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ABSTRACT 

Background: Non-invasive diagnostic imaging of atherosclerotic coronary 
artery disease (CAD) is frequently carried out with cardiovascular magnetic 
resonance imaging (CMR) or myocardial perfusion single photon emission 
computed tomography (MPS). CMR is the gold standard for the evaluation of 
scar after myocardial infarction and MPS the clinical gold standard for 
ischemia. Magnetic Resonance Imaging (MRI) is at times difficult for patients 
and may induce anxiety while patient experience of MPS is largely unknown. 
Aims: To evaluate image quality in CMR with respect to the sequences 
employed, the influence of atrial fibrillation, myocardial perfusion and the 
impact of patient information. Further, to study patient experience in relation to 
MRI with the goal of improving the care of these patients.  
Method: Four study designs have been used. In paper I, experimental cross-
over, paper (II) experimental controlled clinical trial, paper (III) psychometric 
cross-sectional study and paper (IV) prospective intervention study. A total of 
475 patients ≥ 18 years with primarily cardiac problems (I-IV) except for those 
referred for MRI of the spine (III) were included in the four studies.  
Result: In patients (n=20) with atrial fibrillation, a single shot steady state free 
precession (SS-SSFP) sequence showed significantly better image quality than 
the standard segmented inversion recovery fast gradient echo (IR-FGRE) 
sequence (I). In first-pass perfusion imaging the gradient echo-echo planar 
imaging sequence (GRE-EPI) (n=30) had lower signal-to-noise and contrast–
to-noise ratios than the steady state free precession sequence (SSFP) (n=30) but 
displayed a higher correlation with the MPS results, evaluated both qualitatively 
and quantitatively (II). The MRI-Anxiety Questionnaire (MRI-AQ) was 
validated on patients, referred for MRI of either the spine (n=193) or the heart 
(n=54). The final instrument had 15 items divided in two factors regarding 
Anxiety and Relaxation. The instrument was found to have satisfactory 
psychometric properties (III). Patients who prior CMR viewed an information 
video scored significantly (lower) better in the factor Relaxation, than those who 
received standard information. Patients who underwent MPS scored lower on 
both factors, Anxiety and Relaxation. The extra video information had no effect 
on CMR image quality (IV). 
Conclusion: Single shot imaging in atrial fibrillation produced images with 
less artefact than a segmented sequence. In first-pass perfusion imaging, the 
sequence GRE-EPI was superior to SSFP. A questionnaire depicting anxiety 
during MRI showed that video information prior to imaging helped patients 
relax but did not result in an improvement in image quality. 
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INTRODUCTION 

Magnetic Resonance Imaging (MRI) is a complicated medical imaging technique 
[1]. It is useful in a wide range of conditions, such as in cardiovascular 
investigations, where the ability to investigate tissue characterization can be fully 
exploited. Technical developments have produced advanced scanners and a large 
number of sequences to use. The manufacturers propose ways they perceive to be 
the most successful in building sequences. However, we need to evaluate the 
performance of each sequence in the clinical setting. New sequences have to be 
critically evaluated with the patient’s best interest in mind. 

Being a patient is always associated with distress and anxiety. High technology 
environments, such as an MRI suite, could be experienced as threatening and 
alienate the patient from the staff [2]. The patients are left alone in the scanner 
with the operating staff in an adjacent room. Patients may feel abandoned when 
the staff is fully focused on running the imaging equipment. This may result in 
sub-standard care [3].  

Cardiovascular disease is the most common cause of death in Europe [4]. Having 
a cardiac condition is frequently perceived to be life-threatening and may create a 
state of anxiety in patients [5]. The combination of undergoing a cardiovascular 
magnetic resonance (CMR) imaging procedure and having a potential life-
threatening cardiac disease, may add to the state of anxiety.  

Information frequently reduces anxiety [6], but the scope of information required 
differs among patients. Some need details while others prefer a superficial 
orientation. Patient information should be given in plain language that is easy to 
understand for everyone [7]. 
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BACKGROUND 

Ischemic Heart Disease 

Atherosclerosis 

Atherosclerotic coronary artery disease (CAD) includes a broad spectrum of 
conditions from asymptomatic atherosclerosis to myocardial infarction (MI) and 
sudden death. It is characterized by fibrotic thickening of the intima associated 
with lipid infiltrated plaque seen in large and medium sized arteries [8]. 
Inflammatory and immune cells are an important part of the plaque. The 
atheromatous plaque is preceded by fatty streaks mostly consisting of 
macrophages and some T-cells [9]. 

Atherosclerosis begins in childhood and slowly progresses over time [10].  
Acceleration of disease, causing premature manifestations, can be induced by 
hereditary as well as environmental factors [11].  The general heritability of CAD 
is difficult to prove because of the complex interaction between heredity and 
environment. However, an early onset of CAD in first degree relatives is 
significantly associated with and predicts early onset of CAD [12]. The penetrance 
of hereditary factors in CAD is in the range 40-60 % [13, 14]. The risk increases 
with higher numbers of first degree relatives with CAD and with manifestations 
at an early age [15, 16]. The genetic basis for CAD is thought to be derived from 
small cumulative effects of multiple common risks factors rather than a single 
dominant factor [17].  

Some risk factors are defined to be independent from heredity: Cigarette 
smoking, hypertension, unfavourable levels of blood cholesterol, diabetes 
mellitus and advancing age [8, 18]. An additional related risk factor is obesity, 
particularly if abdominal. Only 15%-20% of all patients with CAD lack any of 
those risk factors [19]. Post-menopausal women run a higher risk of CAD than 
pre-menopausal ones. Women presenting with CAD are generally older than men 
[8].  Physiological factors are also shown to increase the risk for CAD [20].  

Ischemia 

Ischemia is defined as an imbalance between oxygen demand and supply. 
Plaques of the arterial vessel wall accumulate gradually and their presence 
induces remodelling of the arterial wall with gradual reduction of the vessel 
lumen. A decrease in resting blood flow is not seen until an 85% reduction in 
vessel area is reached [21]. Most patients that seek attention because of chest 
pain of possible cardiac origin experience symptoms during physical or mental 
stress. Tests for the detection of coronary stenoses have to be built on either 
physical exercise inducing ischemia, pharmacological vasodilatation inducing 
uneven myocardial perfusion or direct visualization of the coronary lumen. 
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During exercise, oxygen demand increases three to four times compared with at 
rest [22] but in areas supplied by vessels with ≥ 50% stenosis the arteriolar bed is 

already maximally dilated and blood flow cannot increase. Potentially 
hypoperfused myocardium distal to a stenosis can be identified after flow 
redistribution induced by vasodilators [23], or by an increase in oxygen demand 
by an infusion of dobutamine [24]. 

Non-invasive examinations of patients with suspected CAD are performed at rest 
and during stress and are selected to imitate the situations when patients have 
angina. Stress is induced with exercise if the patient is able to reach an acceptable 
workload, ≥ 85 % of their age-predicted maximum heart rate [25]. Otherwise, 
pharmacological agents are used. Echocardiography (Echo) has the possibility to 
visualize global and local dysfunction as a result of ischemia but more or less 
requires the use of dobutamine as a stressor to avoid respiratory motion caused 
by exercise [26]. Myocardial perfusion single photon emission computed 
tomography (MPS) and CMR use vasodilators such as Adenosine and 
Regadenoson as pharmacological agents, if exercise is impossible [25, 27, 28]. 

If the pretest probability of ischemia is low, investigations start with exercise 
electrocardiography (ECG). If a secondary test is necessary, local availability 
determines whether dobutamine stress Echo or myocardial perfusion SPECT is 
selected.  If the pretest probability is low and the patient is unable to exercise, 
coronary CT may be considered. Invasive coronary angiography (ICA) is 
appropriate when the probability for ischemia is high, which is likely when 
patients have symptoms and an abnormal ECG [29]. 

Myocardial Infarction 

Myocardial infarction is defined as cardiomyocyte death caused by an ischemic 
insult [29, 30]. A diagnosis of MI is dependent on the sensitivity and specificity of 
clinical criteria, biomarkers such as troponin and imaging studies. Infarct criteria 
according to guidelines have changed over time due to increasing sensitivity of 
biomarker analyses, e.g., troponins, which has increased the number of patients 
diagnosed with myocardial infarction [29]. 

In the atheromatous plaque, oxidized low-density-lipoprotein (LDL) is taken up 
by macrophages, forming foam cells. As atheromas age, T cells and macrophages 
infiltrate and as the plaque matures, a fibrotic cap develops. The plaque is prone 
to rupture in areas where the cap is thin and the underlying part of the plaque is 
infiltrated by foam cells. It is usually the rupture that triggers an occluding 
thrombus on the surface of the plaque, blocking blood flow [8, 30, 31]. 
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Magnetic Resonance Imaging 

Spin and magnetization 

Clinical MRI uses physical characteristics of the hydrogen atom (1H) for imaging. 
Positively charged hydrogen protons spin around their axis. The protons act like 
small magnets and are randomly oriented in space, ordinarily neutralizing local 
magnetic fields. When positioned in a strong magnetic field (B0), the magnetic 
property of the protons are slightly more oriented in the direction of the field, 
giving a net magnetization vector parallel to the field. In addition to this, the 
magnetization vector will precess around its axis [32].  

Excitation 

A radio frequency pulse (RF) forces the magnetization to rotate away in a plane 
perpendicular to the magnetic field (excitation) [32]. The Larmor equation 
defines the frequency with which the protons precess, which is the frequency the 
RF pulse needs for excitation. This frequency can be calculated as a constant 
times the magnetic field strength. The constant is called the gyromagnetic ratio 
and is, for hydrogen protons, 42.6 megahertz per tesla (MHz/T). For a 1.5 tesla 
(T) scanner the frequency will be 42.6 x 1.5 = 63.9 MHz. The amount of deviation 
from the basic field (flip angle) depends on the strength and duration of the RF-
pulse. If the magnetization is rotated to the transversal plane the RF-pulse is 
called a 90◦ pulse [33, 34].  

Slice selection is achieved by using a gradient coil that slightly changes the field in 
the slice direction. The protons affected by the gradient field will then have 
different Larmor frequencies. Since only protons with a frequency according to 
the Larmor frequency can be excited, an RF-pulse with a specific frequency will 
be able to excite only the selected slice [35].  

When the RF-pulse is turned off, the magnetization continues to precess [32], 
producing an electromagnetic signal which can be detected by a receiver coil. The 
signal from the slice is, with orthogonal gradients, encoded in two directions, 
frequency and phase. The signal is collected in k-space and translated to a 
physical image by the Fourier transform [33, 34, 36]. 

Relaxation 

When the magnetization vector has the direction of the magnetic field B0, the 
magnetization is said to be longitudinal. Transversal magnetization occurs when 
the net magnetization is rotated from the longitudinal plane by an RF-pulse. 
Immediately after the RF-pulse is turned off, the magnetization starts to recover 
into the longitudinal plane [32]. This is the longitudinal or T1 relaxation. T1 is 
defined as the time it takes for the magnetization, after a 90◦ RF-pulse, to recover 
to 63% of its equilibrium value in the longitudinal direction. After the 90◦ RF- 
pulse the magnetization not only recovers in the longitudinal plane, but due to 
fluctuating magnetic field variation in tissue, protons will experience slightly 
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different magnetic field and fall out of phase in the transversal plane. This is 
called transversal or T2 relaxation. T2 is defined as the time it takes after the 90◦ 

RF -pulse for the transversal relaxation to drop to 37% of its initial value [33, 34, 
37].   

In T1-weighted images, tissue with long T1 will display a low signal and tissue 
with short T1 a high signal. When images are T2 weighted, tissue with long T2 
will have a high signal and tissue with short T2 a low signal. The proton density 
weighted images will display a signal that depends on the amount of hydrogen 
protons present. Tissue with a high signal appears bright on the images and 
tissue with a low signal is dark [37]. 

Safety 

MRI does not use radiation and is considered safe for the patients as long as there 
is no contraindication, such as metallic objects in the eyes, shunts and 
pacemakers that are not MRI compatible [37, 38]. Gadolinium (Gd) is the 
preferred external contrast agent used for intravenous injection. Gd is 
paramagnetic and causes small local magnetic fields that shorten the relaxation 
time of surrounding protons. In T1-weighted images, contrast enhancement is 
seen as a higher signal, bright on the image [39].  The use of Gd contrast media 
has been associated with nephrogenic systemic fibrosis (NSF) in patients with 
renal failure [40]. To avoid this potential complication, use of contrast media 
should in general be avoided if the Glomerular Filtration Rate (GFR) is lower 
than 30 ml min-1 per 1.73 m2 [41].  

The GFR may be estimated from different equations related to S-creatinine and 
body surface area (BSA), or use calculations based on cystatin-C. The one most 
commonly used is the one  proposed by McIntosch et al. 1928, who found a 
correlation between  GFR and BSA, and that BSA could be normalized to 1.73m2 
[42]. For calculation of GFR, the program OmniVis® (GE Healthcare) can be 
used [43]. OmniVis equations use plasma (serum)-creatinine (P-crea) (expressed 
in μmol/L), age (in years), weight (kg), height (cm) and gender. Two equations 

can be calculated with OmniVis, the Lund-Malmö and the Cockcroft-Gault 
equations [44]. 

