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Abstract. A questionnaire was sent to all departments of
nuclear medicine in Denmark (n=20) asking for details
of myocardial perfusion imaging (MPI), including the
number of patients examined each year from 1997 to
2001 and the current clinical and technical practice. All
(100%) departments replied, and the survey thus covers
all MPI performed in Denmark during the period in
question. The number of MPI studies (examined pa-
tients) was 2,531 in 1997 (0.47 MPI/1,000/year) and
4,961 (0.93 MPI/1,000/year) in 2001, which is a dou-
bling in activity in 5 years. Nineteen (95%) of the Dan-
ish departments performed MPI in 2001, and 14 (74%)
of these reported that activity had increased over the past
5 years. MPI activity was unevenly distributed between
hospitals and regions. In 2001, the university hospitals in
the central Copenhagen region (capital) accounted for
the highest MPI activity (2.00/1,000/year), while the
non-university hospitals in general had the lowest activ-
ity rate (0.73/1,000/year). The most pronounced in-
crement found in the period was observed in the univer-
sity hospitals outside Copenhagen, where activity in-
creased by 300% from 0.44/1,000/year in 1997 to 1.33/
1,000/year in 2001. All departments providing MPI used
tomographic acquisition technique and all departments
used technetium tracers. The more sophisticated tech-
niques of MPI – gated acquisition, attenuation correction
and iterative reconstruction – were used in 74%, 32%
and 42% of departments, respectively. The stress mode
in perfusion studies was dipyridamole/adenosine in 76%,
exercise in 18% and dobutamine in 6%. Despite these
encouraging figures, MPI activity for 2001 remained
well below what is recommended by other national and
international societies. The anticipated further increase
in nuclear cardiology is encouraging, but the nuclear

medicine community needs to address the issues that
prevent it from keeping up with demand. In general, the
restricted camera time and the limited number of trained
personnel explain the excessive waiting lists in Den-
mark.
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Introduction

National guidelines on clinical practice with myocardial
perfusion imaging (MPI) were published in 1998 in an
effort to standardise referral and technique in Denmark
[1]. The current survey was conducted to ascertain
whether the activity is comparable with that in other
European countries and the United States. Other national
surveys have described an increased activity in this field
over recent years [2, 3]. As there has been no previous
published national survey on the activity and practice of
MPI in Denmark, we intended to describe the MPI activ-
ity over the last 5 years.

Materials and methods

On behalf of the nucleus of The Danish Working Group of Nu-
clear Cardiology, a questionnaire was sent to all departments of
nuclear medicine in Denmark in early June 2002. The question-
naire requested information about MPI activity (number of pa-
tients examined per year) from 1997 to 2001. Departments were
asked how many weeks a referred patient had to wait for examina-
tion. Furthermore, questions about current practice were included.
Non-responders received a reminder and/or were reminded by a
telephone call in July 2002.

By late July 2002, responses had been obtained from all 20 de-
partments (100%), covering 100% of MPI performed in Denmark.
Perfusion studies with PET technique or magnetic resonance im-
aging were not included in the survey, since the activity level is
negligible in Denmark.
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Results

Activity

The total number of MPI studies in Denmark, which has
a population of approximately 5,350,000, was 2,531 in
1997, 3,276 in 1998, 3,808 in 1999, 3,953 in 2000 and
4,961 in 2001. These figures are equivalent to activity
levels of 0.47 studies/1,000/year in 1997 increasing to
0.93 studies/1,000/year in 2001.

Of the 20 departments and centres, 19 (95%) provided
a nuclear cardiology service including MPI. Of these 
19 departments, 14 (74%) reported that the number of
MPI had increased and 4 (21%) that the activity was un-
changed. One department (5%) had stopped providing
MPI owing to a lack of staff.

