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Abstract Recent improvements in
hardware and software, lack of side
effects, as well as diagnostic accura-
cy make magnetic resonance imag-
ing a natural candidate for preventa-
tive imaging. Thus, the purpose of
the study was to evaluate the feasi-
bility of a comprehensive 60-min
MR-based screening examination 
in healthy volunteers and a limited
number of patients with known 
target disease. In ten healthy volun-
teers (7 men, 3 women; mean age,
32.4 years) and five patients (4 men,
1 woman; mean age, 56.2 years)
with proven target disease we evalu-
ated the performance of a compre-
hensive MR screening strategy by
combining well-established organ-
based MR examination components
encompassing the brain, the arterial
system, the heart, the lungs, and the
colon. All ten volunteers and five pa-
tients tolerated the comprehensive
MR examination well. The mean 
in-room time was 63 min. In one

volunteer, insufficient colonic
cleansing on the part of the volunteer
diminished the diagnostic reliability
of MR colonography. All remaining
components of the comprehensive
MR examination were considered 
diagnostic in all volunteers and pa-
tients. In the five patients, the exami-
nation revealed the known patholo-
gies [aneurysm of the anterior com-
municating artery (n=1), renal artery
stenosis (n=1), myocardial infarct
(n=1), and colonic polyp (n=2)]. 
The outlined MR screening strategy
encompassing the brain, the arterial
system, the heart, the lung, and the
colon is feasible. Further studies
have to show that MR-based screen-
ing programs are cost-effective in
terms of the life-years saved.
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Introduction

To date, radiological approaches to screening have in-
cluded chest radiography for tuberculosis screening
throughout Europe in the 1960s and 1970s [1, 2] and
more recently low-dose computed tomography (CT) for
the detection of lung cancer [3–5]. With the availability
of multislice CT, elective full-body CT screening ser-
vices have become available for health-conscious indi-
viduals [6]. However, all of these approaches are bur-
dened by considerable exposure to ionizing radiation.

The dangers associated with higher radiation doses have
motivated the Federal Drug Administration (FDA) of the
United States to issue “radiation alerts” [7]. The Euro-
pean Union prohibits examinations using ionizing radia-
tion for screening purposes with the exception of mam-
mography [8].

Lack of ionizing radiation and contrast agents void of
any nephrotoxicity, in conjunction with high diagnostic
accuracy based on unsurpassed soft-tissue contrast as well
as high spatial and temporal resolution, make magnetic
resonance (MR) imaging a natural candidate for preventa-
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tive imaging. To date, cost concerns and lengthy data ac-
quisition times have prohibited its use in this regard.
Building on the highest-performance gradient hardware
and new whole-body MR imaging concepts [9–12], we
have developed an MR-based screening protocol capable
of assessing the central nervous system, the cardiovascular
system, the lung, as well as the colon. Theoretically, the
exam could be completed within 1 h. The purpose of this
study was to prove the feasibility of such a comprehensive
60-min MR screening strategy by combining well-estab-
lished organ-based MR examination components.

Materials and methods

Subjects

Within a 5-week period (February–March 2002) a comprehensive
MR examination was performed on ten healthy volunteers (7 men,
3 women; mean age, 32.4 years) and five patients (4 men, 1 wom-
an; mean age, 56.2 years) with proven disease in one of the target
organs of the screening examination [aneurysm of the anterior
communicating artery (n=1), renal artery stenosis (n=1), myocar-
dial infarct (n=1), and colonic polyp (n=2)].

The study was performed according to good clinical practice
(GCP) rules and was approved by the local ethical committee.
Written informed consent was obtained from all patients, who were
not charged for the examination. Vital signs and adverse reactions
were monitored for up to 24 h following the MR examination.