Cardiovascular Magnetic Resonance  

Motion compensation 

Cardiovascular magnetic resonance sequences have to be compensated for 
respiratory and cardiac motion. In order to avoid respiratory motion most 
sequences are recorded during breath hold, with a duration of 10 to 20s. 
Alternatively, a navigator is used, which enables recording during free breathing 
[45]. Breath holding is often preferred to save time, compared with free breathing 
acquisitions. 
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To compensate for cardiac motion, measurements are ECG gated [46]. The signal 
from the ECG enables triggering on the R-wave and the selection of the time 
delay for image collection. Most cardiac images are recorded in diastole, when the 
motion from the heart is minimal. Functional series (cine-loops) are recorded at 
several time points during the entire R-R interval [45, 47]. 

Data sampling and acceleration 

In order to obtain an image with high signal to noise ratio (SNR), defined as the 
Signal Intensity (SI)/noise, k-space is sampled during several R-R intervals. Each 
R-wave is followed by several excitation pulses, where each pulse encodes one 
line in k-space. The length of the sequence depends on how many lines in k-space 
are filled from each heart heartbeat and the heart rhythm of the patient. This 
kind of sequence is often denoted as “segmented acquisition” [48].  

In patients with regular heart rhythm and successful breath holding, an image 
with excellent quality can be produced. Arrhythmia or difficulties holding breath 
result in images with, at times, extensive artefacts [49]. Such problems may be 
circumvented by the use of single-shot sequences. In those sequences, k-space is 
sampled in one R-R interval.  

In functional examinations and dynamic events where contrast changes over 
time, high spatial and temporal resolution is necessary. Fast sequences can be 
used, such as Turbo fast low angle shot (Flash), Steady-state free precession 
(SSFP) and Echo Planar Imaging (EPI). High SNR and contrast to noise (CNR) 
(calculated as the SI difference between two regions/noise) favours cine SSFP for 
the acquisition of volumes and wall motion in CMR [50, 51]. One additional 
technique to decrease scan time may be to sample a reduced data set in phase. 
Undersampling data in phase may produce aliasing in the final images [52]. 
These artefacts have to be minimized and images recovered. In parallel imaging, 
reconstructions are made from separate coil elements in a phased array coil, 
where every coil element is more sensitive to the nearest volume of tissue. 
Knowledge about the element sensitivity makes it possible to combine 
undersampled data from each receiver coil into a reconstructed image 
minimizing artefacts [37]. The two most common techniques are reconstruction 
in either k-space with Generalized Autocalibrating Partially Parallel Aquisition 
(GRAPPA), or in the image domain with the Sensitivity Encoding (SENSE) 
technique [36, 37]. Data can also be shared in time where temporal interpolation 
estimates missing data, based on its value in both the past and in the future. It is 
also possible to use both spatial and temporal acceleration. A missing data point 
can be recovered from surrounding data points in both k-space and/or time 
points [36, 53].  

Diagnostic methods  

In one single scheduled appointment, CMR may assess morphology, function, 
myocardial tissue characterization and myocardial perfusion [54]. 
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Reproducibility is high [55], which make CMR suitable for follow-up studies. In 
patients with ischemic heart disease, several aspects related to the ischemic 
cascade may be observed with CMR [50].  

First-pass perfusion may be studied during pharmacological stress to uncover 
a delay of contrast wash-in with the blood that enters the coronary arteries. 
Images are recorded during peak stress, most often after three min of Adenosine 
infusion, and at rest. Areas with high perfusion display contrast enhancement 
and have a high signal, while areas with delayed or low perfusion have a low 
signal and appear dark [56, 57]. Sensitivity and specificity has been shown to be 
in the range 91-94%/ 81-88% [28].  

Cine images can detect myocardial dysfunction in terms of regional and global 
wall motion abnormalities [50]. Cine (dynamic) images visualize motion of the 
heart. The beating heart is visualized when data from the same slice position are 
acquired at different time points during the R-R interval. For sufficient filling of 
k-space, several heartbeats are required. Multiple lines in separate images 
(different k-space) are sampled during each heartbeat. This continues until the k-
space is sufficiently filled. For the detection of wall motion abnormalities a frame-
rate of at least 25 times per heartbeat has to be sampled. 

Late gadolinium enhancement (LGE) technique visualizes myocardial 
injury, following MI or as a consequence of previous inflammation [50, 58, 59].  
The Gd contrast medium accumulates in the extracellular space. In fibrotic non-
viable myocardium, the extracellular volume increases and the contrast 
accumulates and washes out slowly [58, 60]. About ten min after contrast 
injection, an inversion recovery (IR) sequence is used to detect remaining 
contrast in the myocardium. In an infarcted area (scar), contrast media enhances 
the signal. Healthy myocardium has a low signal, if the correct IR-time is chosen 
[61, 62]. In patients with myocardial infarction, the LGE sequence predicts the 
success of revascularization, since recovery of function is most often seen in those 
who display a small area of LGE positivity, while an extensive scar is seen in 
patients who do not improve in myocardial function after revascularization [63, 
64]. 

The CMR-examination 

During CMR examination, the patient is placed in supine position and prepared 
with ECG (for heart triggering), a percutaneous vein catheter (if contrast media is 
needed), and a coil covering the chest (for the detection of the electromagnetic 
signal from precessing hydrogen protons). Patients wear earmuffs to protect 
hearing and are equipped with intercom to enable instructions from the 
radiographer/nurse. By using a hand-held alarm, the patients can signal 
discomfort. During the examination, the patient is positioned in the scanner with 
the heart in iso-centre (Figure 1). The diameter of the bore is often between 60-70 
cm.  
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Figure 1. Patient ready for CMR examination positioned outside and inside the camera. 

 
Image quality  

High image quality improves the diagnostic accuracy of all radiological 
procedures [65]. Images with a high quality have been recorded without artefacts, 
include the area of interest in the field of view (FOV) and have a high SNR. Since 
some noise is always present, it is important to increase the signal in order to 
minimize the effect of the noise [37].  

Artefacts directly related to motion are frequently seen during CMR 
examinations, since breath holding is difficult and ECG-triggering challenging 
when the heartbeat is irregular [52, 66]. In MRI, physical constraints require 
compromises. As an example, signal intensity depends on the size of the image 
voxel. Consequently, when resolution increases, signal and SNR will decrease. 
Single-shot sequences sample the entire image during one heartbeat [67]. Those 
sequences are less sensitive to motion artefacts, but fast acquisition will always 
pay a price in terms of a lower SNR due to physical constraints [37]. It is debated 
whether single-shot sequences provide sufficient image quality to allow 
diagnostic evaluation.  

One source of motion artefacts is restlessness due to anxiety. Törnqvist et al. 
found that written information had a positive impact on image quality [68]. We 
hypothesized this could be interesting to study in patients undergoing a 
demanding examination such as CMR. 

In perfusion imaging, the dark rim artefact creates difficulties in the 
interpretation of perfusion reduction. It is recognized as a dark subendocardial 
band which sometimes can be mistaken for ischemia. Different theories have 
been invoked to explain the mechanism behind this important artefact, among 
them Gibb´s ringing [69], signal variation during measurement [70], cardiac 
motion [71] and susceptibility from contrast enhancement [72]. Myocardial 
perfusion can be investigated with different kinds of sequences, but consensus is 
lacking on which to prefer [73, 74]. All have drawbacks, such as artefacts, low 
SNR or not being fast enough. 

The quality of CMR images can be assessed qualitatively and quantitatively [65]. 
Cine SSFP images, LGE images and perfusion images are evaluated separately 
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based on the knowledge about the different sequences’ most common artefacts. 

Several rating scales can be used for quality criteria, such as the presence of wrap 
around, respiratory ghosting, the precision of the delineation of non-infarcted 
and infarcted myocardium, the occurrence of artefacts and an overall evaluation 
of the image quality of the left ventricle, In addition, the quantitative parameters 
SI, SNR and CNR can be used [65, 75]. 

Single photon emission computed tomography  

Myocardial Perfusion SPECT 

Single photon emission computed tomography (SPECT) of the heart is frequently 
called myocardial perfusion SPECT (MPS). MPS is non-invasive and has a 
sensitivity of 70%-80% and specificity of 60%-90 % for the detection of coronary 
artery disease [22, 76]. A homogeneous myocardial uptake indicates normal 
myocardium [22, 77]. When MPS is performed with ECG-gating, evaluation of 
heart function in terms of volume and ejection fraction is possible [78]. Assessing 
wall motion also helps in the discrimination between artefacts and true perfusion 
deficits [76]. 

Tracers 

Gamma-emitting radionuclide tracers are injected in the patient. For MPS 
imaging, thallium-201 (201TI) or technetium-99m (99mTc) can be used [22, 25]. 

About 4% of the injected activity of 201TI is taken up in the myocardium. 
Thallium-201 is taken up by the myocytes, depending on a functioning 
sodium/potassium ATPase sarcolemmal membrane transport pump [79, 80]. It 
redistributes, thus allowing redistribution images to be acquired. In those 
images, regions of ischemic but viable myocardium will have the same uptake as 
normal myocardium. Areas with non-viable myocardium, that initially showed 
reduced uptake, will remain unchanged. The presence of redistribution allows the 
examination to be performed as a stress-rest study with one single injection. A 
major limitation for 201TI is the long half-life (73 hours), which gives the patient a 
relatively high absorbed radiation dose [22].  

In Europe, 99mTc is the most commonly used tracer. In order for 99mTc to be 
detected in the heart, it has to be bound to a tracer molecule, either sestamibi or 
tetrofosmin. 99mTc has a rather short halflife of six hours, which reduces radiation 
exposure compared to thallium, but still allows imaging to be performed. About 
1.2 % of the dose is taken up by the myocardium [81]. Redistribution is low and 
for detection of viable/non-viable myocardium, stress-rest studies with separate 
injections have to be performed [22]. In order to reduce the radiation dose given 
to the patient, the rest part of the study is frequently omitted when the stress 
study is completely normal. In such a situation, a study at rest will not contribute 
to the final diagnosis. 
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Gamma camera 

For imaging, a gamma camera is used. In a gamma camera the gamma or x-ray 
photons from the radio nuclide interact with a sodium-iodine crystal. When the 
photon interacts with the crystal a light photon is emitted, proportional to the 
incoming photon energy. This energy is for 201TI 68-80 keV and for 99mTc 140keV. 
The light is registered and converted to electrical signals, also proportional to the 
photon energy, by an array of photomultiplier tubes (PMT). The PMT localizes 
where the photons hit the crystal and an image that projects the distribution of 
the tracer in an object can be acquired [82, 83]. 

To obtain an image of high quality and high resolution, a collimator consisting of 
a thick sheet of lead with thousands of tiny holes is used. These allow only 
photons parallel to the collimator holes to reach the crystal. The sensitivity and 
the resolution of the images depend on the diameter of the holes and the 
thickness of the septa and the collimator. For each photon the energy is measured 
and only photons within the selected energy interval (energy window) is 
accepted. In this way, scattered photons are removed and only photons within the 
energy window contribute to the images [82, 83]. 

Examination 

If patients are able to exercise to a high workload, which is usually defined as ≥ 

85% of the age predicted maximum heart rate, European guidelines support 
dynamic exercise as the choice of stressor and the radiopharmaceutical is injected 
close to the peak exercise [81]. In patients who cannot exercise to the 85% peak 
heart rate limit or who are unable to exercise for other reasons, a 
pharmacological stressor is used. Adenosine (140 µg min/kg body weight) is 
infused over 6 min and the radiopharmaceutical is injected after three min [81]. 
Regadenoson (400µg) is injected over 10 sec and the radiopharmaceutical 10 sec 
later [84]. 

After the injection of 201TI patients wait for 5-10 minutes before scanning, which 
should be completed within 30 min. When 99mTc is used, imaging should begin 
within 30-60 min after the injection. If the study is found to be normal, there is 
no need to acquire perfusion images at rest. During scanning the patient is mostly 
in supine position with arms elevated. An ECG is applied for gating [25]. 

MPS is not known to induce anxiety, but very little is known about what patients 
experience while undergoing this examination [1, 85]. 

Well-being in the context of MRI 
As many other radiologic examinations, MRI requires the full cooperation of the 
patient. MRI examinations are non-invasive and painless, but can nevertheless be 
demanding for the patient. In a radiographer survey, 72% stated that it was 
common that patients expressed anxiety at their MRI center [86]. During the 
exam, the patient is positioned in the scanner which is shaped as a tunnel in 
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order to produce the best homogeneity of the magnetic field. The examined body 
part has to be positioned in the iso-centre of the scanner where the magnetic field 
has the best homogeneity [37]. The narrow tunnel is known to create problems 
such as nervousness, anxiety, claustrophobic feelings and uncontrolled panic in 
some patients [1, 87-92]. The experience of claustrophobic feelings during the 
MRI examination may later be generalized to other enclosed situations [90]. Due 
to the stressful situation, 25%-30% of patients complain about anxiety  [88, 90], 
and up to 15% of all patients experience such a high level of anxiety that 
pharmacological sedation is necessary to conclude a successful examination [87].  