The activity was unevenly distributed between hospi-
tals and regions in the country, as illustrated in Fig. 1.
The highest activity was observed in university hospitals
in the central Copenhagen region, whereas the lowest ac-
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Fig. 1. National and regional
myocardial perfusion scintigra-
phy (MPI) activity rates from
1997 to 2001. An increasing
trend in all regions is observed.
The highest activity is observed
in University Hospitals in the
Copenhagen region. The most
pronounced increase in activity
is observed in University Hos-
pitals outside Copenhagen. 
A relatively low activity is ob-
served in the non-university
hospital



tivity was observed in non-university hospitals. The
highest increment in MPI activity in the 5-year period
was observed in university hospitals outside Copenhagen
(300%). In 2001, two departments of nuclear medicine in
university hospitals outside Copenhagen accounted for
30% of MPI in Denmark. In 2001, three departments
performed less than 100 MPI studies/year.

Waiting list and capacity

The mean waiting time was 5.1 weeks, varying from 
1 week to 13 weeks. Departments were asked what their
potential was to increase MPI. All departments would be
willing to increase MPI procedures in accordance with
clinical demand if financial compensation and the neces-
sary equipment were to be provided. One department
would be able to increase the number of MPI studies by
100/year without extra supply of personnel or gamma
cameras.

Techniques

All 19 departments used technetium-99m labelled tracers
(tetrofosmin or sestamibi) and all used tomographic ac-
quisition. Images were reconstructed iteratively in eight
departments and by filtered back-projection in 11. ECG-
gated MPI technique was used by 14 departments, two
did not describe the procedure and three did not use gat-
ing technique. Six centres used attenuation correction,
two did not specify this and 11 did not use this technique.

In 2001 stress was performed with adenosine in 43%
of the studies, with dipyridamole in 33%, with exercise
in 18% and with dobutamine in 6% (Fig. 2).

Discussion

Activity

This survey is unique in that it encompassed all MPI
performed in Denmark from 1997 to 2001. The total num-
ber of MPI studies in Denmark during these 5 years was
equivalent to activity levels of 0.47 studies/ 1,000/ year in
1997, increasing to 0.93 studies/1,000/year in 2001: an al-
most twofold increase in activity over 5 years. Despite this
encouraging increase, the ongoing activity seems low and
inadequate to meet the needs of cardiac patients.

As long ago as 1994 the British Cardiac Society rec-
ommended 2.2 MPI studies/1,000/year as adequate to
serve the needs of patients with cardiac disease in the
United Kingdom [4]. Also in 1994, Pennell and col-
leagues reported the European average for nuclear cardi-
ology activity to be 2.2 studies/1,000/year [2]. Few data
have been published on activity in nuclear cardiology
within the past few years. Recent data are available for
only a handful of countries. Overall there has been an in-
crease in nuclear cardiology, with a substantial increase
in MPI and a fall in the number of radionuclide ventricu-
lography studies. In 1997, 12,556,000 nuclear medicine
and 4,182,000 nuclear cardiology procedures were re-
ported in the United States, which equates to 47 nuclear
medicine and 15 nuclear cardiology studies/1,000/year
[5]. In Japan the activity for the same year was 14.7 and
2.0 nuclear medicine and nuclear cardiology stud-
ies/1,000/year, respectively [6]. Spain reported 16.7 and
1.1 nuclear medicine and nuclear cardiology stud-
ies/1,000/year in 1999 [7]. A recently published UK sur-
vey of nuclear cardiology in 1997 [8] reported that MPI
activity has risen steadily from 0.19 studies/1,000/year in
1988 to 0.86 studies/1,000/year in 1997. In 1997 the MPI
activity in the United Kingdom was almost twice the ac-
tivity in Denmark (0.47/1,000/year). However, the huge
Danish increase in activity observed in the last 5 years
may have placed Denmark on a comparable level with
the United Kingdom.

The national figures in Denmark obscure an inhomo-
geneous regional activity. At present, the highest activity
is observed in the university hospitals of Copenhagen
(the capital of Denmark), with 2.00 MPI/1,000/year. On
the other hand, the highest increase in MPI activity from
1997 to 2001 was observed in university hospitals out-
side Copenhagen, with an increase of 300%. In 2001,
two departments of nuclear medicine in university hospi-
tals outside Copenhagen accounted for 30% of the MPI
studies performed in Denmark. In 2001, three depart-
ments carried out fewer than 100 MPI studies per year.

