SL, Lopez A & Heuser RR (1998). Fracture of coronary guidewire during rotational
atherectomy with coronary perforation and tamponade. Catheterization & Cardiovascular Diagnosis
44: 220-223.
Yamazaki A, Yamane M, Inoue S & Yokozuka H (1999). A case of a coil stent incidentally
extracted by rotablator. Japanese Journal of Interventional Cardiology 14: 267-271.
Zacca NM, Kleiman NS, Rodriguez AR, Heibig J, Warth D, Harris S, Minor ST & Raizner AE
(1992). Rotational ablation of coronary artery lesions using single, large burrs. Catheterization &
Cardiovascular Diagnosis 26: 92-97.
Zacca NM, Raizner AE, Noon GP, Short ID, Weilbaecher D, Gotto Jr A & Roberts R (1989).
Treatment of symptomatic peripheral atherosclerotic disease with a rotational atherectomy
device. American Journal of Cardiology 63: 77-80.

Percutaneous transluminal coronary rotational atherectomy

81

Zaitoun R, Dorros G, Iyer SS & Lewin RF (1990). Percutaneous high-speed rotational
atherectomy (Rotablator) of a restenosed ostial renal artery: a case report. Catheterization &
Cardiovascular Diagnosis 20: 254-256.
Zaitoun R, Iyer SS, Lewin RF & Dorros G (1990). Percutaneous popliteal approach for
angioplasty of superficial femoral artery occlusions. Catheterization & Cardiovascular Diagnosis 21:
154-158.
Zimarino M, Corcos T, Favereau X, Elbaz N, Toussaint M, Garcia E, Tamburino C, Guerin Y &
Barthelemy M (1997). Rotational coronary atherectomy with adjunctive balloon angioplasty:
evaluation of lumen enlargement by quantitative angiographic analysis. American Heart Journal
133: 203-209.
Zimarino M, Corcos T, Favereau X & Tamburino C (1994). [Short-term efficacy of high speed
rotational atherectomy with and balloon angioplasty in the treatment of lesions located at the
ostium of a coronary branch]. Cardiologia 39: 243-246.
Zotz RJ, Erbel R, Philipp A, Judt A, Wagner H, Lauterborn W & Meyer J (1992). High-speed
rotational angioplasty-induced echo contrast in vivo and in vitro optical analysis. Catheterization &
Cardiovascular Diagnosis 26: 98-109.

82

Percutaneous transluminal coronary rotational atherectomy

Abbreviations
atm
BSPL
CABG
CER
CI
DCA
df
F
ITT
IU
IVUS
LAD
LCx
MACE
MBS
MI
MLD
NACI
NHLBI
NHMRC
OR
PTCA
PTCRA
Q
QUOROM
R2
RA
RCA
RCT
RD
rpm
RR
SD
TEC
TIMI

atmosphere
Boston Scientific Pty Ltd
coronary artery bypass graft
cost-effectiveness ratio
confidence interval
directional coronary atherectomy
degrees of freedom
French
intention to treat
International Unit
intravascular ultrasonography
left anterior descending artery
left circumflex artery
major adverse cardiac events
Medicare Benefits Scheme
myocardial infarction
minimal lumen diameter
New Approaches to Coronary Intervention (registry)
National Heart, Lung, and Blood Institute (United States)
National Health and Medical Research Council
odds ratio
percutaneous transluminal coronary angioplasty
percutaneous transluminal coronary rotational
atherectomy/ablation
Cochran Q statistic for heterogeneity
Quality of Reporting of Meta-analyses
coefficient of determination
rotational atherectomy/ablation
right coronary artery
randomised controlled trial
risk difference
revolutions per minute
relative risk/risk ratio
standard deviation
transluminal extraction catheter
Thrombolysis in Myocardial Infarction (study)