MR imaging

All imaging was performed on a 1.5-T MR system (Magnetom
Sonata, Siemens Medical Systems, Erlangen, Germany), equipped
with a high-performance gradient system characterized by an am-
plitude of 40 mT/m and a slew rate of 200 mT/m/ms (MR Ease
Software 15 A). To enable whole-body coverage, all volunteers
were examined on a fully MR-compatible rolling table platform
(AngioSURF, MR-Innovation GmbH, Essen, Germany) [12, 13].
The platform is 240 cm long and moves on seven pairs of roller
bearings, which are anchored within the existing patient table. Up
to six 3D data sets with a craniocaudal coverage of 380 mm each
can be collected in immediate succession. Markers permit adjust-
ment to the desired field of view (FOV). Signal reception is ac-
complished using posteriorly located spine coils and an anteriorly
placed torso phased-array coil which rests in a height-adjustable
coil holder. Thus, data for all six stations are collected with the
same stationary coil set positioned in the isocenter of the magnet.

Paramagnetic contrast agent was administered intravenously
on two occasions: once for imaging of the arterial vascular tree
[0.2 mmol/kg body weight (bw)] [14] and a second time for MR
colonography (0.1 mmol/kg bw) [15]. The total dose amounted to
0.3 mmol/kg bw. Gadobutrol (Gadovist 1.0, Schering AG, Berlin,
Germany), an extracellular neutral gadolinium chelate with a con-
centration of 1 mol Gd/l was chosen based on its beneficial MR
angiography imaging characteristics [16, 17]. For contrast admin-
istration, a 19-G plastic i.v. line was placed in the right antecubital
vein. The MR examination can be subdivided into four parts. Spe-
cific imaging parameters are summarized in Tables 1, 2, 3, 4.

For MR imaging of the brain (Table 1), volunteers and patients
were placed head first within the bore of the magnet and examined
in the supine position. The cerebrum was assessed by fast T1-
weighted and T2-weighted spin-echo sequences, fluid-attenuated
inversion recovery (FLAIR) imaging as well as diffusion-weight-

ed imaging. The intracerebral arterial system was directly visual-
ized by axial 3D time-of-flight (TOF) MR angiography.

For whole-body MR angiography (Table 2), the volunteers and
patients were placed with their feet first within the bore of the
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Table 1 Cerebral MR imaging (TR repetition time, TE echo time,
FOV field of view, FLAIR fluid-attenuated inversion recovery)

T1-weighted imaging
TR 190 ms
TE 4.8 ms
FOV 230 mm
Plane orientation Transverse
Flip angle 70°
Slice thickness 6 mm
No. of slices 19
Acquisition time 29 s
Spatial resolution 1.1×0.9×6.0 mm3

Matrix 256

T2-weighted imaging
TR 4,800 ms
TE 105 ms
FOV 230 mm
Plane orientation Transverse
Flip angle 150°
Slice thickness 6 mm
No. of slices 19
Acquisition time 50 s
Spatial resolution 1.1×0.9×6.0 mm3

Matrix 256

Diffusion 2D TRACE
TR 180 ms
TE 118 ms
FOV 230 mm
Plane orientation Transverse
Slice thickness 6 mm
No. of slices 19
Acquisition time 88 s
Spatial resolution 2.6×1.8×6.0 mm3

Matrix 128

T2-weighted FLAIR
TR 8,430 ms
TE 119 ms
FOV 230 mm
Plane orientation Transverse
Flip angle 150°
Slice thickness 6 mm
No. of slices 19
Acquisition time 2 min 33 s
Spatial resolution 1.0×0.9×6.0 mm3

Matrix 256

TOF
TR 40 ms
TE 7.5 ms
FOV 200 mm
Plane orientation Transverse
Flip angle 25°
Slice thickness 1 mm
No. of slices 32 per slab (3 slabs)
Acquisition time 5 min 35 s
Spatial resolution 0.8×0.4×1.0 mm3