During the examination a loud noise is heard, caused by vibrations of the 
gradient coils. To protect patient hearing, ear muffs that enable instruction and 
communication between the staff and the patient via intercom are used [37]. The 
loud noise, an experience of losing control, and the duration of the examination 
contribute to the feeling of anxiety [93, 94], as well as fear of pain, the “unknown” 
and worry about the result [88, 95]. In addition to the circumstances mentioned 
above, CMR examinations are time-consuming and may last for 45-60 min. The 
patient needs to remain in position on the scanner table for the entire 
examination and participate in breath holding up to 50-60 times [45]. 

Severe anxiety during MRI examinations may cause patient motion, resulting in 
motion artefacts [68] that decrease the diagnostic value. Studies have tried to 
predict patient reactions during examination [87, 96], but very few have asked 
the patients about their experience [94]. Even if manufactures have tried to 
improve the scanning environment, e.g., by increasing the diameter and 
shortening the length of the tunnel [87, 97], problems still remain and need 
attention [86, 94, 98].  

Anxiety 

Anxiety is an emotion characterized by feelings of tension, worried thoughts and 
physical changes [99]. Barlow has described the central experience of anxiety as a 
sense of uncontrollability, largely focusing on future threats, danger, or upcoming 
potentially negative events. It can be characterized as a state of helplessness, 
because of a perceived inability to control desired results or outcomes in certain 
personally salient situations or contexts [100]. This feeling of uncontrollability 
can act as a mediator between negative events in life and anxiety [100]. This is 
very much like the situation patients are in. They do not know what will happen 
to them, questions can arise, such as: am I ill, what will happen, what kind of 
examinations are required, will the staff treat me well, what will the result be, is it 
serious? Their future is in a way out of control.  

Some medical conditions are known to be associated with anxiety, like CAD. 
Anxiety itself increases the risk for CAD [101] and manifest CAD increases the 
risk of anxiety [102]. Anxiety can also be experienced in situations representing 
earlier trauma in life, for example being locked in. The patients try to cope with 
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previous trauma but have a chronic inability to do so [100]. “Locked in” is a 

common feeling during MRI examinations.  

Spielberger separated anxiety into two parts: trait anxiety as a chronic personal 
characteristic and state anxiety as an emotional condition varying from day to 
day. People with high trait anxiety more often experience higher state anxiety 
[103]. Even if the correlation between state and trait anxiety is high [104], there is 
a difference. People without anxiety in ordinary life can feel anxiety in situations 
when they experience a threat [103].  

Anxiety disorders are among the most prevalent psychiatric disorders. The 12- 
month prevalence for men is 7.8% and for women 16.3 % [105]. The burden is 
heavy, both for the individual and for society. Symptoms of anxiety can at times 
be mild, with an onset associated with stressful situations in life and improving 
without specific treatment [106], to a full-blown chronic disabling disease. 
Several instruments are used to measure anxiety, for example: Competitive State 
Anxiety Inventory (CSAI) [107], Spielberger State and Trait Anxiety Inventory 
(STAI-S and STAI-T) [103], and the Hospital Anxiety and Depression scale 
(HAD) [108]. These instruments measure general anxiety, but sometimes we 
want to measure what Spielberg refers to as “state anxiety”, e. g., when being in 

an MRI scanner. This situation is known to be anxiety ridden [1, 87-92] for some 
patients, but instruments that measure the experience and feelings during 
examinations are lacking. 

How to psychologically prepare the patient for the MRI study  

Information about the scanning procedure tries to avoid or reduce stress and 
anxiety during the examination [6, 109]. Prior to a scan, many, but not all, 
patients feel a need for extended information [1]. In a previous study, 71% wanted 
additional information about their examination [109]. Information requested by 
patients before MRI concerned the narrow environment, the loud noise and the 
duration of the examination, which is substantially longer than other radiological 
examinations [95]. There is a relation between the patient’s understanding and 

compliance, where well-informed patients follow instructions better [7]. There is 
also a positive correlation between information given and patient satisfaction [7, 
110]. In this situation, the way information is given and received is crucial. All 
patients do not understand the purpose of information since they may have 
difficulties understanding and remembering [7, 111]. Guidelines cannot foresee 
all situations in which communication is necessary. To improve patient 
understanding, information has to be easy to understand by using simple 
language without medical terminology [7, 112]. Information is important and the 
experience of undergoing a high-technology imaging procedure produces a 
unique experience for each patient. Myths and stories can have a negative effect 
[113, 114], and bad experiences can have a negative effect on future examinations 
[115].  



Background 

 20 

Some studies have evaluated the use of extended information and support during 
MRI examinations. Detailed information by a radiologist (10 min) or psychologist 
(45 min) before examination resulted in less anxiety compared to patients who 
received standard information [116, 117]. Extended written information has 
shown various results in patients undergoing MRI, with both significantly lower 
anxiety in the group who received designed instructions before MRI compared 
with the one who received standard information [110], but also no difference 
[68]. Even if no difference was detected between groups in the feeling of anxiety, 
there was less motion artefact in the images of the patients in the experimental 
group [68]. One study suggest that the effect of oral information can be detected 
in the plasma levels of cortisol and prolactin as well as the level of anxiety 
measured with questionnaires [98]. 

Video information has been used pre-surgery to reduce preoperative anxiety and 
postoperative morbidity with positive results. Lower anxiety levels have been 
measured in patients who received video information compared with control 
groups [118-120]. Some patients benefited from a lower level of anxiety up to one 
year after bypass surgery [120].  Even cortisol excretion was found to be lower in 
the experimental group after video information, compared with the control group 
in patients undergoing hip replacement surgery [118].  

It is known that MRI can cause intense anxiety in some patients [1, 87-92]. 
Extended written information has not shown univocal results. Video information 
before surgery has resulted in decreased anxiety. An important question to 
answer is if the use of video information could contribute to a better experience 
for this group of patients. 

Rationale 
Cardiovascular disease is the most common cause of death in Europe [4]. With a 
growing and ageing population, and an increasing prevalence of obesity and 
diabetes, the number of patients with cardiovascular disease is expected to 
increase further [121]. For an optimal result of medical treatment, early diagnosis 
is of great importance. In addition to patient history, various imaging methods 
such as CMR can be used for diagnosing symptoms, as well as for screening those 
with a high cardiovascular risk. With an increasing number of patients, there is a 
risk that the time given to each patient decreases. Still, the patients have to be 
treated and examined in an optimal way. They have to be well informed which 
gives them the possibility to know what is expected of them and how to 
cooperate. During examination, the correct sequences have to be chosen based on 
the patient’s possibilities, in order to optimize the diagnostic properties. These 

sequences have to be evaluated and one way to overcome the need for 
experienced readers is to use quantitative evaluations when possible.
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AIMS 

 

The overarching aim of this thesis was  

 to evaluate image quality in cardiac MRI with respect to the sequences 
employed and the influence of  atrial fibrillation,  myocardial perfusion 
and the impact of patient information on measured anxiety. 

 to study patients in relation to magnetic resonance imaging with the 
goal of improving their care 

 

The specific aims of the studies were as follows 

Paper I 

 to assess differences in image quality and estimated infarct size 
between two MRI scar sequences IR-FGRE (segmented) and SS-SSFP 
(single-shot), in patients with chronic myocardial infarction and 
difficult-to-image permanent atrial fibrillation.  

Paper II 

 to study two CMR first-pass perfusion sequences, GRE-EPI (gradient 
echo-echo planar imaging) and SSFP (steady state free precession) in 
terms of image quality and final diagnosis, with the result from the 
MPS stress study as reference.  

Paper III 

 to develop and validate a new instrument measuring patient anxiety 
during Magnetic Resonance Imaging examinations, MRI-AQ 
(Magnetic Resonance Imaging-Anxiety Questionnaire). 

Paper IV 

 to evaluate the effect of video information given before CMR on 
patient anxiety. 

 to study patient experience of CMR and MPS. 

 to evaluate the effect of extended video information on image quality. 
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METHODS 

Design 
This thesis is based on four publications (I-IV), designed as experimental cross-
over (I), experimental controlled clinical trial (II), psychometric cross-sectional 
(III) and prospective intervention (IV) see table 1. 

Participants 
This thesis consists of four independent data collections with four different 
samples of participants and collection times (Table 1). The participants were ≥ 18 

years and had primarily cardiac problems except for those referred for MRI of the 
spine in study III. For inclusion and exclusion criteria in the different studies see 
table 1. There was no recruitment from the general population. 

Study I 

Twenty patients, mean age 75 years, with permanent atrial fibrillation and 
pathological Q-waves on the resting ECG were identified at two medical clinics 
(Table 1). Additional inclusion criteria were myocardial infarction verified with 
chest pain, typical serial ECG changes and/or elevated levels of either Troponin T 
or creatinine kinase MB in at least two blood samples during hospitalization no 
later than 6 weeks prior to the CMR examination. During the CMR examinations 
all were in atrial fibrillation. No patients were excluded due to technical failure or 
poor image quality. 

Study II 

Sixty patients, mean age 64 years, referred for MPS for myocardial ischemia were 
included in the study which was collected in two cohorts, separated by time. The 
ages were similar, but the relative number of men and women differed with 43% 
and 33% females in the two groups respectively. Thirty patients were investigated 
with a steady-state free precession (SSFP) sequence and 30 patients were 
investigated with a gradient echo-echo planar imaging (GRE-EPI) sequence 
(Table 1). Of the 67 patients originally included one was excluded due to lack of 
two venous access lines. Four were excluded because of claustrophobic feelings, 
one for technical reasons and one patient because of arrhythmia.  

Study III 

Two-hundred and forty-seven patients, mean age 55, referred for MRI of either 
the spine (n=193) or the heart (n=54) were included in the study. Their ages were 
similar, but the gender distribution differed, with 63% women in the spine group 
and 46% women in the heart group.   
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Eight-hundred and eighty-one patients were asked to participate. Of those, 781 
were referred for MRI of the spine and 100 for MRI of the heart. Two hundred 
and forty-seven patients (28%) accepted to participate and answered the 
questionnaires. In the spine-group the participation rate was 24% and in the 
heart-group 54% (Table 1). 

Study IV 

One-hundred and forty-eight patients, mean age 55 years, from the waiting list 
referred for either CMR (n=97) or MPS (n=51) were included in the study.  Of the 
214 patients who were invited to participate, 150 patients accepted, two were 
prematurely interrupting the examination (one in each CMR group), giving a 
response rate of 69%. Patients who underwent CMR were randomized to either 
the intervention (CMR-video n=49) or the control group (CMR-standard n=48). 
The MPS (n=51) patients were older, mean 64.5 years, than those referred for 
CMR-standard, mean 49.4 years (p=<0.001). The distribution of gender differed: 
CMR-standard had 54% female, CMR-video 29% and MPS 27%. The differences 
were statistically significant, with CMR-standard/CMR-video (p=0.009) and 
CMR-standard/MPS (p=0.008) (Table 1). 

 

 
  



M
et

h
o

d
s 

 
 

 T
a

b
le

 1
. 

 

O
ve

rv
ie

w
 o

f t
he

 s
el

ec
ti

on
 o

f p
at

ie
nt

s 
an

d 
m

et
ho

ds
 

 
St

ud
y 

I 
(n

=
20

) 
St

ud
y 

II
 

(n
=

60
) 

St
ud

y 
II

I 
(n

=
24

7)
 

St
ud

y 
IV

 
(n

=
14

8)
 

St
ud

y 
de

si
gn

 
E

xp
er

im
en

ta
l, 

cr
os

s-
ov

er
. 

E
xp

er
im

en
ta

l, 
co

nt
ro

lle
d 

cl
in

ic
al

 tr
ia

l. 

Ps
yc

ho
m

et
ri

c 
cr

os
s-

se
ct

io
na

l s
tu

dy
 w

it
h 

te
st

-
re

te
st

. 
Pr

os
pe

ct
iv

e 
in

te
rv

en
ti

on
. 

In
cl

us
io

n 
 

cr
it

er
ia

 

M
yo

ca
rd

ia
l 

in
fa

rc
ti

on
 a

nd
 a

tr
ia

l 
fib

ri
lla

ti
on

. 
Pa

ti
en

ts
 r

ef
er

re
d 

fo
r 

M
PS

. 
Pa

ti
en

ts
 r

ef
er

re
d 

fo
r 

M
R

I 
of

 
th

e 
sp

in
e 

or
 th

e 
he

ar
t. 

Pa
ti

en
ts

 r
ef

er
re

d 
fo

r 
C

M
R

 o
r 

M
PS

 
pe

rf
or

m
ed

 a
t r

es
t. 

In
 a

ll 
C

M
R

 
ex

am
in

at
io

ns
 G

d 
w

as
 u

se
d.

 

E
xc

lu
si

on
  

cr
it

er
ia

 
 

C
on

tr
ai

nd
ic

at
io

n 
ad

en
os

in
e.

 
 

Ph
ys

ic
al

 d
is

a-
 

bi
lit

ie
s 

af
fe

ct
in

g 
 a

nx
ie

ty
 

 

 
E

xc
lu

de
d 

w
er

e 
al

so
 p

at
ie

nt
s 

w
it

h 
co

nt
ra

in
di

ca
ti

on
s 

fo
r 

M
R

I 
an

d 
if 

G
d 

us
ed

, G
F

R
 ≤

3
0

.  
Pa

ti
en

ts
 w

ho
 w

er
e 

w
hi

te
ou

t a
bi

lit
y 

to
 c

om
m

un
ic

at
e 

or
 c

ou
ld

 n
ot

 s
pe

ak
 a

nd
 r

ea
d 

Sw
ed

is
h 

w
er

e 
ex

cl
ud

ed
. 