Percutaneous transluminal coronary rotational atherectomy

83

References
Abbo KM, Dooris M, Glazier S, O'Neill WW, Byrd D, Grines CL & Safian RD (1995). Features
and outcome of no-reflow after percutaneous coronary intervention. American Journal of Cardiology
75: 778-782.
AIHW (2000). Australia's health 2000: The seventh biennial health report of the Australian Institute of
Health and Welfare. Australian Institute of Health and Welfare, Canberra.
Altmann D, Popma JJ, Kent KM, Satler LF, Pichard AD, Mintz GS, Keller M & Leon MB
(1993). Rotational atherectomy effectively treats calcified lesions [abstract]. Journal of the American
College of Cardiology 21: 955A.
Baim DS, Kent KM, King SB, Safian RD, Cowley MJ, Holmes DR, Roubin GS, Gallup D,
Steenkiste AR & Detre K (1994). Evaluating new devices. Acute (in-hospital) results from the
New Approaches to Coronary Intervention Registry. Circulation 89: 471-481.
Baumgartner F (1999). Cardiothoracic surgery. Landes Bioscience, Austin, TX.
Bernardi M, Cleman M & Whitlow P (1993). Treatment of right coronary artery ostial stenosis
with rotational atherectomy: results of a multi-center registry [abstract]. Circulation 21: 443A.
Boissel JP, Blanchard J, Panak E, Peyrieux JC & Sacks H (1989). Considerations for the metaanalysis of randomized clinical trials. Summary of a panel discussion. Controlled Clinical Trials 10:
254-281.
Braden G, Young T, Love W, Pinnix C, Rankin K & Applegate RJ (1999). Rotational
atherectomy of chronic total coronary occlusion is associated with very low clinical rates: the
treatment of choice [abstract]. Journal of the American College of Cardiology 33: 48A.
Brogan WC, Popma JJ, Pichard AD, Satler LF, Kent KM, Mintz GS & Leon MB (1993).
Rotational coronary atherectomy after unsuccessful coronary balloon angioplasty. American
Journal of Cardiology 71: 794-798.
Buchbinder M, Fortuna R, Sharma SK, Bass T, Kipperman R, Greenberg J & Leon MB (2000).
Debulking prior to stenting improves acute outcomes: early results from the SPORT trial
[abstract]. Journal of the American College of Cardiology 35: 8A.
Chatelain P, Meier B, De la Serna F, Moles V, Pande AK, Verine V & Urban P (1992). Success
with coronary angioplasty as seen at demonstrations of procedure. Lancet 340: 1202-1205.
Chevalier B, Commeau P, Favereau X, Guerin Y, Lancelin B, Corcos T, Huret B, Brenot P,
Zimarino M, Lamy E & Lannelongue C (1994). Limitations of rotational atherectomy in
angulated coronary lesions [abstract]. Journal of the American College of Cardiology 23: 285A.
Clarke M & Oxman A (Eds.) (2000). Cochrane Reviewers’ Handbook 4.1 [updated June 2000]. The
Cochrane Collaboration, Oxford, England.
Cochran W (1954). The combination of estimates from different experiments. Biometrics 10: 101129.

84

Percutaneous transluminal coronary rotational atherectomy

Danchin N, Cassagnes J, Juilliere Y, Machecourt J, Bassand JP, LaBlanche JM & Cherrier F
(1995). Balloon angioplasty versus rotational angioplasty in chronic coronary occlusions (the
BAROCCO study). American Journal of Cardiology 75: 330-334.
Davies J & Senes S (2001). Coronary angioplasty in Australia 1998. AIHW Cat. No. CVD 14
(Cardiovascular Disease Series No. 15). Canberra: AIHW and National Heart Foundation of
Australia.
Davies J & Senes S (2002). Coronary angioplasty in Australia 1999. AIHW Cat. No. CVD 19
(Cardiovascular Disease Series No. 19). Canberra: AIHW and National Heart Foundation of
Australia.
de Looper M & Bhatia K (2001). Australian health trends 2001. Australian Institute of Health and
Welfare, Canberra.
DerSimonian R & Laird N (1986). Meta-analysis in clinical trials. Controlled Clinical Trials 7: 177188.
DHAC (2001). AR-DRG Version 4.1. Final cost weights 1999-00. Commonwealth Department of
Health and Aged Care, Canberra.
Dill T & Hamm CW (1997). Rotational atherectomy: technique, indications, results. Herz 22:
291-298.
Dill T, Dietz U, Hamm CW, Kuchler R, Rupprecht HJ, Haude M, Cyran J, Ozbek C, Kuck KH,
Berger J & Erbel R (2000). A randomized comparison of balloon angioplasty versus rotational
atherectomy in complex coronary lesions (COBRA study). European Heart Journal 21: 1759-1766.
Ellis SG, Vandormael MG, Cowley MJ, DiSciascio G, Deligonul U, Topol EJ & Bulle TM
(1990). Coronary morphologic and clinical determinants of procedural outcome with angioplasty
for multivessel coronary disease. Implications for patient selection. Multivessel Angioplasty
Prognosis Study Group. Circulation 82: 1193-1202.
Eltchaninoff H, Cribier A, Koning R, Chan C, Sicard V, Tan A & Letac B (1997). Angioscopic
evaluation of rotational atherectomy followed by additional balloon angioplasty versus balloon
angioplasty alone in coronary artery disease: a prospective, randomized study. Journal of the
American College of Cardiology 30: 888-893.
Erbel R, Dill T, Dietz U, Weber P, Liu F, Kochler R, Haude M, Rupprecht H, Kuck K, Ge J &
Hamm C (1997). The Comparison of Balloon versus Rotational Angioplasty (COBRA) study
protocol: A prospective randomized study. Journal of Interventional Cardiology 10: 271-275.
Fleiss JL (1986). Analysis of data from multiclinic trials. Controlled Clinical Trials 7: 267-275.
Fukuda K, Ikeda D, Kamata H & Fujita T (1999). Clinical results of high-speed rotational
atherectomy followed by adjunctive balloon angioplasty for diffuse in-stent restenosis. Japanese
Journal of Interventional Cardiology 14
Goldberg S, Shawl F, Buchbinder M, Fortuna R, Braden G, Kent KM, Teirstein P, O'Neill WW,
Reisman M, Katopodis J & Bailey SR (1997). Rotational atherectomy for in-stent restenosis: the
BARASTER registry [abstract]. Circulation 96: I-80.