Matrix 512



magnet and examined in the supine position on the AngioSURF
system. Whole-body MR angiography is based on the acquisition
of five slightly overlapping 3D data sets acquired in immediate
succession. The first data set covers the aortic arch and the supra-
aortic vessels, while the second covers the descending aorta with
its major branches including the renal and mesenteric arteries. The
third data set displays the pelvic arteries, while the last two cover
the arteries of the thighs and calves, respectively. Based on a true
fast imaging with steady-state precession (FISP)-scout protocol
and following determination of the contrast agent travel time to
the aortic arch with a test bolus, slightly overlapping 3D data sets
were collected using a 3D fast low-angle shot (FLASH) sequence
(acquisition time 12 s). A 2-cm overlap at each station’s end re-
sulted in a craniocaudal coverage of 174 cm. For MR angiography,
gadobutrol was administered at a weight-adjusted dosage of
0.2 mmol/kg bw, diluted with normal saline to a total volume of
60 ml. Contrast agent was injected automatically (MR Spectris,

Medrad, Pittsburgh, PA) using a biphasic protocol: the first half
was injected at a rate of 1.3 ml/s, while the second half was ad-
ministered at a rate of 0.7 ml/s, followed by a 20-ml saline flush.

The heart (Table 3) was examined head first in the supine posi-
tion. Axial half-Fourier single-shot turbo spin-echo (HASTE) im-
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Table 2 Whole-body MR angiography (FISP fast imaging with
steady-state precession, FLASH fast low-angle shot)

TrueFISP moving scout
TR 4.45 ms
TE 2.22 ms
FOV 400 mm
Flip angle 70°
Slice thickness 10 mm
No. of slices 6
Acquisition time 9 s
Spatial resolution 3.1×1.6×10 mm3

Matrix 256

Test bolus
TR 1,000 ms
TE 1.58 ms
FOV 400 mm
Plane orientation Coronal
Flip angle 8°
Slice thickness 10 mm
No. of slices 60
Acquisition time 60 s
Spatial resolution 3.0×1.6×10 mm3

Matrix 256
Contrast injection Test bolus, 1 ml gadobutrol;

flow, 1.3 ml/s+30 ml NaCl;
flow, 1.3 ml/s; scan, proximal
third descending aorta

Contrast-enhanced 3D FLASH
TR 2.2 ms
TE 0.74 ms
FOV 390 mm
Plane orientation Coronal
Flip angle 20°
Slice thickness 1.5
No. of slices 64
Acquisition time 12 s
Spatial resolution 1.8×1.5×1.5 mm3

Matrix 256
Contrast injection 0.2 mmol/kg bw

gadobutrol, diluted with NaCl
to 60 ml; biphasic injection
protocol, 1.3 ml/s for the first
half, 0.7 ml/s for the second
half of the bolus+30 ml NaCl;
flow, 1.3 ml/s

Table 3 Cardiac MR imaging (HASTE half-Fourier single-shot
turbo spin-echo)

HASTE
TR 800 ms
TE 23 ms
FOV 350 mm
Plane orientation Transverse
Flip angle 160°
Slice thickness 8 mm
No. of slices 30
Acquisition time 24 s
Spatial resolution 2.4×1.4×8.0 mm3

Matrix 512

TrueFISP 4- chamber
TR 47.4 ms
TE 1.58 ms
FOV 340 mm
Flip angle 60°
Slice thickness 8 mm
No. of phases 15
Acquisition time 11 s
Spatial resolution 1.7×1.3×8.0 mm3

Matrix 256

Volumetry shared-phases
TR 46.88 ms
TE 1.46 ms
FOV 390 mm
Flip angle 60°
Slice thickness 8 mm
No. of slices/phases/segments 3/13/32
Acquisition time 12 s
Spatial resolution 2.5×1.5×8.0 mm3

Matrix 256

Late enhancement short-axis 3D
TR 556.5 ms
TE 1.34 ms
FOV 400 mm
Plane orientation Transverse
Flip angle 25°
Slice thickness 5 mm
No. of slices 30
Acquisition time 22 s
Spatial resolution 1.6×1.6×5.0 mm3

Matrix 256

Late enhancement long-axis 2D
TR 690 ms
TE 4.38 ms
FOV 320 mm
Plane orientation Transverse
Flip angle 25°
Slice thickness 8 mm
No. of slices 1
Acquisition time 10 s
Spatial resolution 1.6×1.3×8.0 mm3

Matrix 256



aging was performed to assess cardiac morphology as well as the
pulmonary parenchyma. Subsequent functional assessment of the
heart was based on segmented true FISP-cine measurements. Each
8-mm slice along the long and short axis as well as along the left
ventricular outflow tract was collected within the confines of a
single breath-hold. A 3D segmented inversion recovery turbo gra-
dient-echo sequence, collected in both the short and long axis
about 20 min after contrast administration for whole-body MR an-
giography, was assessed for areas of “late enhancement” denoting
myocardial infarction.