A
ge

 in
 y

ea
rs

a)
 

75
 ±

6 
60

±
9.

3 
64

±
10

.3
 

55
±

13
.9

 
53

±
15

.7
 

49
.3

±
15

.3
 

44
.9

±
14

.4
 

64
±

8.
9 

G
en

de
r 

w
om

en
/m

en
b)

 
0/

20
 

13
/1

7 
10

/2
0 

12
1/

72
 

25
/2

9 
14

/3
5 

26
/2

2 
14

/3
7 

N
um

be
r 

20
 

30
 

30
 

19
3 

54
 

49
 

48
 

51
 

E
xa

m
in

at
io

n 
C

M
R

 w
it

h 
IR

-F
G

R
E

 a
nd

  
SS

- S
SF

P 
M

PS
 /

SS
FP

 
M

PS
/G

R
E

-E
PI

 
sp

in
e-

M
R

I 
ca

rd
ia

c-
M

R
I 

C
M

R
 

C
M

R
 

M
PS

 

In
te

rv
en

ti
on

 
 

 
 

 
 

C
M

R
-

vi
de

o 
C

M
R

-
st

an
da

rd
 

 

Ye
ar

 c
ol

le
ct

ed
 

20
04

-2
00

9 
20

08
-2

00
9 

20
09

-2
01

1 
20

12
-2

01
4 

20
15

-2
01

6 
a)

M
ea

n 
±

 S
D

. b
)  n

um
be

r.
 C

M
R

-s
ta

nd
ar

d=
 c

ar
di

ov
as

cu
la

r 
m

ag
ne

ti
c 

re
so

na
nc

e 
im

ag
in

g 
w

it
h 

st
an

da
rd

 te
xt

-i
nf

or
m

at
io

n.
 C

M
R

-v
id

eo
=

 c
ar

di
ov

as
cu

la
r 

m
ag

ne
ti

c 
re

so
na

nc
e 

im
ag

in
g 

w
it

h 
vi

de
o 

in
fo

rm
at

io
n 

in
 a

dd
it

io
n 

to
 s

ta
nd

ar
d 

in
fo

rm
at

io
n.

 M
PS

=
m

yo
ca

rd
ia

l p
er

fu
si

on
 S

PE
C

T 
w

it
h 

st
an

da
rd

 in
fo

rm
at

io
n.

 
G

d=
G

ad
ol

in
iu

m
 c

on
tr

as
t m

ed
ia

, G
FR

=
G

lo
m

er
ul

us
 F

ilt
ra

ti
on

 R
at

e.
 

25



Methods 

 26 

Data Collection 

MRI (I&II) 

Two scanner types were used: Siemens Magnetom Symphony and Siemens 
Magnetom Avanto, both operating at 1.5 T field strength and manufactured by 
Siemens Healthcare, Erlangen, Germany. 

The patients were examined in supine position. ECG was used to monitor heart 
rate and rhythm and for triggering. All patients had a percutaneous vein catheter 
for contrast injection and in study II they had an additional catheter in the 
opposite arm for the injection of adenosine. For signal detection a body matrix 
coil, consisting of several independent coils, was positioned over the patient’s 

chest. This was used in connection with the spine matrix coils.  

Before examination all patients were asked about their age, gender, previous 
percutaneous coronary intervention (PCI), coronary artery bypass graft (CABG) 
surgery, and medications. 

Study I 

Cine images were acquired, using a SSFP sequence, in the apical longaxis, (the 
two-, three- and four-chamber views) and in short axis view covering the left 
ventricle (LV). For LGE two sequences were used: the single shot SSFP (SS-SSFP) 
and the segmented inversion recovery-fast gradient echo (IR-FGRE) sequences. 
For technical data see table 2. Both LGE sequences were positioned in the same 
planes as the cine images. LGE images were recorded ten minutes after the 
injection with 0.2 mmol Gd/kg bodyweight [59], Gadopentate dimeglumine 0.5 
mmol/ml (Magnevist, Schering Nordiska AB, Järfälla, Sweden). Images were 
acquired in end diastole. The SS-SSFP sequence was acquired at the end of 
expiration and breath holding was not necessary. Both sequences were recorded 
in all patients. In every other patient the SS-SSFP sequence was acquired first. 

 

 

Table 2. Parameters used in Study I. 

 Cine SS-SSFP IR-FGRE 

TR 43 ms 10.8 ms 12 ms 

TE 1.3 ms 1.26 ms 5.4 ms 

FA 72
◦
 50

◦
 30

◦
 

BW 930Hz 1180 Hz 140 Hz 

Slice 8 mm 8 mm 8 mm 

Matrix 192 x 156 192 x 108 256 x 160 

Repetition Time = TR, Echo Time = TE, Flip Angle = 
FA, Band Width = BW. 
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Study II 

Blood pressure was measured before the examination for baseline reference. For 
stress perfusion adenosine (140 µg min/kg body weight) was infused after the 
patients had abstained from caffeine for 24 h [122]. During adenosine infusion 
patients were placed outside the scanner for observation. After three min 
adenosine infusion, the radiotracer, 99mTc tetrofosmin, was given (for the MPS 
study), followed by 8 ml Gd, Gadopentate dimeglumine 0.5 mmol/ml (Magnevist; 
Bayer Schering Pharma, Berlin, Germany) at a rate of 4 ml/sec. Under contrast 
injection three perfusion short axis images, positioned at the base, mid and apex 
of the LV, were recorded, while the adenosine infusion was running. Thirty of the 
60 participants were examined with a SSFP sequence and 30 with a GRE-EPI 
sequence, and the result was compared with MPS as reference. Technical data are 
given in table 3. Ten min after stress, perfusion at rest was recorded using the 
same parameters as for stress. For LGE images a third injection was given aiming 
at a total dose of 0.2 mmol/ kg bodyweight [59] (max dose 30 ml). Cine images 
were acquired immediately after contrast injection followed by LGE images 
approximately 15 minutes after contrast. MPS was performed about 60 min after 
the injection of the radiotracer.  
 

 
Table 3. Parameters used in Study II 

 SSFP GRE-EPI 

TR 172.7 ms 146.95 ms 

TE 1.11 ms 1.26 ms 

FA 40
◦
 20

◦
 

BW 1359 Hz 1628 Hz 

Slice 8 mm 8 mm 

Matrix 60 x 160 102 x 128 

Repetition Time = TR, Echo Time = TE, Flip Angle = FA, 
Band Width = BW. 

 

MRI analysis (I&II) 

Study I 

The short axis stack of cine images was segmented in diastole and systole and LV 
volumes were measured. Infarct size was measured on the LGE short axis images 
where the papillary muscles were included in the LV size/infarction if they were 
attached to the myocardium at the particular site.  

Visual assessment of the LGE image quality was performed in terms of the 
delineation of non-infarcted and infarcted myocardium and the presence of 
motion and other artefacts. Finally, an overall quality score of the left ventricle 
was assigned. All aspects were evaluated on a five point rating scale with five 
being the highest score [75]. The rating scale corresponded to the following 
verbal expressions: “very good”, “good”, “moderate”, “poor” or “very poor”. 
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Cine images, in short axis view, were evaluated visually in two aspects, one 
regarding the occurrence of artefacts and the other was an overall evaluation of 
blurring from irregular displacement of the LV wall. The same five-point rating 
scale was used with 5 being the highest rating. The quality of the LGE and cine 
images was evaluated by two observers and averaged. Both observers were 
blinded to which LGE sequence had been used. 

SI, SNR and CNR were determined on images from the LGE sequences, SS-SSFP 
and IR-FGRE. To calculate SI, regions of interest (ROI) were placed in normal 
(myo) and infarcted myocardium (inf). A ROI of at least 300 mm2 was used in the 
blood pool. Noise was defined as the standard deviation (SD) of the SI measured 
in the air outside the patient. The SNR was calculated by dividing SI by the noise. 
The CNR value for the infarcted myocardium compared with the normal 
myocardium was calculated as (SIinf-SImyo)/noise. The CNR value for infarcted 
myocardium compared with the blood in the ventricle was (SIinf-SI blood)/noise. 

Study II  

The perfusion studies were evaluated qualitatively and semi-quantitatively. A 
qualitative, visual evaluation was done to assess if there was a delay in the wash-
in of contrast medium. If there was a delay at stress but not in the rest images, 
ischemia was deemed to be the likely cause. If the delay was four beats or less and 
affected a shallow depth of the LV wall, an artefact was considered to be the cause 
[123]. Diagnostic confidence was rated on a four-point scale: (1) normal with high 
confidence, (2) normal with low confidence, (3) pathologic with low confidence 
and (4) pathologic with high confidence [124]. A qualitative evaluation of first-
pass perfusion was performed by an experienced reader of CMR who was blinded 
to the MPS result. LGE was used to identify scar areas. An LGE-positive segment 
was always considered pathologic [125, 126] (Figure 2). 

A semi-quantitative analysis was performed to measure the slope of the signal 
increase in the myocardium during contrast injection using “Argus dynamic 

signal” from Siemens Healthcare. The three slices were automatically divided into 

6 segments each (a total of 18 segments). The epicardium and the endocardium 
were manually outlined, excluding high signal from blood pool and from 
epicardial fat surrounding the LV. The slope (wash-in curve) of the inflow signal 
was calculated between the foot and the peak of the signal intensity curve (Figure 
3).  
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Figure 2. Composite image of two patient studies with ischemia and myocardial scar, 
SSFP in 1 (upper row) and GRE-EPI in 2 (lower row). Perfusion with SSFP-sequence 
(1a), anteroseptal scar visualized with LGE-sequence (1b), corresponding MPS image (1c) 
and contrast wash-in curves (1d). The bloodpool curve was annotated red, a pathologic 
segment blue and a normal segment green. In the lower row, perfusion is depicted with 
the GRE-EPI sequence (2a), an inferoseptal scar in 2b, MPS image 2c and wash-in curves 
2d, with annotation of the curves in 2d as in 1d. Segment numbers according to SCMR. 
Scar is indicated by thin arrows and ischemia by thick arrows. In wash-in curves, MRI 
contrast signal intensity is depicted on the y-axis and time (sec) on the x-axis.  

 

 

Figure 3. Endocardial and epicardial segmentation (left). Wash-in curves for the blood 
pool and the 6 segments in one slice (right). 

 

SNR and CNR were calculated in the anterior segment of the basal LV when 
healthy and in all segments with ischemia, before (lowest signal) and after 
(highest peak signal) contrast injection. Noise was the SD of SI from air outside 
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the patient. SNR was calculated as SI/noise. CNR was calculated for the contrast 
enhanced myocardium during perfusion as signal intensity difference divided 
with noise (SIMyocard perfusion- SIMyocard baseline)/noise. 

MPS (II)  

MPS imaging was started 60 minutes after the injection of the radiotracer, 5.7 
MBq 99mTc tetrofosmin/kg bodyweight was given i.v. (max 570 MBq ) (Myoview 
TM, GE Healthcare Medi-Physics, Inc, Arlington Heights, IL, USA). A dual-
detector gamma camera (E. Cam; Siemens Medical System Inc, Hoffman Estates 
IL, USA) equipped with a high resolution collimator was used.  Thirty-two views 
were acquired in steps of 2.8 degrees per detector. Acquisition time/angle was 30 
s. and a 19% window was asymmetrically placed (129-155 keV) on the 140keV 
peak. A 64 x 64 matrix was used. 

 

Figure 4. Three schematic images of the heart, during stress (left), at rest (mid) and 
their difference indicating reversibility (right). Stress scores from QPS software, > 2 is 
considered pathological. 

Analysis of MPS (II) 

Non-gated acquisition files were reconstructed using filtered back-projection, 
prefiltered with a Butterworth filter (cut-off 0.8 cm-1, order 10), (Hermes Medical 
Solution, Stockholm, Sweden).  The images were realigned into short axis and 
long axis presentations. The short axis stack was analysed with QGS-QPS 
Quantitative Perfusion SPECT (Cedars-Sinai Medical Centre, Los Angeles, CA, 
USA). Stress perfusion images were divided into 20 segments. The two apical 
segments were excluded since the apical images are not available on the 
perfusion CMR. A stress score was given according to reference standard 
incorporated in the QPS software, being based on segmental differences in signal 
intensity in a reference population. The scores were: (0) normal, (1) probably 
normal, (2) probably diseased and (3 and 4) definitely diseased (Figure 4)  
 

Visual assessment was performed by an experienced nuclear physician, who was 
blinded to the CMR-perfusion result, using both stress and rest images.    
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Measures (III & IV)  

Permission was granted by the publisher to use the CAQ and HAD 
questionnaires. For MRI-FSS and STAI-S, published public versions were used. 

Cardiac Anxiety Questionnaire (CAQ) (IV) 

The CAQ consists of 18 statements divided into three factors assessing heart 
focused anxiety [127]. The factors are fear (eight statements), avoidance, and 
attention (five statements each). The statements are rated on a five-point scale, 
ranging from 0 (“never”) to 4 (“always”), where a higher score indicates more 

intense heart focused anxiety. The total score ranges from 0 to 72. 

