
GUIDELINES 341

Guidelines for percutaneous coronary intervention by the Belgian Working Group
on Invasive Cardiology

(under the auspices of the Belgian Society of Cardiology)
Victor LEGRAND (chair), William WIJNS, Frank VANDENBRANDEN, Edouard BENIT,
Jean BOLAND, Marc CLAEYS, Ivan DE SCHEERDER, Thierry EEMANS, Claude HANET,
Guy HEYNDRICKX, Pol LAFONTAINE, Pierre MATERNE, Yves TAEYMANS, Christian VRINTS,
Mathias VROLIX

(Acta Cardiol 2003; 58(4): 341-348)

Keywords: guidelines – angioplasty – competence.

Introduction

More than 20.000 percutaneous coronary inter-
ventions (PCI) procedures are performed yearly in 
Belgium. The success of new coronary devices as well
as the expanded indications, notably in acute coronary
syndromes, suggest a continuous increase in percuta-
neous revascularization procedures during the follow-
ing years. Consequently, this increasing need for PCI
has encouraged many hospitals to have an interven-
tional programme. In addition, recent trials showing
the superiority of PCI for the treatment of AMI,
suggest that easy access to primary PCI for all patients
would have the greatest potential to salvage the
myocardium and reduce mortality. Although urgent
surgical back-up is now exceptional thanks to the
refinement of PCI materials and adjunctive treatment,
performance of PCI still deserves optimal environ-
mental conditions and physician expertise to be carried
out with the expected efficacy. Considering the recent
developments in interventional cardiology and the Bel-
gian health care system, this document aims to define
updated guidelines for the practice of PCI in Belgium.

General considerations

The BWGIC committee charged to define the
guidelines fully endorses the formal recommendations

on cardiac catheterization laboratory standards
described by the expert committee of the American
Heart Association in 20011. This document defines the
cardiac catheterization laboratory environment, con-
ditions for one day clinic catheterization, quality assess-
ment, procedural and personal issues, ethical concerns,
imaging equipment and radiation safety issues.

Evolution of the cardiac catheterization laboratory

The ongoing technological progress in non-invasive
techniques such as fast multiple slice CT or MRI aims
at assessing the coronary anatomy in a near future,
without selective coronary catheterization2,3. This may
dramatically reduce the need for diagnostic angiogra-
phy. On the other hand, further development in X ray
and numeric technology, will significantly reduce X ray
exposition and facilitate transmission of angiographic
imaging through network systems. Thus, in hospitals
without PCI facilities, there is a high likelihood that
MRI or CT will replace coronary angiography while
hospitals with PCI facilities will have to upgrade to a
dedicated imaging network system and new more
expensive X ray equipment especially developed for
interventional procedures (flat panel detectors, ultra-
rapid rotating C-arm, MRI positioning and imaging
system…).

Evolution of the medical environment

Over the past years, our educational and medical
system allowed many physicians to become cardiolo-
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gists and the “demand” for cardiologists in Belgium
was easily covered by the “offer”. On the other hand,
our country, like other European countries, has not
yet set up specific recommendations for the practice
of interventional cardiology. This situation favoured
the involvement of many physicians not only in diag-
nostic but also in therapeutic catheterizations in such
a way that the mean number of catheterization per 
cardiologists involved in this practice is rather low, with
only 35% or 70 physicians performing more than 75
interventions annually (figure 1). Recent decisions
regarding access for medical education and specializa-
tion will have a dramatic impact on the number of
physicians allowed to be trained in cardiology. In addi-
tion, the eligibility to practice interventional cardiology
will probably be limited to board-certified cardiolo-
gists as in the U.S. in order to ensure the quality of
operator performance.

Surgical back-up

Cardiac surgical back-up for PCI has evolved from
the formal surgical standby in the 1980’s to an infor-
mal arrangement of the first available operating room.
With the advent of intracoronary stenting, there has
been a decrease in the need for emergency coronary
artery bypass, ranging between 0.4 and 2%4,5. Although
the need for emergency bypass surgery has decreased
very significantly due to the increased experience of
the interventional cardiologists and due to the exten-
sive use of coronary stents, serious and possible vital
complications still may occur, frequently unexpected
and sometimes during the treatment of non-complex
and apparently easy to treat lesions. Based on the lit-
erature and according to the AHA/ACC guidelines, it
appears that although the complication rate of PCI
has dramatically decreased, the current standard prac-
tice for elective PCI remains the presence of on-site
surgical standby1. The latter should be organized in
such a way that the patient is on artificial circulation
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Fig. 1. – Cumulative curves representing the relative number
of percutaneous coronary interventions (PCI) performed by indi-
vidual cardiologists over the last 5 years. Sixty-five percent of
interventional cardiologists are doing less than 75 procedures.