For MR colonography (Table 4), the volunteers and patients
were placed head first in the prone position. All subjects had un-
dergone standard preparation for bowel cleansing on the previous
day. To minimize peristaltic bowel motion during the examination,
40 mg of scopolamine (Buscopan, Boehringer Ingelheim, Ger-

many) was injected intravenously. Following placement of a rectal
enema tube, the colon was filled with 1,500–2,500 ml of warm 
tap water. After the collection of a “precontrast” volume interpo-
lated breath-hold examination (VIBE) gradient-echo data set,
0.1 mmol/kg bw gadobutrol was administered at a rate of 3.0 ml/s.
After a delay of 60 and 90 s, respectively, the 3D acquisition was
repeated. Each 3D MR colonography data set was collected with a
breath-hold of 23 s.

Image and data analysis

The “in-room” time, defined as the time-span between the patient
entering the MR room for positioning and the patient leaving the
MR room, was determined for all volunteers and patients. All im-
aging data were analyzed on a workstation (Virtuoso, Siemens
Medical Systems, Erlangen, Germany), which permitted 2D, 3D,
and cine-loop viewing and rendered maximum intensity projec-
tions (MIP) as well as multiplanar reformations (MPRs).

The MR data sets of the brain were reviewed by a board-certi-
fied radiologist with subspecialty training in neuroradiology (MF).
For analysis of the whole-body MR angiography examinations,
the arterial tree was divided into 30 segments. Each segment was
analyzed by a board-certified radiologist experienced in MR angi-
ography (SGR) regarding the presence of vascular disease, defined
as: (a) luminal narrowing exceeding 50% on the basis of the most
severe reduction of the arterial diameter compared with the most
normal-appearing segment proximal or distal to the area of arterial
compromise, (b) arterial occlusion, or (c) aneurysmal disease.

MR data sets of the chest encompassing the lung and the heart
were reviewed by an experienced radiologist with special training
in cardiac MR imaging (PH). MR colonography data sets were an-
alyzed by a board-certified radiologist with special training in gas-
trointestinal MR imaging (JFD). For analysis the colon was divid-
ed into five segments (rectum, sigmoid colon, descending colon,
transverse colon, ascending colon). The lumen of the colon was
searched for the presence of enhancing colorectal masses. If iden-
tified, their location and size were recorded. Furthermore, the co-
lon was screened for diverticular disease. The contrast-enhanced
abdominal data sets were further assessed for the presence of re-
nal, hepatic, adrenal, or retroperitoneal disease.

Results

All ten volunteers and five patients tolerated the compre-
hensive MR examination well. The mean in-room time
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Table 4 MR colonography (VIBE volume interpolated breath-
hold examination)

VIBE 3 measurements Fat-sat

TR 3.10 ms
TE 1.17 ms
FOV 400 mm
Plane orientation Coronal
Flip angle 12°
Slice thickness 1.6 mm
No. of slices 96
Acquisition time 23 s
Spatial resolution 2.1×1.6×1.6 mm3

Matrix 256
Contrast administration 0.1 mmol/kg bw gadobutrol; 

flow. 3 ml/s+30 ml NaCl, 
start of first scan 60 s 
postcontrast administration

T1-weighted postcontrast
TR 100 ms
TE 4.57 ms
FOV 350 mm
Plane orientation Transverse
Flip angle 70°
Slice thickness 10 mm
No. of slices 27
Acquisition time 54 s
Spatial resolution 1.5×1.4×10.0 mm3

Matrix 256

Fig. 1 MR imaging of the brain in a 73-year-old male patient with known aneurysmal disease: the source image as well as the maxi-
mum intensity projection show an aneurysm of the anterior communicating artery (4 mm)



for all volunteers and patients was 63.2 min, ranging be-
tween 58.6 and 69.2 min. There were no adverse effects
associated with the MR examination or the administra-
tion of the contrast agent. In one volunteer, insufficient
colonic cleansing on the part of the volunteer diminished
the diagnostic reliability of MR colonography. All re-
maining components of the comprehensive MR exami-
nation were considered diagnostic in all volunteers and
patients.