Percutaneous transluminal coronary rotational atherectomy

85

Goldberg S, Berger P, Cohen D, Shawl F, Buchbinder M, Braden G, Fortuna R, Teirstein P,
Dauerman H & Reisman M (1998). Balloon angioplasty versus rotational atherectomy for instent restenosis [abstract]. Circulation 98: I-363.
Guerin Y, Spaulding C, Desnos M, Funck F, Rahal S, Py A, Besse B, Tsocanakis O, Guerin F &
Guerot C (1996). Rotational atherectomy with adjunctive balloon angioplasty versus
conventional percutaneous transluminal coronary angioplasty in type B2 lesions: results of a
randomized study. American Heart Journal 131: 879-883.
Haynes RB, Walker CJ, McKibbon KA, Johnston ME & Willan AR (1994a). Performances of 27
MEDLINE systems tested by searches with clinical questions. Journal of the American Medical
Informatics Association 1: 285-295.
Haynes RB, Wilczynski N, McKibbon KA, Walker CJ & Sinclair JC (1994b). Developing optimal
search strategies for detecting clinically sound studies in MEDLINE. Journal of the American
Medical Informatics Association 1: 447-458.
Health insurance Commission (2001). Medicare Benefits Schedule (MBS) Item Statistics Reports
[Online]. Available: http://www.hic.gov.au/statistics/dyn_mbs/forms/mbs_tab4.shtml
[Accessed on: October 2001].
Hoffmann R, Mintz GS, Kent KM, Pichard AD, Satler LF, Popma JJ, Hong MK, Laird JR &
Leon MB (1998). Comparative early and nine-month results of rotational atherectomy, stents,
and the combination of both for calcified lesions in large coronary arteries. American Journal of
Cardiology 81: 552-557.
Jacksch R, Niehues R & Bockenforde J (1996). Importance of high-seed rotational angioplasty in
reopening chronic coronary occlusion. Zeitschrift Fur Kardiologie. 85: 25-31.
Jadad AR, Moore RA, Carroll D, Jenkinson C, Reynolds DJ, Gavaghan DJ & McQuay HJ
(1996). Assessing the quality of reports of randomized clinical trials: is blinding necessary?
Controlled Clinical Trials 17: 1-12.
Jolly N, Ellis SG, Franco I, Raymond RE, Jolly M, Hammel J & Whitlow PL (1999). Coronary
artery stent restenosis responds favorably to repeat interventions. American Journal of Cardiology 83:
1565-1568, A1567.
Jones S, Whitlow P, Stertzer S, Buchbinder M & Satler L (1993). Rotational atherectomy of left
main coronary lesions: success, complications, and restenosis [abstract]. Journal of the American
College of Cardiology 21: 955A.
Kahn K, ter Riet G, Glanville J, Sowden A & Kleijnen J (Eds.) (2001). Undertaking systematic
reviews of research on effectiveness. NHS Centre for Reviews and Dissemination, University of York,
York, England.
Kaufmann UP & Meyer BJ (1995). Atherectomy (directional, rotational, extractional) and its role
in percutaneous revascularization. Current Opinion in Cardiology 10: 412-419.
Kiesz RS, Rozek MM, Ebersole DG, Mego DM, Chang CW & Chilton RL (1999). Novel
approach to rotational atherectomy results in low restenosis rates in long, calcified lesions: longterm results of the San Antonio Rotablator Study (SARS). Catheterization and Cardiovascular
Interventions 48: 48-53.