Fig. 2. – Geographical distribution of invasive cardiac cen-
tres. Complete cardiac B programmes (stars) involve 24 centres
(including sites in 6 affiliated hospitals). Diagnostic B1 centres
(circle) are present in 20 hospitals, mostly located in Wallonia
(16/20).

within 60 minutes after the medical decision to per-
form urgent bypass surgery. The presence of on-site
cardiac surgeons also helps to organize the best ther-
apeutic strategy in complex cases.

Management of acute coronary syndromes (ACS)

Acute coronary syndromes are a major healthcare
problem with still high mortality and morbidity rates.
The different clinical presentations of acute coronary
syndromes, namely unstable angina and myocardial
infarction, share a common underlying pathophysio-
logic mechanism: atherosclerotic plaque rupture or ero-
sion, with different degrees of superimposed thrombo-
sis and distal embolization. Hence, adequate antiplatelet
and antithrombotic therapy remains a cornerstone in
the management of both ST elevation MI and non 
ST-elevation acute coronary syndromes. The specific
role of invasive and interventional procedures is highly
dependent on the clinical presentation of the ACS and
has been discussed in recently published international
guidelines6,8.

A. Acute coronary syndromes without persistent 
ST-segment elevation

Clinical criteria have been developed to stratify the
patients into different risk levels. High-risk patients
include those with recurrent ischaemia, early post-
infarction angina, elevated troponin levels, haemody-
namic instability and major arrhythmias. In those
patients coronary angiography should be planned as
soon as possible (within 48 h), but without undue
urgency. Meanwhile treatment with heparin and GPIIb/



IIIa should be started. Based on angiographic findings
coronary intervention can be carried out. Such an inva-
sive approach has been shown to reduce death and re-
infarction rate by 25%, as compared to a conservative
approach. In addition, symptoms of angina and the
need for re-admissions were almost halved by an inva-
sive approach. Patients not fulfilling the high-risk cri-
teria can be managed conservatively with appropriate
anti-thrombotic, anti-platelet and anti-anginal drugs.
The decision for invasive evaluation is mainly based
on the documentation of residual ischaemia on a stress
test or by a history of coronary revascularization. In
this setting coronary angiography and coronary inter-
vention can be carried out electively.

B. Acute coronary syndromes with persistent 
ST-segment elevation or new onset left 
bundle-branch block

The major goal in the treatment of AMI is the
rapid restoration of the epicardial blood flow and
myocardial perfusion in the infarct zone. In principle,
two validated reperfusion strategies might be consid-
ered: the pharmacological approach with fibrinolysis or
the mechanical approach with immediate coronary
angiography and PCI of the occluded infarct artery.
Immediate PCI without thrombolytic therapy (also
known as “primary” PCI) has been shown to offer a
substantial benefit over fibrinolysis in terms of patency
rate (85% versus 60% restoration of TIMI 3 flow) and
in terms of event-free survival. A meta-analysis of these
trials showed a reduction in 30-day mortality from 6.5%
to 4.4% and a reduction in stroke from 2% to 0.7%,
compared with fibrinolytic therapy9,10.

It should be acknowledged, however, that these
results reflect performance by highly experienced oper-
ators working in centres committed to primary PCI. In
addition, the outcome of primary PCI has been shown
to be also highly dependent on the time delay between
hospital arrival and PCI. If the door-to-balloon time
exceeds 90 minutes, in-hospital mortality increases 
substantially so that the benefit of primary PCI over
fibrinolysis vanishes11. Accordingly, when patients pre-
sent directly to a qualified primary PCI centre, prompt
primary angioplasty constitutes the optimal therapy
for STEMI provided that the door-to-balloon time is
less than 90 minutes. In some community hospitals
with diagnostic cardiac catheterization facilities (but
no elective PCI programme), skilled operators who
perform elective PCI in nearby tertiary facilities could
also perform primary PCI. Such hospitals have demon-
strated results that are comparable to those obtained
by primary PCI centres12,13.