MR imaging of the brain

The MR data sets of the brain permitted diagnostic anal-
ysis of the cerebral morphology. In the patient with
known aneurysmal disease the examination revealed an
aneurysm of the anterior communicating artery (diame-
ter, 4 mm; Fig. 1).

Cardiovascular MR imaging

The applied MR angiographic approach yielded diagnos-
tic image quality for all the ten volunteers and five pa-
tients. The examination allowed the display of the arteri-
al vasculature from the carotid arteries to the trifurcation
vessels during a single injection of gadolinium-based
contrast agent within 72 s. A high-grade stenosis of the
right renal artery was detected in a 42-year-old male vol-
unteer with known renal artery stenosis (Fig. 2).

The cardiac MR examination revealed a previously
unknown myocardial infarction in the apicoseptal region
in a 53-year-old man (Fig. 3), demonstrated by late en-
hancement. Myocardial contractility was slightly com-
promised in the affected region.

Pulmonary disease

The HASTE data sets revealed four pulmonary lesions
ranging in diameter between 3 and 7 mm in one volun-
teer (n=1) and two patients (n=3). All lesions were diag-
nosed as granulomas.

MR colonography

Two polyps (diameter 5 and 13 mm) were detected in
two patients (Figs. 4, 5). Both lesions, known before,
were again confirmed by conventional colonoscopy and
subsequent polypectomy was performed.
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Fig. 2 AngioSURF-based
whole-body 3D MR angiogram
of a 42-year-old male patient
with hypertension. The exam
consists of five slightly over-
lapping 3D data sets collected
over 72 s. The acquisition time
for each 3D data set amounts to
12 s. During a 3-s acquisition
break, the table is manually
repositioned to the center of the
subsequent image volume.
With five successive acquisi-
tions, craniocaudal coverage
thus extended over 176 cm,
while the total data acquisition
time amounted to 72 s



Discussion

The outlined MR screening strategy encompassing the
brain, the arterial system, the heart, the lung, and the co-
lon is feasible. Based on the latest high-performance gra-
dients and a sliding table concept, the examination can
indeed be completed in little more than 1 h. Image quali-
ty is sufficient to readily detect pathologies in the target-
ed organ systems.

The design of any imaging-based screening strategy
must fulfill a number of requirements. First and foremost,
diseases affecting the targeted organ systems need to be
prevalent and therapeutic interventions at an early stage
must be able to prevent morbidity and/or mortality. This
of course requires the targeted disease to be detectable by
the imaging modality under consideration. Furthermore,
the screening examination itself should be easy to tolerate

788

Fig. 3 MR imaging of the
heart in a 53-year-old patient
with a history of myocardial in-
farction: “late enhancement”
study in long and short axis re-
veals high signal within the
subendocardial apicoseptal
myocardium (arrows)

Fig. 4a, b Coronal source im-
age of the 3D MR colonogra-
phy data set of a 54-year-old
male patient with a colorectal
polyp confirmed by conven-
tional colonography. The image
depicts the colonic wall (aster-
isk) with a small intraluminal
contrast-enhancing lesion in the
sigmoid a (arrow); the endo-
scopic view resulting from the
same data set b illustrates the
polyp to a better extent

Fig. 5 Coronal source image of the 3D MR colonography data set
(coronal, sagittal, axial) of a 63-year-old male patient depicting a
13-mm large polyp in the sigmoid. The diagnosis was confirmed
by subsequent conventional colonoscopy and polypectomy was
performed



and not associated with harmful side effects. The pro-
posed comprehensive MR-based strategy fulfills these re-
quirements: (1) the targeted diseases are common and po-
tentially lethal; (2) the MR examination is both sensitive
and specific regarding identification of the target dis-
eases; (3) lack of harmful side effects and an overall ex-
amination time of little more than 60 min assure high ac-
ceptance by individuals undergoing the test.