86

Percutaneous transluminal coronary rotational atherectomy

Kini A, Reich D, Bertea T, Suleman J, Mitre C, Marmur J & Sharma SK (2000). Rotational
atherectomy for chronic total coronary occlusions: acute results and predictors of target vessel
revascularization [abstract]. Journal of the American College of Cardiology 35: 87A.
Koller PT, Freed M, Grines CL & O'Neill WW (1994). Success, complications, and restenosis
following rotational and transluminal extraction of ostial stenoses. Catheterization and
Cardiovascular Interventions 31: 255-260.
Lauer B, Schmidt E, Ambrosch H, Steinbrink S, Diederich K, Hambrecht R, Krankenberg H,
Kuhn A, Sick P, Zotz R & Schuler G (2000). Rotational atherectomy, excimer laser angioplasty
or balloon angioplasty for therapy of in-stent restenosis? [abstract]. Journal of the American College of
Cardiology 35: 89A-90A.
Lee SG, Lee CW, Cheong SS, Hong MK, Kim JJ, Park SW & Park SJ (1998). Immediate and
long-term outcomes of rotational atherectomy versus balloon angioplasty alone for treatment of
diffuse in-stent restenosis. American Journal of Cardiology 82: 140-143.
MacIsaac AI, Bass TA, Buchbinder M, Cowley MJ, Leon MB, Warth DC & Whitlow PL (1995).
High speed rotational atherectomy: outcome in calcified and noncalcified coronary artery lesions.
Journal of the American College of Cardiology 26: 731-736.
Mehran R, Dangas G, Mintz GS, Waksman R, Abizaid A, Satler LF, Pichard AD, Kent KM,
Lansky AJ, Stone GW & Leon MB (2000). Treatment of in-stent restenosis with excimer laser
coronary angioplasty versus rotational atherectomy: comparative mechanisms and results.
Circulation 101: 2484-2489.
Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D & Stroup DF (1999). Improving the quality
of reports of meta-analyses of randomised controlled trials: the QUOROM statement. Quality of
Reporting of Meta-analyses. Lancet 354: 1896-1900.
NHMRC (1999). A guide to the development, implementation and evaluation of clinical practice guidelines.
National Health and Medical Research Council, Canberra.
NHMRC (2000). How to use the evidence: assessment and application of scientific evidence. National Health
and Medical Research Council, Canberra.
Niazi K, Patel A, Nohza F, Alburaiki J, Fawzy M, Bakhshi M, Mimish L, Khan B & Dunn B
(1997). A prospective randomized study of the effects of debulking on restenosis (EDRES Trial)
[abstract]. Circulation 98: I-709.
Omoigui N, Booth J, Reisman M, Franco I & Whitlow P (1995). Rotational atherectomy in
chronic total occlusions [abstract]. Journal of the American College of Cardiology 25: 97A.
Pavlides GS, Hauser AM, Grines CL, Dudlets PI & O'Neill WW (1992). Clinical, hemodynamic,
electrocardiographic and mechanical events during nonocclusive, coronary atherectomy and
comparison with balloon angioplasty. American Journal of Cardiology 70: 841-845.
Poole C & Greenland S (1999). Random-effects meta-analyses are not always conservative.
American Journal of Epidemiology 150: 469-475.