The situation for patients presenting to hospitals
without cathlab facilities, is more complex and still
under investigation. Rapid transfer to a hospital with

PCI facilities might be an option. This approach has
recently been validated in the DANAMI 214 and
PRAGUE 2 trials15. It should be pointed out that a
well-organized transport system between community
and referral centers allowing a door-to-balloon time
less than 90 minutes is a prerequisite for obtaining such
favourable results.

Treatment with optimal pharmacological reperfu-
sion therapy and referring patients for PCI only in case
of evidence of failed reperfusion might be another
option, especially in haemodynamically stable patients
with small or moderately sized infarctions. Recent data
suggest that the efficiency gap between thrombolysis
and primary PCI could be reduced with this approach,
provided that PCI is performed within 150 minutes
after the initiation of thrombolysis. This implies that
the decision for urgent angiography and option for 
rescue PCI should be taken 60-90 minutes following
initiation of thrombolytic therapy.

Moreover, one might consider the concept of facil-
itated PCI where patients are pretreated with throm-
bolytic agents and/or IIB/IIIA receptor blockers 
(in-hospital or pre-hospital) and then referred for
angiography with the option of PCI16,19. There is
already some clinical evidence that such an approach
results in a greater incidence of infarct artery patency
on initial angiography and that it might yield outcome
results comparable with primary PCI17. The exact role
of this approach is now being evaluated intensively in
several adequately powered trials. In the meantime, the
decision between local thrombolytic therapy, local 
primary PCI, and transfer to a primary angioplasty
centre should be made individually and depends on
several factors, including anticipated time of transfer,
patient condition, local community infrastructure,
medical transport system20,21.

Finally, cardiogenic shock less than 36 hours post
MI in patients less than 75 years old is considered as
a clear emergency indication for acute revascularization
in adequately experienced laboratories; the absolute
benefit in survival is of 20 and 18% at 6 and 12 months,
respectively22,23.

C. Organization of transfer for primary angioplasty

Mechanical reperfusion of MI by PCI ideally
includes fast and direct transfer to a catheterization
laboratory. There is still ongoing debate on whether
“quick and dirty” transport organized by paramedics
with a conventional ambulance equipped with a defib-
rillator is preferable to a “slow and clear” system which
requires transportation by intensive care vehicle with
physician and nurses on board, usually belonging to
the specialized hospital. The recent PRAGUE and
DANAMI trials as well as the Zwolle experience
demonstrated the low risk of complications using a
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“quick and dirty” transfer system and support superi-
ority of PCI over thrombolysis in patients transported
to a specialized center within 90 minutes14,15,26. On the
other hand, absence of medical support during inter
hospital transportation may raise some legal and 
ethical issues in case of complications. In our view, this
should not be an argument to delay or postpone quick
transportation of a patient without cardiogenic shock
by conventional transfer ambulance system. Under
these circumstances, the specialized centre should
endorse the responsibility of the transportation. When
readily available or in case of transportation of a patient
in cardiogenic shock, mobile intensive care ambulance
with physician and nurse on board are recommended.

Belgian Cardiac Programme

The law defines cardiac catheterization settings. It
includes centres with a cardiovascular surgical program
(complete B programme) (n = 24) but also community
hospitals without cardio-surgical programme (n = 20),
only allowed to do diagnostic catheterizations (B1 cen-
tres). Most centres are concentrated in the urban areas,

with more diagnostic (B1) centres in Wallonia as com-
pared to Flanders (figure 2). Community hospitals
without cardiac surgery capability are not allowed to
perform therapeutic invasive procedures (this situation
is referred to as B2 centre).

The availability for therapeutic procedures in actual
B1 centres could reduce the need for unnecessary
repeat catheterization, allow faster revascularization of
AMI by PCI, or avoid transportation issues, all poten-
tial sources of cost savings for the health care system.
In evaluating the potentials of this additional value, it
is important to consider that most smaller B1 hospi-
tals cannot meet the procedure volume requirements,
neither the personal (nurses, technicians, physicians)
availability nor the equipment standards to do inter-
ventions on a 24/24 hour basis. We must also recognize
that the current situation allows immediate access for
revascularization strategies on routine basis without a
waiting list for surgical or percutaneous interventions.