Hospital Anxiety and Depression scale (HAD) (III & IV) 

The HAD measures general anxiety and depression [108, 128]. It consists of two 
factors with seven questions about anxiety and seven about depression. Both 
scales are rated on a four-point scale where a higher score indicates a more 
intense level of anxiety and depression. The possible score ranges between 0 and 
21 for each scale 

Magnetic Resonance Imaging Fear Survey Schedule (MRI-FSS) (III & IV)  

The MRI-FSS consists of nine statements from the Fear Survey Schedule [129], 
defined by Lukins et al. [130]. These nine statements deal with fear in situations 
related to MRI examinations and were developed to predict fear during such 
examinations [96]. Patients rate the statements on a seven-point scale ranging 
from “no fear at all” to “terrified”. Higher scores predict more intense level of 

anxiety during the examination. The total score ranges between 9 and 63. 

Spielberger State Anxiety Index (STAI) (III & IV)  

The STAI consists of two separate scales with 20 items each, measuring state 
(situational) and trait (baseline) anxiety [103, 131]. In the present study, only the 
state anxiety scale, which measures the anxiety patients experience at a particular 
moment, was used, denoted STAI-S. Patients rate their feelings on a four-point 
scale ranging from ”not at all“ to ”very much“, with a total score range between 

20 and 80. High scores imply a more intense level of anxiety 

Two study specific questions (III & IV)  

In the single item questions the participants were asked to rate their feeling of 
anxiety and worry during examination. They were rated on visual analogue scale 
ranging from 1=”very good” to 10=”very bad”. 

The staff (III & IV) 

Staff was asked about patient sedation and if the patients entered the tunnel head 
or feet first. They also ranked how they judged patient feelings of anxiety and 
worry during examination. The staff responses were rated on a visual analogue 
scale ranging from 1=”very good” to 10=”very bad”, similar to the scale used by 

the patients. 
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Magnetic Resonance Imaging Anxiety Questionnaire MRI-AQ (IV) 

The MRI-AQ measures anxiety during MRI examinations [132]. It involves 15 
items, divided in two factors. One factor is anxiety, consisting of 12 items and one 
is relaxation, 3 items. The statements are rated on a four-point scale ranging from 
1=“not at all” to 4 =“very much”. The score ranges from 15 to 60, where a higher 

score indicates a higher level of anxiety.  

Information (IV) 

The patients were asked to rate their impression of the information on a  

visual analogue scale ranging from 1=”very good” to 10=”very bad”. 

Development of Magnetic Resonance Imaging-Anxiety Questionnaire 

(MRI-AQ) (III) 

Scale development 

The first step towards creating an instrument with high validity is to ensure that 
the correct questions are asked. With permission from the authors [94], 22 items 
were constructed based on the result of a hermeneutic phenomenological study in 
which 19 patients were interviewed about their experience during MRI 
examinations. The 22 items were discussed by an expert group that decided to 
exclude three items. Two of the excluded questions dealt with patient thoughts 
during the examination. One was unclear in terms of difficult choice of 
statements.  Content validity was evaluated with the help of the content validity 
index (CVI). CVI was rated by a group of seven health care professionals. The 
items were judged on a four-point scale ranging from 1=not relevant, 
2=somewhat relevant, 3=quite relevant and 4=highly relevant. The answers were 
then dichotomized to 0=not relevant and 1=relevant. CVI was evaluated on item 
level (I-CVI): the number of experts who rated an item as relevant was divided by 
the number of experts, and the scale level (CVI-S) calculated as the average 
proportion of items rated as relevant [133].  

After discussion in the expert group, we decided to use a four point rating scale: 1 
=”not at all”, 2=”somewhat”, 3= “moderately” and 4=”very much”. The use of the 
statements can be illustrated by “I wanted to come out” which was rated “1” if the 

patient did not agree and “4” if they did. Reversed items in the instrument had to 

be inverted before calculation, to allow a high score to indicate a higher degree of 
anxiety. 

Psychometric testing  

Patients who participated in the study responded to questionnaires after 
scanning was completed. For the test-retest part, 111 patients answered the 
questionnaire once more, one week after the examination.  

Missing data, score distribution, ceiling and floor effects were evaluated. The 
homogeneity of the scale, which means how each item correlates with the sum of 
the others, was calculated with item–total correlation adjusted for overlap. An r ≥ 

0.30 was defined as an acceptable level [134].  
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To explore underlying structures, an exploratory factor analysis using the 
unweighted least square method was used. Before the factor analysis the 
correlation between the items was evaluated with Bartlett’s test of sphericity 

(X2(153) = 2058.8, p<0.001) and Kaiser-Mayer-Olkin measure of sampling 
adequacy (0.896), indicating a satisfactory correlation between the items. The 
number of factors were selected using the Kaiser criterion >1 [135, 136] and 
confirmed by Horn’s parallel analysis, using 95th percentile and 500 iterations 
[137]. 

Communality values were inspected to evaluate how much of the variance in each 
variable was explained by the extracted factors. Items with low communality 
values (<0.20) and/or factor loadings (<0.40) were excluded. 

Cronbach’s alpha measures the internal consistency, meaning the extent to which 

the items are interrelated. A Cronbach’s α > 0.70 is rated acceptable for 

psychometric scales, > 0.80 good and > 0.90 excellent. If alpha exceeds 0.90 it 
can also be used for individual assessment [135].  

Criterion-related validity was calculated between the instruments MRI-AQ, STAI-
S, MRI-FSS, HAD and the two study-specific single items about experiences and 
worries. Known-group validity evaluates the sensitivity of the new instrument to 
distinguish between different groups of patients. We hypothesized that MRI-AQ 
correlated higher with instruments measuring anxiety than those measuring 
depression and that it could distinguish between patients examining the heart or 
the spine.  

Procedure for the intervention study (IV) 

All CMR studies were performed with contrast injection. All examinations were 
performed at rest, without use of pharmacologic or physical stress.  

The participants responded to questionnaires before the examination and 
immediately after. A one-week follow-up was performed to evaluate the intensity 
of the memory of the experience and anxiety of the examination (Table 4).  
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Table 4. Flow chart study IV 

Appointment 
letter 

Day of examination at the department of  
Radiology and Clinical Physiology At home 

one week 
after the 
examination 

Department 
 

Before 
examinati

on 

Interven- 
tion 

CMR 

Examina
tion 

After 
examination 

       

Together with 
the 

appointment 
letter, 

information 
about the study 
and invitation 
to participate 

Informed 
consent. 

For CMR: 
Randomized: 
intervention 

or control 

History  
CAQ 
HAD 
MRI-FSS 
STAI-S 

Video or 
no video 

CMR or 
MPS 

MRI-AQ 
STAI-S 
Checklist 
information 
Checklist 
personal 

MRI-AQ 
HAD 
CAQ 
MRI-FSS 
 

HAD= Hospital Anxiety and Depression scale, CAQ=Cardiac Anxiety Questionnaire,  
STAI-S = Spielberger State Anxiety Index –State, MRI-FSS =Magnetic Resonance Imaging Fear 
Survey Schedule, MRI-AQ = Magnetic Resonance Imaging- Anxiety Questionnaire 
Checklist information =the participants ranked information on a 10-point scale, Checklist 
personnel= the staff informed about the sedative given and ranked how they perceived the 
patient’s experience and worry throughout the examination. CMR=Cardiovascular Magnetic 
Resonance imaging. MPS=Myocardial Perfusion SPECT. 
 
 

Standard patient information regarding CMR and MPS 

The letter scheduling the appointment included information about the 
examination procedure, CMR or MPS. The text for CMR explained how patients 
are positioned in the MRI-scanner, that they had to be completely immobile for 
parts of the study, and that a loud knocking noise would be heard during the 
examination. The MPS group received standard text-based information about 
having a light breakfast, explaining the injection of an isotope and how 
positioning in the gamma camera would be carried out. All groups received oral 
information throughout the examinations. 

Video or standard information 

If the patient received standard information or video information was based on 
the order in which the patients appeared in the outpatient scheduling list. 
Assigning the type of information was executed as follows: Each patient was 
given a study number. In the order they appeared for scanning, every other 
patient was allocated to either the intervention group receiving video-information 
in addition to standard information (CMR-video), or to the control group which 
received the standard text-based information (CMR-standard) only.  

Intervention 

A five-minute video where an actor plays the role of the patient was produced 
demonstrating the whole procedure of CMR. The video begins with the 
radiographer bringing the patient into the scanner suite, asking about 
contraindications. The video shows patient preparation with the application of 
ECG leads, a percutaneous vein catheter, a surface coil on the chest for imaging, 
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ear muffs and an alarm. The need for immobilization and breath holding is 
repeated. The video ends with the patient leaving the CMR-unit. 

Image quality 

Image quality was evaluated in terms of motion artefacts, which are heavily 
influenced by patient cooperation. Three observers blinded towards the 
information given to the patients rated image quality on cine images of the three 
long axis and all short axis slices. Motion artefact was present if blurring 
(arrhythmia excluded) was seen in at least two slices. In a secondary step, a 
patient was considered to have motion artefact if determined by at least two of 
the observers. 

Statistics  
Descriptive data was used to describe the characteristics of the participants in all 
studies. For parametric data mean (m) ± standard deviation (SD) and percentage 
(%) was used. Nonparametric data was described with median (med) and 
interquartile range (IQR). Student’s t-test was used for evaluation of statistical 
significance of parametric data, Mann Whitney U-test for data on ordinal level 
and Fischer’s exact two tailed test on a nominal level. 

Study I 

Wilcoxon pairwise signed rank test was used for comparison between the SS-
SSFP and the IR-FGE sequences, based on ordinal data. 

Interobserver variability was expressed as standard error of a single 
determination (Smethod) using the formula proposed by Dahlberg [138]. F-test was 
used to compare Smethod (comparison of variance) between the two sequences. 
Kappa was used to evaluate interobserver agreement.  

Since the volumes measured were reasonably normally distributed the difference 
between the two sequences was evaluated with two-sided t-test for paired 
observations.  

A correlation coefficient between the two sequences was calculated regarding 
myocardial volume, infarct volume and infarct extent. 

Study II 

Intraclass correlation was used for evaluation of interobserver variability. 

Descriptive statistics was used for qualitative and quantitative evaluation of 
agreement between SSFP and GRE-EPI respectively and MPS.  

For visual assessment, on a patient level, data was first dichotomized (normal – 
ischemic/scar on CMR and reversible – irreversible on MPS), then cross-
tabulated and Kappa was calculated for agreement between CMR and MPS [139].  

The contrast wash-in slope on stress CMR and MPS stress score was found to be 
skewed (Kolmogrov-Smirnov and Shapiro-Wilk) and was normalized to peak 
before calculation. For each segment the wash-in slope in stress CMR and the 
stress score from MPS was compared using (Analysis Of Variance) ANOVA.  
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Sensitivity and specificity was calculated for the two sequences (SSFP and GRE-
EPI) with MPS as reference.  

Study III 

Mean score and SD were calculated for each item. Frequencies were used to 
describe missing data, score distribution, ceiling and floor effects.  

Homogeneity was evaluated with item-total correlation adjusted for overlap. For 
factor structure, an exploratory factor analysis using unweighted least square was 
performed and confirmed with Horn’s parallel analysis. A hot-deck multiple 
imputation was conducted to replace missing data. Internal consistency was 
evaluated with Cronbach’s alpha. Spearman’s correlation was used for calculation 
of criterion validity. For evaluation of known-group validity unpaired t-test was 
used. Test-retest between day one and two was evaluated with unweighted Kappa 
coefficient. Correlation between the total instrument and the two factors between 
day one and two was evaluated with intraclass correlation and Lin’s concordance 

correlation coefficient. 

Study IV 

Pre- and post- examination data was evaluated with Wilcoxon signed-rank test. 
Spearman’s rank correlation coefficient (rs) was used for correlation between 
questionnaires. Analysis of covariance was used to adjust for age in the 
comparison of anxiety between the two groups CMR and MPS and for adjustment 
of gender between the groups CMR-standard and CMR-video. Significance was 
evaluated with the Tukey test. The calculation of sample size was based on the 
prevalence of anxiety in patients undergoing MRI examinations in previous 
research [110]. Based on an expected effect size of 40%, an alpha set at 0.05 and a 
power of 0.80, a sample size of 50 participants in each study group was required. 

 

Significance was set to p < 0.05.  

 

All data in the thesis was analysed with  

 SPSS 13.0 (SPSS Inc. Chicago, IL, USA).  

 Statistica version 10 (Statsoft Inc. Tulsa, OK, USA).  

 MedCalc (MedCalc Software, Mariakerke, Belgium). 

 Factor 10.3 (Rovira i Virgili University, Tarrgona, Spain). 

 

 

 



Methods 

 37 

Ethical considerations 
All studies followed the Declaration of Helsinki [140], the principles of Good 
Clinical Practice [141] and the four principles regarding autonomy, beneficence, 
non-maleficence and justice [142]. The Medical Research Ethics committee at 
Linköping University (paper I) and the Regional Ethical Review Board in 
Linköping (paper II, III and IV) Sweden (registration no. 05-04, M 169-07 and 
2012/279-31) approved the studies. 

Autonomy 

In order to respect their autonomy, all participants were given written and oral 
information about the study procedure and gave informed consent in accordance 
with Swedish law [143]. They were informed that their participation was 
voluntary and that they could withdraw from the study at any time without 
negative effects on their contact with the healthcare provider. Patients who chose 
not to participate were respected without asking for explanations [142].  