Percutaneous transluminal coronary rotational atherectomy

87

Radke PW, Klues HG, Haager PK, Hoffmann R, Kastrau F, Reffelmann T, Janssens U, vom
Dahl J & Hanrath P (1999). Mechanisms of acute lumen gain and recurrent restenosis after
rotational atherectomy of diffuse in-stent restenosis: a quantitative angiographic and
intravascular ultrasound study. Journal of the American College of Cardiology 34: 33-39.
Ramsdale DR, Morris JL, Grech ED & Meulenbrug H (1995). Coronary rotational atherectomy.
British Journal of Cardiology 2: 101-105.
Reifart N, Vandormael M, Krajcar M, Gohring S, Preusler W, Schwarz F, Storger H, Hofmann
M, Klopper J, Muller S & Haase J (1997). Randomized comparison of angioplasty of complex
coronary lesions at a single center. Excimer Laser, Rotational Atherectomy, and Balloon
Angioplasty Comparison (ERBAC) Study. Circulation 96: 91-98.
Reisman M, Cohen B, Warth D, Fenner J, Gocka I & Buchbinder M (1993a). Outcome of long
lesions treated with high speed rotational ablation [abstract]. Journal of the American College of
Cardiology 21: 955A.
Reisman M, Devlin P, Melikian J, Fenner J & Buchbinder M (1993b). Undilatable noncompliant
lesions treated with the Rotablator: outcome and angiographic follow-up [abstract]. Circulation 21:
443A.
Reisman M & Buchbinder M (1994). Rotational ablation. The Rotablator catheter. Cardiology
Clinics 12: 595-610.
Reisman M, Buchbinder M, Sharma SK, Bailey SR, Applegate RJ, Ho KK, Harms V, PinoMauch B, Cohen DJ, Sarin MS & Kuntz RE (1997). A multicentre randomized trial of rotational
atherectomy vs PTCA: DART [abstract]. Circulation 96(Suppl): I-467.
Rosenblum J, Stertzer SH, Shaw RE, Hidalgo B, Hansell HN, Murphy MC & Myler RK (1992).
Rotational ablation of balloon angioplasty failures. Journal of Invasive Cardiology 4: 312-318.
Rutherford R (2000). Arterial diseases In Vascular surgery, Vol. 1 (Ed, Rutherford R). W.B.
Saunders Company, Philadelphia.
Safian RD, Freed M, Lichtenberg A, May MA, Juran N, Grines CL & O'Neill WW (1993). Are
residual stenoses after excimer laser angioplasty and coronary atherectomy due to inefficient or
small devices? Comparison with balloon angioplasty. Journal of the American College of Cardiology 22:
1628-1634.
Safian RD, Feldman T, Muller DW, Mason D, Schreiber T, Haik B, Mooney M & O'Neill WW
(2001). Coronary angioplasty and Rotablator atherectomy trial (CARAT): Immediate and late
results of a prospective multicenter randomized trial. Catheterization and Cardiovascular Interventions
53: 213-220.
Sapirstein W, Zuckerman B & Dillard J (2001). FDA approval of coronary-artery brachytherapy.
New England Journal of Medicine 344: 297-299.
Schiele F, Meneveau N, Seronde MF, Deforet MF, Gupta S & Bassand JP (2000). Predictors of
event-free survival after repeat intracoronary procedure for in-stent restenosis: study with
angiographic and intravascular imaging. European Heart Journal 21: 754-762.
Schneider PA (1998). Endovascular skills: guidewires, catheters, arteriography, balloon angioplasty and stents.
Quality Medical Publishing, St. Louis, USA.
88