The main reason for the increase in activity is un-
doubtedly the dissemination of the extensive literature
that now exists on the clinical utility of MPI. A chal-
lenge for cardiologists as well as specialists in nuclear
medicine may be the future use of MPI in the acute
phase of cardiac disease. Diagnostic strategies using MPI
in the acute phase of chest pain could substantially in-
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Fig. 2. Choice of stress protocols in Denmark in 2001. The major-
ity of studies (76%) were performed as pharmacological vasodila-
tor stress



crease the number of MPIs needed. A recent paper deal-
ing with this issue has documented the clinical value of
MPI in this context, as it significantly reduces hospitali-
sations for chest pain, thereby restricting hospital admis-
sion to more appropriate patients [9].

Technical standard

The current (2001) techniques in Danish nuclear medi-
cine departments seem in general to be in agreement
with international standards. All departments use techne-
tium tracers. All MPI studies are performed as tomogra-
phy and as many as 74% of departments use gated acqui-
sition and 32% use attenuation correction. These figures
indicate a high technical standard compared with figures
from other surveys [8].

Specification of stress protocols indicates a prefer-
ence for pharmacological vasodilation techniques since
76% of all stress procedures were performed with dipy-
ridamole or adenosine. This number seems high com-
pared with international practice [8]. National and inter-
national recommendations suggest that physical exercise
should be used whenever possible [10]. The present sur-
vey does not allow for an in-depth analysis of whether
appropriate stress protocols were chosen.

Why is MPI activity low in Denmark?

Several factors may be responsible for the low MPI activity
in Denmark. Despite the encouraging increase in activity, it
appears that MPI is not widely used as the gatekeeper to
coronary angiography. The optimal level of MPI activity is
unknown. However, compared with MPI activity in the
United States, that in Denmark and Europe generally is low.
Different systems of financing and reimbursement in medi-
cal care could be part of the explanation. However, the pres-
ent activity of 0.93 MPI/1,000/year in Denmark is too low.

In Denmark all MPI procedures are carried out in nu-
clear medicine departments and not as an integrated pro-
cedure in the department (and mind) of cardiology. Nu-
clear medicine is a separate medical specialty in Den-
mark, as in most European countries. Based on our wait-
ing list figures, there is no doubt that at present clinical
demand exceeds production. An average waiting time of
5 weeks is unacceptable for patients with ischaemic heart
disease. As a consequence of the long waiting lists, MPI
may be skipped and the cardiologist may handle these
patients according to a more rapid and flexible diagnos-
tic strategy. In practice they refer patients to diagnostic
coronary angiography, especially if there is sufficient ca-
pacity in the catheter laboratory. All Danish departments
of nuclear medicine intend to increase their activity, if
there is a clinical demand. Although one department
reported that it would be able to increase activity by 
100 MPI studies per year without extra supply of person-
nel or gamma cameras, all other departments had
reached their maximal level of production.

In Denmark the National Board of Health and the
Ministry of Health have in recent years focussed on the
invasive procedures in cardiology. Recognising that ac-
tivity in this field was insufficient compared with that in
other European countries, substantial political and eco-
nomic resources have been invested in this field over the
last 5–10 years. As a consequence, coronary angiogra-
phy activity increased from 667/million/year in 1990 to
3,053/million/year in 2000 [11]. Revascularization pro-
cedures have increased from 186/million/year in 1990 to
1,555/million/year in 2000 [11]. We approve of this pro-
gress and believe that the increase in MPI activity is a
spin-off from the strategic investment in the invasive
cardiology. However, we recommend that there should
be a specific focus on the non-invasive diagnostic imag-
ing techniques, including MPI, in order to bring the ac-
tivity in this field up to international standards.

The goal must be to increase the rate of revasculariza-
tion per coronary angiography procedure – in other
words to define coronary angiography as a pre-operative
or pre-revascularization procedure and not as a diagnos-
tic tool. In order to increase the use of MPI, extra supply
of staff and gamma cameras to departments of nuclear
medicine is necessary.
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