All participants were patients and some of them had met the project leaders in 
their role as health care professionals. Since patients are in a dependent position, 
they may feel forced to participate. To avoid unintended coercion, it is of utmost 
importance to be perceptive and show respect for expressed wishes not to 
participate [142, 144, 145].  

Beneficence, non-maleficence 

In scientific studies including people, potential risks for negative effects for 
participants need to be outweighed by the benefits the study has for the 
population [145]. Negative effects also have to be minimized and the participants 
have to be offered the best treatment available. All participants were given 
contact phone numbers that could be used at any time.  

For patients in study I and II a potential risk of incidental findings had to be 
adressed. In such a case a clinical report was sent to the treating physician and 
the patients could thereby receive early treatment. For LGE imaging and 
perfusion studies Gd-contrast was injected. The contrast media is known to 
increase the risk for nephrogenic systemic fibrosis (NSF) in patients with renal 
failure. To avoid this potentially severe complication, renal failure was a 
contraindication for participation in the study. There was also a possibility that 
participants could react with anxiety in the scanner. In such a situation, the 
patient was offered light sedation with bensodiazepines or they could choose to 
withdraw from the study. 

For participants in study III and IV there was a risk for emotional reactions, e.g. 
patients who had not considered the examination to be problematic could react 
with a feeling of anxiousness, just because they answered questionnaires about 
anxiety. 
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Justice 

During the inclusion period all patients who fulfilled the inclusion criteria were 
asked to participate. When contrast media was used patients with GRF≤30 were 
excluded due to the risk for adverse side effects [40, 41].  

We do not consider that participation in any of the studies could have caused any 
serious negative consequences for the subjects included. Rather they received 
more investigations, information, attention and assessment. 
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RESULT 

In patients with ongoing atrial fibrillation, a 
SS-SSFP sequence showed better image quality 
than IR-FGRE (I) 

Image quality 

Twenty patients with atrial fibrillation and a previous myocardial infarction were 
investigated with the two sequences. Motion artefacts due to arrhythmia were 
shown to strongly and negatively affect image quality. Even though single shot 
images have lower spatial resolution, the SS-SSFP sequence displayed 
significantly better quality than the standard segmented IR-FGRE sequence in all 
four aspects evaluated: the delineation of non-infarcted and infarcted 
myocardium, the presence of motion and other artefacts and an overall 
evaluation of image quality of the left ventricle.  

The scores (higher score indicates higher image quality) were as follows (m±SD): 
Non-infarcted myocardium delineation was for IR-FGRE (3.6±0.7) and for SS-
SSFP (3.9±0.4, p=0.37). Infarcted myocardium delineation was for IR-FGRE 
(2.7±0.8) and for SS-SSFP (3.2±0.6, p=0.014) Presence of artefacts was for IR-
FGRE (4.0±0.8) and for SS-SSFP (4.5±0.4, p=0.021). An overall evaluation of the 
left ventricle was for IR-FGRE (3.3±0.7) and SS-SSFP (3.8±0.4 p=0.003) 

Artefacts 

Artefacts were more frequent in cine-CMR (3.5±0.5) than in both LGE-sequences 
(IR-FGRE 4.0±0.8 and SS-SSFP 4.5±0.4). Overall image quality in cine was 
3.8±0.5, in IF-FGRE 3.3±0.7, and in SS-SSFP 3.8±0.4. In cine images artefacts 
were more often seen in the basal than in the mid and apical segments of the left 
ventricle. 

Agreement between the two observers was for IR-FGRE kappa 0.41-0.60 for 
three of the four aspects, which is considered “fair agreement”. For the SS-SSFP 
sequence, kappa statistics showed generally lower agreement. 
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Figure 5. Patient with myocardial infarction and atrial fibrillation. IR-FGRE sequence to 
the left and SS-SSFP to the right. 

Volumes 

When values were averaged between the two observers, myocardial volume was 
7% higher using SS-SSFP (170.7 ml) than IR-FGRE (159.2 ml, r=0.93, p<0.001). 
Scar volume was for IR-FGRE (20.4 ml) and for SS-SSFP (19.3 ml, r=0.84, 
p<0.599). The extent of scar was for IR-FGRE (12.4%) and for SS-SSFP (11.0%, 
r=0.80, p<0.229).  

The methodological error (Smethod according to Dahlberg) displayed no 
difference between the two methods regarding myocardial volume (error for IR-
FGRE was 36.1 ml, and for SS-SSFP 31.3 ml, p=0.730). The error for infarct 
volume was for IR-FGRE 7.4 ml and for SS-SSFP 7.8 ml, p=0.422. Infarct extent 
had an error for IR-FGRE of 3.4% and for SS-SSFP 3.1%, p=0.642. End diastolic 
volume had a larger error with SS-SSFP, 24.5 ml than for IR-FGRE 12.5 ml, 
p=0.003. 

The correlations of wall motion score index (WMSI) on infarct volume were not 
different between the two sequences, and the regression coefficient, (slopes) were 
almost identical (WMSI= 1.27 +0.02 xIR-FGRE inf (%); r=0.52; p=0.02 and 
WMSI= 1.25 + 0.024 x SS-SSFP inf (%);r=0.54; p=0.01. Slope difference 
p>0.09). 

SI, SNR and CNR 

SI was higher in the normal myocardium, infarcted myocardium and in the blood 
pool using SSFP (11.0±3.0, 66.9±32.6 and 42.6±17.0), compared with IR-FGRE 
(8.5±4.2, 44.0±17.2 and 30.8±11.9, p=0.028, <0.001 and <0.001). However, 
SNR was higher in infarcted myocardium and in the blood pool for IR-FGRE 
(32.4±17.1 and 22.6±10.9), compared with SS-SSFP (26.1±13.7 and 16.6±7.3) 
p=0.048 and 0.018). SNR in normal myocardium and CNR in infarcted 
myocardium and in the blood pool displayed no significant difference between 
the two sequences. 

The time required to acquire long and short axis images of the heart was for the 
IR-FGRE sequence 8.8±2.0 min and for SS-SSFP 4.4±1.6 min. 
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For visual and quantitative evaluation of CMR 
stress first-pass perfusion, a GRE-EPI sequence 
demonstrated higher agreement with MPS 
than a SSFP sequence (II) 

Scar and volumes 

In each group examined with either the SSFP (n=30) 0r the GRE-EPI (n=30) 
sequence, 10 of the patients had myocardial scar. For SSFP the scar size of the left 
myocardial volume was (7.40%±9.03) and for GRE-EPI (7.10%±5.51, p=0.92). 
All patients had an increase in heart rate exceeding 10 beats/min after 
administration of adenosine, SSFP from (64±12 to 89±14) and GRE-EPI from 
(63±10 to 83±16), indicating an acceptable pharmacological effect of adenosine. 

Left ventricular end diastolic volume (LVEDV) and left ventricle ejection fraction 
(LVEF) evaluated with cine-CMR were for patients examined with SSFP (145±34 
ml and 58±11%) and for GRE-EPI (161±43 ml and 61±11%, p=0.11 and 0.21). 
Using MPS, LVEDV and LVEF were for patients examined with SSFP (107±43 ml 
and 54±11%) and with GRE-EPI (115±51 ml and 56±11%, p=0.49 and 0.37). The 
data suggests no difference between the two patient samples. 

SI, SNR and CNR 

SSFP is associated with high SI, SNR and CNR [50, 51], which was also displayed 
in the present study. SI, SNR and CNR were significantly higher for SSFP than for 
EPI-GRE in both normal and infarcted myocardium.  

For normal segments at peak gadolinium, SI was for SSFP and GRE-EPI 
67.72±6.40 and 39.43±16.86 (p=0.007). SNR for normal segments was 
35.63±11.80 and 17.98±8.31 (p=0.017), and CNR for normal segments was 
28.79±10.43 and 13.06±7.61 (p=0.018).  

For definite ischemic segments (rated 3 and 4), SI for SSFP and GRE-EPI was 
62.10±18.35 and 34.72±18.81 (p=0.030). SNR for ischemic segments was 
32.31±13.31 and 15.71±7.87 (p=0.030), and CNR for ischemic segments was for 
both sequences 25.18±12.48 and 10.41±7.66 (p=0.039). 

SI, SNR and CNR showed statistically significant differences between the two 
sequences on a per patient level, but there was no difference between normal and 
ischemic segments. 

Visual assessment 

MPS showed signs of coronary artery disease, either scar or ischemia, in 20 
patients. Reversible ischemia was found in 13 of these patients. Corresponding 
numbers for the two CMR sequences were 29 and 22. With MPS as reference, the 
sensitivity for detection of pathology was for SSFP and GE-EPI 78% and 91%. 
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Specificity was 58% and 84%. The kappa value for the agreement between MPS 
and SSFP was low (0.29), and good between MPS and GRE-EPI (0.72) [139]  
(Table 5). 

 
 
Table 5. Cross tabulation of the visual assessment of CMR and MPS. MPS: normal or 
reversible/irreversible reduction of perfusion. CMR: normal, ischemia or scar 

 CMR) MPS 

 normal reversible/irreversible  kappaa 

 SSFP (%) normal 12 (86%) 2 (14%)  
 ischemic/scar 9 (56%) 7 (44%) 0.286 
GRE-EPI (%) normal 16 (94%)  1 (6%)  
 ischemic/scar 3 (9%) 10 (91%) 0.724 
Total (%) normal 28 (90%) 3 (10%)  
  ischemic/scar 12 (41%) 17 (59%) 0.494 

CMR= Cardiac Magnetic Resonance Imaging, MPS= Myocardial Perfusion SPECT. 
a = 0-0.2: poor, >0.2-0.4: fair, >0.4-0.6: moderate, > 0.6-0.8: substantial, >0.8 almost 
preferable agreement. P=0.07, Fisher’s exact test two-sided. 
 

 

For agreement between two observers intraclass correlation for the GRE-EPI 
sequence was 0.86, CI 95% (0.80-0.90). For SSFP it was 0.53, 95% (0.36-0.66). 
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Quantitative segmental CMR and MPS  

The slope of contrast wash-in during stress CMR was compared with MPS stress 
scores. For all three levels (basal, mid and apical), segments with a high stress 
score on MPS had lower rise in the CMR slope than MPS with low stress score. 
The correlation between CMR perfusion stress slope for all segments versus MPS 
score (four points based on MPS classification) for 18 segments was for SSFP 
(r=0.64= and for GRE-EPI r=0.96) (Figure 6).  
 

 

Figure 6. MPS score (red lines) and CMR slope (blue lines) during vasodilatation. SSFP 
(upper panel) and GRE-EPI (lower panel). Three segment levels, base, mid, apical and 
aggregated results to the right. Values are normalized to maximum in each individual to 
allow for comparison. Normal, ischemic and scar segments are all included. 
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Development of the Magnetic Resonance 
Imaging Anxiety Questionnaire MRI-AQ (Paper 
III) 
The questionnaire Magnetic Resonance Imaging-Anxiety (MRI-AQ, Appendix I 
and II) was developed and validated as part of this thesis. Eight hundred and 
eighy-one patients were invited to participate, of whom 247 accepted (response 
rate 28%). The evaluation showed satisfactory psychometric properties of the 
test. 

Item statistics 

Evaluation of CVI resulted in the exclusion of one item, “I felt nauseous”, due to a 
low I-CVI (0.71). After exclusion of this item, the S-CVI was 0.99 and regarded as 
“very good” [133].  

All items were answered by 87% of the participants. Missing data for each item 
was equally distributed across the instrument and varied between 0-5 (0.0-2.0%) 
and no items were regarded as difficult to understand. The items showed floor 
effects but no ceiling effects. Item-total correlation was between (0.44-0.78) 
except for the three questions where it was between (-0.11 – 0.22). Alpha “if 

deleted” ranged between (0.86-0.89). 

Factor structure 

An exploratory factor analysis supported by the parallel analysis resulted in an 
instrument consisting of two factors explaining 52.6% of the total variance. Three 
of the items with low item-total correlation demonstrated communality values < 
0.2 and /or factor loading < 0.4. When those items were excluded the factor 
analysis explained 59.5% of the total variance.  No item demonstrated multiple 
loadings in the rotated factor solution. This resulted in an instrument with 15 
items divided into two factors, one consisting of 12 items concerning Anxiety and 
one with three items concerning Relaxation (Table 6). 

Internal consistency 

Internal consistency for MRI-AQ total scale was good (α=0.90) for symptoms of 

anxiety (α=0.90) and for symptoms of relaxation (α=0.89). 

Criterion related and known-group validity 

The total scale MRI-AQ as well as the factors Anxiety and Relaxation correlated 
higher with instruments measuring anxiety (HAD-A) than depression (HAD-D). 
The strongest correlation was seen between MRI-AQ and the patients’ own 

ratings of their worry.  

Known-group validity showed that patients examining the heart scored 
significantly higher than patients examining the spine. 
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Table 6. Basis for the two-factor solution with eigenvalue >1.0 of the Magnetic 
Resonance Imaging –Anxiety Questionnaire. Factor loadings for each item. 
Communality calculated on unrotated factor analyses. 