In the final analysis, the regulatory authorities
should consider clinical effectiveness and quality
improvement, rather than unproven cost savings. Only
compliance to the recommendations and guidelines
described below can guarantee quality improvement.
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Fig. 3. – Relation between procedural outcome and hospital caseload (left) and operator caseload (right) in the 1994 New York
State registry. Redrawn from Hannan et al.30.



Recommendations 

A. ELECTIVE PCI

a. Optimal operator and hospital volume:
current evidence

There are consistent data showing a significant cor-
relation between short-term complications of percu-
taneous intervention (emergency CABG and mortal-
ity) and the activity level of both cardiovascular centres
and individual operators25,31. Based on PCI registries
during the first half of the nineties many reports have
demonstrated that hospitals in which fewer PCI’s are
performed have a greater incidence of procedure-
related complications, notably death and need for
bypass surgery for failed intervention, than hospitals
performing more procedures (table 1). The relation-
ship between complication levels and activity levels is
curvilinear with rates decreasing as the activity of the
hospital increases to 600 procedures/year and operator
activity increases to 175 procedures/year (figure 3).
Operators with an activity <75 procedures/year have
a significant higher death and emergency CABG rate
than operators with an annual volume of >75 proce-
dures.

The relation between operator experience and clin-
ical outcome in the stent era was analysed by Kastrati
et al.32. They found that in addition to patient and
lesion characteristics, operator experience was a sig-
nificant predictor of clinical outcome after stent place-
ment: operator volumes above 483 procedures were
associated with an adverse outcome rate of 1.70±1.28%
whereas operators with an annual volume less than 90
procedures were associated with an adverse outcome
rate of 4.59±1.17%. These data were also confirmed
by a recent Medicare registry33 and recent presenta-
tions34. (figure 4).
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Table 1a. – relation between hospital volume vs. outcome

Study period sample Pts/hospitals death CABG threshold

Ritchie25 1989 California 24,883/110 yes yes >200/y
Jollis 26 1987-90 Medicare 217,836/1,194 no yes >200/y
Kimmel27 1992-93 SCA & I 19,594/48 no yes >400/y
Jollis28 1992 Medicare 97,498/984 yes yes ≥200/y
Hannan30 1991-94 NY state 62,670/984 yes yes >600/y

Table 1b. – operator volume vs. outcome

Study period sample Pts/operators death CABG threshold

McGrath29 1990-93 N. NE 12,033/31 no yes >85/y
Hannan30 1991-94 NY state 62,670/? yes yes >100/y
Jollis28 1992 Medicare 97,498/97 no yes >50/y
Ellis31 1993 12,941/38 yes yes >100/y

b. Guidelines for elective PCI

The education in interventional cardiology has been
described previously35. Based on the findings of sev-
eral PCI registries published in the literature and on the
guidelines on optimal annual operator and hospital
volume that were proposed in order to guarantee 
sufficient quality and safety for invasive and interven-
tional heart catheterization procedures, the following
recommendations can be made1,36 (table 2):
1. an interventional cardiologist should perform at

least 250 diagnostic catheterizations per year;
2. an interventional cardiologist should perform at

least ≥ 75 interventional procedures per year in
order to maintain his manual experience and opti-
mally ≥150 interventional procedures per year in
order to adapt his practice rapidly to the evolving
progress in the field;

3. a cardiac centre with an annual volume >600 inter-
ventional procedures per year is considered optimal
for providing the highest standards of patient care;

4. a cardiac centrewith an annual volume between 
400 and 600 intervention procedures per year is 
sufficient for guaranteeing a satisfactory quality of
patient care;

Fig. 4. – Relationship between operator annual volume and
clinical outcome in the stent era (data from PCI registry of 25144
PCI 1997-2001; with stenting rate from 73.8%≥86.6%)34.



5. continuation of activity in a centre with a case load
comprised between 250 and 400 procedures can be
permitted under some conditions:
a. the operators have an individual annual volume

of at least 75 interventional procedures per year 
b. this centre should be affiliated with a high-vol-

ume centre in an integrated network (share a
common agreement) and work with a close co-
operation in order to have:
i. common diagnostic and therapeutic proce-

dural guidelines,
ii. common quality assessment,
iii. formal organization of referrals of difficult

and complex cases,
iv. participation of very experienced operators

from the co-operating high volume center
v. rotation of operators between low and high-

volume centres,
6. continuation of interventional activity of a cardiac

centre performing less than 250 interventional pro-
cedures per year after three years of functioning
should be questioned.