Cardiovascular disease is the leading cause of mortal-
ity in western societies [18]. Despite vast efforts to im-
prove treatment of patients with ischemic heart disease,
published results of the WHO MONICA Project show
that in industrialized nations about 50% of patients with
acute myocardial infarction still die within the first
month of the event [19]. These numbers underscore the
need for focusing on primary prevention to achieve real
further reduction in coronary heart disease mortality
rates [19–21]. Accordingly, expert panels in Europe and
North America have advocated targeting high-risk indi-
viduals for primary prevention [22]. Risk factors predict-
ing cardiovascular events include systemic hypertension,
cigarette smoking, elevated levels of total and LDL cho-
lesterol and triglycerides as well as low levels of HDL
cholesterol, and diabetes mellitus [19]. While all of these
risk factors are readily identifiable by a combination of
physical examination, laboratory analysis, and patient
history, the proposed MR imaging protocol offers a
unique opportunity to assess what damage if any has al-
ready been inflicted on the cardiovascular system.

The outlined protocol has been shown to be highly
sensitive regarding the identification of pathologies in
the cerebrum. The size, number, and distribution of isch-
emic brain areas permit consideration of possible etiolo-
gies: thus microangiopathic changes of the cerebral
white matter are highly suggestive of hypertension [23].
Similarly, the proposed protocol offers a highly accurate
assessment of myocardial viability. Based on delayed en-
hancement, infarcted myocardium is detected on T1-
weighted images with high sensitivity and specificity
[24, 25]. In contrast to existing scintigraphic methods,
MR imaging even permits the identification of nontrans-
mural subendocardial infarcts. Furthermore, MR imag-
ing offers the most accurate assessment of left and right
ventricular ejection fractions, cardiac mass, and valvular
function [26]. In addition, short-axis cine-MR imaging
permits evaluation of myocardial contractility both under
resting and stress conditions. The latter was not incorpo-
rated into the MR protocol presented as it would have
prolonged the examination by at least 30 min and would
have rendered subsequent MR imaging impossible due
to patient agitation.

The cardiovascular screening component also encom-
passes intracerebral TOF MR angiography and contrast-
enhanced multistation whole-body MR angiography. The
quality of the former is sufficient to detect small
aneurysms or precursors thereof, as shown in one of the

screened patients. Whole-body MR angiography mirrors
the generalized nature of atherosclerotic disease from a
diagnostic viewpoint. The technique has been shown to
be highly accurate in the detection and characterization
of arterial disease [12, 27]. A stenosis in the carotid ar-
tery was identified as readily as a renal artery stenosis.
Only the coronary arteries remain unassessed by MR an-
giography. While several techniques have been pro-
posed, none has gained clinical relevance. This reflects
the small size of the coronaries as much as the severe
cardiac motion. Although the ability to analyze myocar-
dial viability in combination with ventricular function re-
duces the impact of this deficit, it would be highly desir-
able to incorporate coronary MR angiography into a fu-
ture screening protocol.

Another focus of the proposed MR-based screening
protocol relates to the detection of lung and colorectal
cancer. MR imaging of the lung had been handicapped
by susceptibility effects at the interfaces between pulmo-
nary interstitium and air-filled alveoli. These artifacts
can be overcome by using ultrashort echo times [28].
Based on such sequences the accuracy of MR imaging
regarding the detection of pulmonary lesions has been
shown to be quite high [29, 30]. In a study involving 30
patients with known pulmonary masses, axial HASTE
images demonstrated 1,032 of 1,102 lesions seen on CT
[31]. Reflecting the lack of signal-providing protons,
smaller calcified nodules were missed. Furthermore, le-
sions with a diameter of less than 3 mm were also
missed. All other lesions were clearly detected.