Item 
Anxiety 

symptoms 

Relaxation 

symptoms 

Communality 

values 
 Factor I / Anxiety symptoms    
1 I felt that I controlled the situation 0.55 0.34 0.42 
2 I had palpitations 0.60 0.21 0.40 
3 I found it hard to breathe 0.63 0.18 0.43 
4 I was afraid 0.86 0.27 0.81 
5 I wanted to come out 0.74 0.25 0.61 
6 I panicked 0.75 0.24 0.62 
9 I worried in advance 0.48 0.18 0.26 
11 I had to force myself to manage the 

situation 0.78 0.29 0.69 

12 Self-control was required when going 
through the examination 0.71 0.15 0.52 

13 I needed support and encouragement  0.75 0.18 0.59 
14 I wished to have someone with me 0.56 0.15 0.33 
15 I needed more detailed information 0.54 0.16 0.31 
 Factor II / Relaxation symptoms    

7 I felt relaxed 0.21 0.84 0.76 
8 I felt safe 0.16 0.91 0.85 
10 I felt calm 0.24 0.74 0.60 
 Eigenvalues after rotation 7.19 1.74  
 Explained variance after rotation, % 47.95 11.58 59.53a   

 

 

Stability 

In test-retest, the weighted kappa coefficient demonstrated fair to good 
agreement (Kw=0.42-0.79). For the total scale MRI-AQ and for the two factors, 
intraclass correlation varied between (0.49-0.94) and Lin concordance between 
(0.48-0.94).  
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Video information prior to CMR examination 
resulted in more relaxed patients, but motion 
artefacts were not reduced. Patients who 
underwent CMR had higher levels of anxiety 
than those who underwent MPS (Paper IV) 
 

Two hundred and fourteen patients were invited and 148 answered the 
questionnaires before and after the examination, giving a response rate of 69%. 

Comparisons immediately after the examinations 

According to MRI-AQ, the study group that watched a video explaining the 
examination procedure prior to CMR scored significantly lower (better) than the 
control group in the factor Relaxation (p=0.039) (Table 7). This difference was 
still present when adjusted for gender (Table 8). No difference was found 
between the two CMR groups in the total scale or in the factor Anxiety.   
 

 
Table 7. Comparison between the group scores on MRI-AQ total scale, the 
factors Anxiety and Relaxation. 
 CMR- 

standard 

n=48 

CMR- 

video 

n=49 

p-value b) 

CMR-s 

/CMR-v 

MPS 

n=51 

p-value b) 

CMR/MPS 

MRI-AQ a) 22 (17-32) 22(18-26) 0.412 18 (15-21) <0.001 
MRI-AQ 
factor of Anxiety a) 17 (13-26) 17 (15-21) 0.792 13 (12-15) <0.001 

MRI-AQ 
factor of Relaxation a) 6 (3.5-8.5) 5(3-6) 0.039 3 (3-6) 0.029 

a) med (IQR)  b) Mann Whitney U-test. CMR=Cardiovascular Magnetic Resonance 

imaging, MPS =Myocardial Perfusion SPECT 

 

 

When the two examinations MPS and CMR-standard were compared, patients 
who underwent MPS scored significantly lower on the MRI-AQ total scale 
(p<0.001), and the factors Anxiety (p<0.001) and Relaxation (p=0.029) (Table 
7). This difference was also present when adjusted for age (Table 8). 
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Table 8. Comparison between MRI-AQ total scale and the two factors regarding patient 
experience of CMR-s (m=49.3 years) and MPS (m=64.5 years), with and without adjustment for 
age. Comparison between CMR-standard (female 26/male 22) and CMR-video (female 14/male 
35), with and without adjustment for gender. 
 p-value a) p-value b) p-value a) p-value b) 
 CMR-s/MPS CMR-s/MPS CMR-s/CMR-v CMR-s/CMR-v 
 n=48/51 n=48/51 n=48/49 n=48/49 
  

 
Adjusted for age  Adjusted for gender 

MRI-AQ  < 0.001 < 0.001 0.158 0.153 
MRI-AQ  
Factor of Anxiety 

 
< 0.001 

 
< 0.001 

 
0.384 

 
0.376 

MRI-AQ  
Factor of 
Relaxation 

 
0.009 

 
0.016 

 
0.012 

 
0.020 

a)t-test, b)Tukey test. a)
  CMR-s= cardiovascular magnetic resonance imaging with standard text-information. CMR-

v= cardiovascular magnetic resonance imaging with video information in addition to standard information MPS 

=myocardial perfusion SPECT 

 

 

When the total sample was compared, women scored significantly higher than 
men on the MRI-AQ total scale (p=0.024) and the factor Anxiety (p=0.012). For 
the factor Relaxation, there was no difference. The same was found between 
those who were psychologically unhealthy, who scored higher than those who 
were not total scale (p=0.025) and factor Anxiety (p=0.005)], but not on the 
factor Relaxation. 

When the CMR patients in both the CMR-standard and the CMR-video groups 
were divided into two groups based on age (≤49 years and >49 years, which was 
the median age), young participants scored significantly higher than older 
participants in HAD-A (p=0.009), STAI-S (p=0.001) measured before the 
examination and in MRI-AQ responses for Anxiety (p=0.034), measured 
immediately after the examination. 

All study groups had lower levels of situational anxiety (STAI-S) immediately 
after the examination than before, CMR-video (p<0.001), CMR-standard 
(p=0.001), and MPS (p=0.001). 

Correlations between MRI-AQ total scale, the factors Anxiety and Relaxation and 
the other scales varied between rs=0.207 and rs 0.684.The highest correlation 
was found between MRI-AQ anxiety and the patients’ ratings of their worry. CAQ 

Avoidance and HAD D displayed no or week correlations. 

Follow-up one week after the imaging procedure  

Heart focused anxiety determined by the CAQ score showed no significant 
difference before and one week after the examination for CMR-standard 
(p=0.838) or MPS (p=0.388). Statements dealing with fear in situations related 
to MRI examinations (MRI-FSS) showed no difference after one week, compared 
to before the examination. In the three study groups, the results of the total scale 
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MRI-AQ, and the factors Anxiety and Relaxation showed no significant change 
immediately after and one week after the examination.  

Comparison of image quality 

The presence of motion artefact as an indirect expression of the degree of patient 
anxiety and cooperation was similarly detected in the CMR-groups, both the 
intervention (20 %) and the control group (20 %, p=1.000). The agreement 
between the observers was in the interval 71-74%.
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DISCUSSION  

Aspects on participants and methods 
Study I 

Patients with atrial fibrillation and verified MI have as a group a reduced general 
state of health. They are often elderly and disabled. For participation in study I 
the participants had to be healthy enough to travel to a hospital for the CMR 
examination. Twenty patients were included in the study. A larger sample was 
difficult to achieve considering the voluntary nature of research, the frailty of old 
patients and the recruitment base of 220 000 inhabitants in the catchment area. 
Furthermore, a paired analysis was possible since each patient was examined 
with both sequences.  

Study II 

The time for inclusion seems long, but access to the MRI scanner was limited. 
Randomization to the two sequences was not possible since only one sequence 
(SSFP) was available when the study started. Neither was a cross-over study 
where all patients were examined with both sequences feasible, since that would 
have required two runs of adenosine stress. There are different recommendations 
about the amount of contrast injected during perfusion imaging. Wolff et. al. 
[146] showed that a dose of 0.05 mmol/kg is optimal. In study II, 8 ml was used 
for all patients. Eight ml contrast corresponds to 0.05 mmol/kg in a patient 
weighing 80 kg. Mean weight for the participants was 78 kg. 

The patients studied were not scheduled for ICA, since non-invasive studies are 
used as gate-keepers for angiography in our hospital. Positron Emission 
Tomography (PET) could have replaced MPS, but it was not available.  

Study III 

In this study, 247 of 881 patients answered the questionnaire, giving a response 
rate of 28%, which gives a reasonable sample of the population of prospective 
MRI patients and their attitudes. Validation is an ongoing process and a different 
selection of respondents could possibly have produced a different result [134]. 
The sample size recommended for a factor analysis can be calculated as a ratio 
between participants and items of 10-15 per item [147]. In absolute numbers, a 
sample size between 100 and 1000 is recommended, with 1000 participants 
being considered as excellent [148]. In study III, the MRI-AQ had 15 items and 
247 participating patients, which we consider sufficient.  

Two groups of patients were asked to participate, those examining the heart or 
those examining the spine. MRI spine was chosen for comparison since it is one 
of the most common MRI examinations and facilitates patient recruitment.  MRI 
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of the spine is also considered to be less demanding for the patient compared 
with heart examinations, which enables evaluation of known-group validity. The 
number of participants who examined the spine was greater than those who 
examined the heart, reflecting the frequency of referral in clinical settings.  

In this study a parametric statistical method was used, despite the data being on 
an ordinal level.  Factor analysis and item-total correlation need parametric 
evaluations, which were used throughout the statistical calculations. With one 
exception, correlation between the instruments was, after recommendation from 
reviewers, evaluated with Spearman correlation. This did not change the result. 
Study IV 

The participants who underwent CMR in study IV were allocated in such a way 
that every other participant was given standard information. The others watched 
an information video in addition to standard written information. This procedure 
resulted in a significant difference in the ratio of women to men between the 
study groups. The CMR-standard had a higher proportion of women compared 
with both the CMR-video and the MPS groups. Since women scored significantly 
higher than men in the MRI-AQ total scale and the factor Anxiety, this could be a 
bias. However, the factor Relaxation scored differently between the CMR groups 
and the result in this factor remained after adjustment for gender. The patients 
referred for MPS were significantly older than the CMR groups, but after 
adjustment for age the scoring difference remained. 

The Magnetic Resonance Imaging-Anxiety Questionnaire was validated on 
patients who underwent MRI and developed with the purpose to evaluate patient 
experience during MRI examinations and not during MPS. The two factors 
Anxiety and Relaxation relate to the anxiety that can be felt due to the restricted 
environment in a MRI scanner and patients’ ability to relax. The gamma camera 
also has a restricted environment, which justifies the use of MRI-AQ for 
comparing these methods. MRI-AQ also showed that it can be used to detect 
differences between the two modalities. 

The presence of motion artefacts depends on patient cooperation in addition to 
the fact that the heart is constantly beating. Another important factor that cannot 
be improved by an information intervention is the difficulty patients have holding 
their breath. Arrhythmia can be mistaken for motion artefacts. The radiographer 
performing the examination has a very important role coaching the patients to do 
their very best and continue the examination until high quality images have been 
obtained. Scanner performance affects image quality, e.g., a low slew rate of the 
gradients and insufficient flow compensation can cause image blurring. Artefacts 
related to arrhythmia and scanner performance can also hide true motion 
artefacts. 

It has been suggested that the levels of cortisol and prolactin measured during 
scanning may disclose patient anxiety [98]. In the present study we decided not 
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to use such parameters but only evaluate the patient’s own experience and 

thereby rely on questionnaire data. 

General discussion 

Image quality 

CMR examinations with high image quality are difficult to achieve, not only for 
the patient but also for the staff working with MRI, physicians, as well as 
radiographers. To succeed, both categories have to be well trained [149]. The path 
to a successful examination with good quality may differ between patients. The 
condition of the patient has to be considered. The presence of arrhythmia, 
difficulties in breath holding or problems in immobilisation need to be addressed. 
If the patient is in sinus rhythm and can hold breath the problem is reduced 
considerably [67]. This has to be considered in the planning phase of every 
examination. Most artefacts are related to motion [150] and degrade image 
quality, but can be recognized and corrected during the ongoing examination 
[66]. 

The size of a scar detected by LGE-images is known to correlate with clinical 
determinants of infarct size [63]. Image quality has to be good enough to allow 
the identification of a scar and determine the extent as well. Furthermore, the 
determination of reversible ischemia from perfusion [64] and the ability to 
predict long-term outcome after ST-elevation myocardial infarction [151] using 
LGE are important aspects of CMR. Single shot SSFP has earlier been found to 
have sufficient image quality in patients without arrhythmia [152]. In study (I) we 
showed that a single shot sequence enables the examination of arrhythmic 
patients that earlier were almost impossible to study with CMR. The advantage of 
the elimination of motion artefacts overshadows the loss of resolution. The high 
correlation between myocardial volumes, infarct volume and infarct extent 
between the two sequences enables SS-SSFP to be used as a satisfactory 
alternative for the evaluation of scar size. The single shot sequence shortens the 
acquisition and the patients can breathe normally during the entire LGE 
acquisition with no need for a pause. A short examination is also useful in 
patients with difficulties to hold their breath and in patients who for other 
reasons, for example pain, have problems being immobilized. Anxious patients 
might only be able to participate in a short examination.  

For non-invasive evaluation of stable ischemia, MPS is the standard method 
[153], at the price of using radiation. Even if scintigraphy is the clinical standard 
of care, there are situations where the MPS study may be negative, despite the 
presence of significant coronary stenosis, e.g., when there is stenosis in all three 
perfusion territories, causing “balanced ischemia” [154]. CMR first-pass 
perfusion uses no radiation and has high sensitivity and specificity for detection 
of ischemia. The disadvantage has been partial coverage of the heart. Still, 
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previous studies comparing the diagnostic value of MPS and CMR [56, 57] have 
shown CMR to perform well. CMR may display perfusion, wall motion and LGE 
in one appointment [54]. The diagnostic accuracy from CMR first-pass perfusion 
increases when the information from LGE images is added to the evaluation. 
Several sequences can be used for perfusion studies, for example, FLASH, SSFP 
and GRE-EPI [57, 73, 146]. Fenchel et al. [73]  found a SSFP sequence superior to 
FLASH. Though artefacts were more common, the SSFP sequence correlated 
higher with MPS than the FLASH did. In study (II), SSFP and GRE-EPI 
sequences were compared, with MPS as reference. When a qualitative, visual 
comparison of the ability to detect ischemia was performed and contrast 
enhancement on LGE was considered pathologic, GRE-EPI showed better 
agreement with MPS than SSFP, even though the SSFP sequence had 
significantly higher SI, SNR and CNR. One reason why GRE-EPI was found to be 
superior is the dark-rim artefact. This artefact is seen as a dark subendocardial 
band, which can be mistaken for a true perfusion defect [27, 69-71]. This artefact 
is more often seen in SSFP images than in GRE-EPI [69, 70]. 