B. PRIMARY PCI

a. Optimal operator and hospital volume:
current evidence

Several studies have shown that also in primary PCI
there is a strong association between institutional and
individual procedural volumes and clinical outcome,
including mortality11,37-39.

It appears thus preferable that primary PCI should
be used as an alternative to thrombolytic therapy only
if performed in a timely fashion by individuals skilled
in the procedure and supported by experienced per-
sonnel in high-volume centres.

b. Guidelines for primary PCI

Based on these studies the following recommen-
dations can be made concerning the performance of
primary PCI for acute myocardial infarction in cen-
tres which fulfill the minimal criteria for elective PCI
as mentioned above (table 2):

1. The operators must be experienced interventional
cardiologists who regularly perform elective inter-
ventions (at least > 75 cases/year and optimally
>150 cases/year). The institution should meet the
volume criteria for elective PCI and treat a mini-
mum of 36 patients by primary PCI for acute
myocardial infarction per year and optimally ≥57
per year. In addition, each operator must perform
a minimum of 12 primary PCI for acute myocar-
dial infarction per year.

2. A cardiac centre should involve at least 2 experi-
enced interventional cardiologists.

3. The nursing and technical catheterization labora-
tory staff must be experienced in handling acutely
ill patients and be comfortable with interventional
equipment. They must participate in a 24-h, 365-day
call schedule.

4. The catheterization laboratory must be well
equipped, with optimal imaging systems, resuscita-
tion equipment, IABP support and a broad array
of interventional equipment.

5. The cardiac care unit nurses must be adept in
haemodynamic monitoring and IABP management.

6. There must be formalized written protocols in place
for immediate (within 1 hour) and efficient trans-
fer of patients for emergency CABG, and these pro-
tocols should be reviewed and tested on a regular
(quarterly) basis.

7. Primary intervention must be performed routinely
as the treatment of choice around the clock for a
large proportion of patients with acute myocardial
infarction to ensure streamlined care paths and
increased case volumes.

8. Case selection for the performance of primary
angioplasty must be rigorous. There must be an
ongoing programme of outcome analysis and for-
malized periodic case review.

9. Institutions should have a formalized primary PCI
programme instituted that includes establishing
standards, training staff, developing detailed logis-
tics and creating a quality assessment and error
management system.

Quality assessment

In order to examine the quality of care, it is neces-
sary to register patients and procedure-related data in
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Table 2. – Minimal and optimal hospital and operator volume

Hospital Operator
Minimal Optimal Minimal Optimal

Elective PCI 400 PCI / year ≥600 PCI / year >75 PCI / year ≥125 PCI / year
Primary PCI* ≥36 PCI / year ≥57 PCI / year >12 PCI / year

* In hospitals with minimum caseload volume (400 PCI/year) and by operators with minimum caseload experience (>75 PCI/year).



all catheterization procedures. These data should be
used as quality indicators to assess the compliance to
clinical practice guidelines, resources, clinical results
and outcomes. These quality indicators should be 
recognized as meaningful for the medical profession,
the authorities and patient care. A minimal data set of
information should be systematically provided in order
to have dynamic data on the health care process. Fur-
thermore, audits may be performed analysing partic-
ular situations at a certain point in time by appropri-
ate questionnaires. Recording of quality indicators
should be part of the procedure and linked to its reim-
bursement.

Conclusions

The field of coronary intervention has expanded
dramatically over the past decade and will continue to
evolve over the next several years. In order to keep a
standard of quality and to provide the best treatment
for patients undergoing coronary interventions, it is of
paramount importance to allow practice of PCI based
on demonstration of safety and efficacy. The present
document proposes guidelines and recommendations
inspired on the current knowledge and derived from
randomized clinical studies and/or large registries. Rig-
orous application of these criteria is critical to assure
safe and effective therapy and provide overall clinical
utility to patients with coronary artery disease. Physi-
cian practice as well as centre agreement should be
based only on sound evidence-based data provided in
this document.
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