Percutaneous transluminal coronary rotational atherectomy

Schulz KF, Chalmers I, Hayes RJ & Altman DG (1995). Empirical evidence of bias. Dimensions
of methodological quality associated with estimates of treatment effects in controlled trials.
JAMA 273: 408-412.
Senes S & Davies J (1999). Coronary angioplasty in Australia 1999. Australian Institute of Health
and Welfare and National Heart Foundation of Australia, Canberra.
Sharma SK, Duvvuri S, Dangas G, Kini A, Vidhun R, Venu K, Ambrose JA & Marmur JD
(1998). Rotational atherectomy for in-stent restenosis: acute and long-term results of the first 100
cases. Journal of the American College of Cardiology 32: 1358-1365.
Sharma SK, Kini A, Shalouh E, King T, Garapati A, Santiago M, Kini S & Marmur J (1999).
Rotational atherectomy achieves a higher acute luminal gain vs. PTCA in the treatment of diffuse
in-stent restenosis: insight from the randimized ROSTER trial [abstract]. Journal of the American
College of Cardiology 33: 49A-50A.
Sharma SK, Kini A, King T, Reich D & Marmur JD (2000). Randomized trial of rotational
atherectomy versus balloon angioplasty for diffuse in-stent restenosis (ROSTER): final results
[abstract]. Circulation 102: II-730.
Sheppard R & Eisenberg MJ (2001). Intracoronary radiotherapy for restenosis. New England
Journal of Medicine 344: 295-297.
Sievert H, Tonndorf S, Utech A & Schulze R (1993). [High frequency rotational angioplasty
(rotablation) after unsuccessful balloon dilatation]. Zeitschrift fur Kardiologie 82: 411-414.
Stary HC, Chandler AB, Dinsmore RE, Fuster V, Glagov S, Insull WJ, Rosenfeld ME, Schwartz
CJ, Wagner WD & Wissler RW (1995). A definition of advanced types of atherosclerotic lesions
and a histological classification of atherosclerosis. A report from the Committee on Vascular
Lesions of the Council on Arteriosclerosis, American Heart Association. Circulation 92: 13551374.
Stertzer SH, Rosenblum J, Shaw RE, Sugeng I, Hidalgo B, Ryan C, Hansell HN, Murphy MC &
Myler RK (1993). Coronary rotational ablation: initial experience in 302 procedures. Journal of the
American College of Cardiology 21: 287-295.
vom Dahl J, Radke PW, Haager PK, Koch KC, Kastrau F, Reffelmann T, Janssens U, Hanrath P
& Klues HG (1999a). Clinical and angiographic predictors of recurrent restenosis after
percutaneous transluminal rotational atherectomy for treatment of diffuse in-stent restenosis.
American Journal of Cardiology 83: 862-867.
vom Dahl J, Silber S, Buettner H, Gaul G, Niccoli G, Schiele F, Garcia E, Dietz U, Thomas M,
Ramsdale D, Commeau P & Klues HG (1999b). Rotational atherectomy versus balloon
angioplasty for diffuse in-stent restenosis: preliminary results of a randomized multicenter trial
(ARTIST Trial) [abstract]. American Journal of Cardiology 84: 88P.
vom Dahl J, Dietz U, Silber S, Niccoli E, Buettner H, Schiele F, Thomas M, Commeau F,
Ramsdale T, Garcia E & Klues HG (2000). Angioplasty versus rotational atherectomy for
treatment of diffuse in-stent restenosis: clinical and angiographic results from a randomized
multicenter trial (ARTIST Study) [abstract]. Journal of the American College of Cardiology 35: 7A-8A.

Percutaneous transluminal coronary rotational atherectomy

89

vom Dahl J, Dietz U, Haager PK, Silber S, Niccoli E, Buettner HJ, Schiele F, Thomas M,
Commeau F, Ramsdale T, Garcia E, Hamm CW, Hoffmann R, Reineke T & Klues HG (2001).
Rotational atherectomy does not reduce in-stent restenosis: results of the angioplasty versus
rotational atherectomy for treatment of diffuse in-stent restenosis trial (ARTIST). Circulation 105:
583-588.
Waksman R, Ghazzal ZM, Baim DS, Steenkiste AR, Yeh W, Detre KM & King SB (1996).
Myocardial infarction as a complication of new interventional devices. American Journal of
Cardiology 78: 751-756.
Whitlow PL, Bass TA, Kipperman RM, Sharaf BL, Ho KK, Cutlip DE, Zhang Y, Kuntz RE,
Williams DO, Lasorda DM, Moses JW, Cowley MJ, Eccleston DS, Horrigan MC, Bersin RM,
Ramee SR & Feldman T (2001). Results of the study to determine rotablator and transluminal
angioplasty strategy (STRATAS). American Journal of Cardiology 87: 699-705.
Zaacks SM, Allen JE, Calvin JE, Schaer GL, Palvas BW, Parrillo JE & Klein LW (1998). Value of
the American College of Cardiology/American Heart Association stenosis morphology
classification for coronary interventions in the late 1990s. American Journal of Cardiology 82: 43-49.
Zimarino M, Corcos T, Favereau X, Commeau P, Tamburino C, Spaulding C & Guerin Y
(1994). Rotational coronary atherectomy with adjunctive balloon angioplasty for the treatment of
ostial lesions. Catheterization and Cardiovascular Interventions 33: 22-27.

90

Percutaneous transluminal coronary rotational atherectomy