Colorectal cancer has been a focus of screening ef-
forts for quite some time. Despite these efforts, the inci-
dence of colorectal cancer continues to increase with
more than 130,000 newly diagnosed patients and 50,000
deaths in the United States alone [32]. The vast majority
of colon cancers develop from nonmalignant colonic
adenomas or polyps. Thus, cancer-screening programs
targeting precancerous colonic polyps with subsequent
endoscopic polypectomy are able to reduce cancer mor-
tality by more than 80%. Colorectal screening for polyps
may hence be considered one of the most promising pre-
ventive measures in medicine [32].

MR colonography overcomes many of the short-com-
ings limiting the clinical impact of existing screening
techniques including the gold standard “conventional co-
lonoscopy.” In the setting of a dark, water-filled colonic
lumen, it is based on enhancement of the colonic wall as
well as of colorectal masses [15, 33]. The technique has
been shown to be both sensitive and specific regarding
the detection of colorectal masses.

Analysis of the parenchymal organs in the abdomen
can be based on 3D gradient-echo data sets collected in
the arterial, portal venous, and hepatic venous phases.
While the first data set is provided as part of the whole-
body MR angiographic examination, the subsequent data
sets are collected for MR colonography. Previous studies
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have shown this type of dynamic contrast-enhanced 3D
imaging of the abdomen to be very accurate regarding
the identification of pathologies in the parenchymal or-
gans [34]. Similar experiences have been reported based
on MR colonography data sets alone [35].

Clearly, the limited number of individuals included in
this study cannot provide relevant data regarding the val-
ue of MR-based screening from a societal perspective.
This will be accomplished in large-scale studies current-
ly in planning. Rather, the purpose of this paper was to
demonstrate the technical feasibility of a comprehensive
MR-based screening approach capable of assessing mul-
tiple organ systems in a single examination.

The diagnostic accuracy of the different components
making up the comprehensive MR imaging protocol has
been established in a number of comparative examina-
tions against gold standards. Lack of follow-up examina-
tions in individuals void of pathologic findings prohibits
any meaningful analysis in this regard.

To our knowledge, this is the first attempt to imple-
ment and evaluate a comprehensive MR-based screening
examination. Previous attempts at screening have fo-
cused mainly on CT [36]. Particularly, the development
of multislice CT has given rise to intensive consideration
regarding the use of this technology for assessing cardio-
vascular risks with coronary calcium scoring [37], lung
cancer [4, 5], as well as colorectal cancer with virtual 
CT colonography [38]. Recently, even whole-body CT
screening is being offered on a commercial basis in the
United States. Medical professionals are predicting that
5 years from now, there could be as many as 4,000 facili-
ties in the United States alone [6]. All of these approach-
es, particularly “whole-body CT,” are burdened by a

considerable exposure to ionizing radiation. This con-
cern prompted the FDA to issue the following statement
in April 2002 [7]: “A CT examination with an effective
dose of 10 mSv may be associated with an increase in
the possibility of fatal cancer of approximately one
chance in 2000… nevertheless, this small increase in 
radiation-associated cancer risk for an individual can 
become a public health concern if large numbers of the
population undergo CT screening.” Accordingly, the
American College of Radiology, the American College
of Cardiology, and the American Heart Association do
not recommend CT screening [7].

Compared to the radiation exposure caused by CT,
public health concern associated with MR imaging is
minimal. Thus, patient exposure to magnetic resonance
has never been associated with any harmful side effects
[39]. Side effects may, however, be associated with the
administration of paramagnetic contrast agents, which
must be considered an integral part of the proposed ex-
amination. Although rare, anaphylactoid reactions may
occur. Hence individuals undergoing the examination
need to be carefully monitored. On the other hand, neph-
rotoxicity, a worry with iodinated contrast agents, is of
no concern [40]. Gadobutrol is approved for CNS imag-
ing and MR angiography. As in many other studies, it
was in part used in an off-label manner.

We conclude that the outlined MR-based screening
strategy encompassing the brain, the arterial system, the
heart, the lung, and the colon is feasible and could thus
play a pivotal role as part of a comprehensive screening
strategy. Further studies have to show whether such MR-
based screening programs can indeed be cost-effective in
terms of life-years saved.
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