The result in both study I and II shows that avoiding artefacts is of primary 
concern in order to maintain high image quality. Naturally, SI, SNR and CNR 
have to be reasonable. It is clear that artefacts greatly decrease image quality and 
diagnostic accuracy. 

When the presence of motion artefacts in study IV was assessed, the addition of 
video information showed no difference between groups.  This is in contrast to a 
previous study [68] where the improved information increased image quality. In 
study IV the result could have been affected by the performance of the scanners, 
and the result could also have been different without the experienced staff that 
collected new images to replace those with a low image quality.  

Measurement accuracy 

The reproducibility of qualitative evaluation of first-pass perfusion is affected by 
the experience of readers [155] and a quantitative method is needed. However, 
quantitative analysis has some problems, such as motion compensation and a 
correct segmentation of the myocardium [155]. Inclusion of the high signal from 
the blood pool may increase signal intensity during up slope, which could hide 
perfusion defects. The amount of contrast media used influences the result [158], 
as well as the sequence being used [155]. Several semi-quantitative and 
quantitative methods can be used. When the slope during contrast injection was 
measured, the GRE-EPI sequence showed better agreement with MPS than did 
SSFP.  In qualitative analysis, the dark rim artefact can be problematic and in 
quantitative analysis it can cause a decrease in SI during upslope [69], which 
prevents the software from discriminating between true perfusion defect and 
artefact. Even if the correlation between quantitative evaluation of CMR 
perfusion and MPS was promising, the semi-quantitative tool was too time-
consuming to use and thus not useful in daily clinical practice.  
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Development of MRI-AQ  

For the evaluation of patient benefit from extended information prior to CMR, a 
new measurement was needed. The STAI-S is the questionnaire frequently used 
in previous research [68, 98, 110, 116, 156]. Even if the “state” scale has been used 

for measuring ongoing anxiety at a particular moment, the items do not refer to 
the situation in a MRI scanner, but measure anxiety in daily life, which may be 
completely different. This can be illustrated by patients who do not suffer from 
anxiety in daily life but still experience difficulties in the scanner. The low 
correlation we found between MRI-AQ and STAI-S, as well as between HAD A 
and MRI-AQ supports this assumption. If the correlation had been higher, the 
development of a new questionnaire had not been necessary [135]. The items in 
the new questionnaire relate to the situation in the scanner and to the physical 
responses to anxiety. All items were selected from a study where patients were 
interviewed about their feelings during the examination [94], which ensures that 
the items in the questionnaire cover the expected domain, high content validity. 
Content validity is perhaps the most important measurement during 
development and validation of a new questionnaire [157]. Initially, the 
instrument consisted of 22 items. During a step-wise evaluation by independent 
experts working in the field, a number of items were excluded. The fact that the 
expressions of the patients participating in the interviews were accounted for is a 
particular strength of this selection process. The last items were excluded due to 
poor psychometric properties, leaving a final number of 15.  

MRI-AQ is aimed at measuring and differentiating between patient feelings 
during MRI. Known-group validity is thereby an important part of the validation 
[157]. When validated on patients, the instrument was able to differentiate 
between patients who performed MRI-examinations of either the spine or the 
heart. Patients subjected to cardiac MRI scored significantly higher than those 
who underwent a study of the spine. This is plausible since MRI of the spine is a 
short examination (about 15 min), and the patients can breathe freely and only 
need to be immobilized for a short time in the scanner. In contrast, MRI of the 
heart requires the patients to be cooperative holding breath, and the examination 
frequently lasts for almost an hour. The long duration is often disliked by patients 
[95].  

The validation process resulted in an instrument with good psychometric 
properties and the possibility to distinguish between patients examining the heart 
and the spine. MRI-AQ measures patients’ experience of anxiety during MRI 

examination, not anxiety in ordinary life. Therefore, it can be used to evaluate 
interventions, when new methods are introduced and whenever it is of value to 
find out of patient reactions in connection with MRI 

Extended video information 

It is imperative to be able to execute a high quality imaging procedure with 
respect for patient needs and without unnecessary demands on the part of the 
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patient [117, 158]. Pertinent information may increase patient satisfaction. Video 
information before CMR helped the patients relax during imaging but did not 
affect their feelings of anxiety. Anxiety expresses a state of helplessness, a sense 
of uncontrollability focusing on a future threat or danger [100], whether focused 
on the heart, on the experience during CMR, or in daily life.  Still, being more 
relaxed helped patients handle their anxiety. 

Information is crucial and must be easy to understand while still giving the 
patients the knowledge they need. Patients want to know about the shape of the 
scanner with its spatial constraint, if the examination is noisy and the expected 
duration of the examination [95], which is long compared with ordinary x-ray 
examinations and computed tomography. Extended written or oral information 
prior to MRI has been evaluated in previous studies. The time spent on 
information has varied. Written information has been mailed with the allotted 
appointment time. This is easy, but the result has varied [68, 159]. It has also 
been difficult for patients to imagine what the information wants to convey [158]. 
Oral extended information and psychological support have shown better results 
[98, 110, 116, 117], but the time spent giving this information has sometimes been 
very long [116]. Video information has the advantage of using both hearing and 
sight. When the patients know what the scanner looks like and expect the noise it 
produces, they can better comply with the instructions from the staff. They have 
seen and heard it before  

The timing of information is important. Before the examination, patients are 
stressed and may have difficulties to concentrate on understanding information. 
It has been suggested that patients take in information better if it is received 
earlier [159]. A different method to distribute video information could be to 
provide a link to a web page with the appointment letter. The patient can view the 
video repeatedly if necessary. Adequate information is the basis for eliciting 
patient cooperation, but the need for good interaction between patient and staff 
during imaging is equally important [117, 158].  

Patients with cardiac disease might feel a general anxiety due to their disease, 
which could negatively affect the experience of imaging procedures. However, 
this study showed a very low or no correlation between heart focused anxiety and 
patient anxiety during the examination. This can perhaps be explained by the 
result in a meta-analysis, including 38 studies, where the number of patients with 
anxiety in relation to their heart failure varied between 6.3% and 72.3 % [160]. If 
only 6.3% of the participants felt anxious with respect to a heart failure diagnosis, 
the effect of information will be almost impossible to measure.  

According to the MRI-AQ total scale and the two factors, MPS was easier to 
tolerate than CMR. MPS patients expressed less anxiety before the examination 
than CMR patients, possibly due to having undergone image acquisition a few 
days earlier in the stress part of their cardiac examination. Still, one patient who 
underwent MPS described the difference as “If it had been an MRI-examination 
anaesthesia had been required. I have panicked before”. The design of the gamma 
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camera is more open and the staff can be in contact with and interact with the 
patients during the examination.  

Clinical implications and future studies 
The present thesis has highlighted image quality in CMR and the anxiety that 
affects patients in relation to MRI. In order to provide good patient care during 
radiology procedures, all information given by physicians and 
nurses/radiographers needs to be relevant to the performance of imaging. 

When performing CMR, detailed knowledge of available sequences may 
determine whether images of sufficient quality can be obtained or not.  

In atrial fibrillation, a single shot sequence is preferable instead of a segmented. 
The single shot sequence is beneficial also to patients with difficulties in breath 
holding or for those who have other difficulties to cooperate. For evaluation of 
ischemia, the GRE-EPI sequence is preferable to the SSFP sequence. If the SSFP 
sequence is used because of additional requirements, artefacts that can be 
mistaken for ischemia need to be ruled out. 

In general nursing as well as in nursing related to imaging procedures, we need to 
know the subjective experience of our patients. The MRI-AQ questionnaire can 
evaluate interventions to alleviate patient anxiety in connection with MRI, 
thereby improving future care.  

Providing suitable information to patients in connection with MRI is a complex 
issue. Sometimes the information given can be difficult to process for the patient. 
Patient information can be personalized to a much larger extent than what is the 
case today. Conventional patient information is text-based, but these days it can 
be visual as well as oral and easy to repeat. Video information prior to 
examinations is of great value to all radiology procedures, not only CMR. Video 
can be provided either as a link to a webpage or as a video clip available in the 
waiting room. A video could be particularly well suited to people who cannot 
read, to patients with cognitive deficits and to those who speak foreign languages.  

This study is focused on the patient experience of CMR and MPS, but we do not 
suggest that imaging procedures be selected on the basis of patient experience. 
On the contrary, we need to choose procedures that produce the best contribution 
to medical diagnosis, without being too difficult to endure by our patients. The 
experience should preferably be as positive as possible for patients. In study IV 
we found that video information prior the examination helped patients to relax. 

Thoughts and questions regarding further research have arisen in my mind 
during my research process. A number of topics for further study have been 
identified, such as: 
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 Does video information prior to MRI examinations of children and non-
Swedish speakers have the potential to better prepare the patients for the 
examination?  

 

 Can video information to children prior to the MRI examination decrease 
the use of anesthesia and sedatives?  

 

 Can video information in the native language remove the need for an 
interpreter? 

 

 If the study was to be repeated again, would the use of identical scanners 
uphold the findings? 
 

 Would a wider tunnel, less noise, higher field strength and faster 
sequences shorten examinations, thus contributing to improve patient 
comfort?  
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CONCLUSION  

An SS-SSFP sequence recorded during free breathing displayed significantly 
better image quality than an IR-FGRE sequence in the evaluation of infarct size 
in patients with atrial fibrillation. Scar size was similar when using the two 
sequences. We conclude that the SS-SSFP sequence can be used in patients with 
arrhythmia as well as in patients with difficulties holding their breath. 

 

For qualitative and semi-quantitative evaluation of ischemia during first-pass 
perfusion CMR, a GRE-EPI sequence showed a significantly higher correlation 
with MPS than a SSFP sequence, despite lower SI, SNR and CNR.  

 

The development of an MRI-specific instrument for measurement of patient 
experience during MRI, the Magnetic Resonance Imaging- Anxiety Questionnaire 
–MRI-AQ, resulted in an instrument with two factors, ”Anxiety” and 

“Relaxation”, with excellent psychometric properties. It showed promising results 

for distinguishing between patient experience during MRI examinations of the 
heart and the spine. MRI-AQ can be applied for the evaluation of effects of 
interventions to increase well-being in the context of MRI. 

 

Extended video information prior to CMR examinations resulted in patients with 
significantly lower (better) level of relaxation than in patients who received only 
standard text information. They were more relaxed, more calm and more safe 
throughout the examination. 

 

Patients who underwent MPS with standard text information scored significantly 
lower (better) levels on MRI-AQ, both on the total scale and the two factors 
Anxiety and Relaxation, than patients who underwent CMR with standard text 
information.  

 

Image quality was not affected by information given. 
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SAMMANFATTNING 

Ischemisk hjärtsjukdom medför att syreförsörjningen till hjärtat i vissa 
situationer är otillräcklig. Sjukdomen kan uttryckas som allt från icke 
symptomgivande arterioskleros till hjärtinfarkt och död. Det är en sjukdom som 
kan utvecklas redan i barndomen hos individer med ärftlig benägenhet och 
förvärras över tid. Sjukdomens progress beror på ett antal riskfaktorer men allt är 
inte känt och fortfarande finns kunskapsluckor. Nära släktingar som har 
ischemisk hjärtsjukdom ökar risken att insjukna i tidig ålder. Andra riskfaktorer 
är t.ex. rökning, högt blodtryck, förhöjda kolesterolvärden, diabetes, fetma och 
hög ålder, vilka samtliga påverkar sjukdomsförloppet negativt. Demografiska 
förändringar med ett ökat antal åldringar ökar sjukdomsprevalensen. Tidig 
diagnos ökar möjligheten till prevention. Sekundär prevention efter 
genomgångna hjärthändelser är idag självklart, men primärprevention hos 
riskindivider utan besvär är fortfarande omdebatterat. Flera bildgivande, icke-
invasiva, undersökningsmetoder som magnetkamera-undersökning (MR) av 
hjärtat (CMR) och hjärtscintigrafi (MPS) kan användas för att påvisa otillräcklig 
blodgenomströmning i hjärtmuskeln. Vid magnetkameraundersökning används 
ett starkt magnetfält och radiovågor för att avbilda kroppen. Vid hjärtscintigrafi 
injiceras en isotop i blodet och dess upptag registreras av en gammakamera. 
Fördelen med CMR är att ingen strålning används och att upplösningen i 
bilderna är hög. 

Utbredningen av hjärtskadan efter genomgången hjärtinfarkt är betydelsefull för 
patientens behandling och återhämtning. Revaskularisering utförs för att lindra 
bröstsmärta, ”kärlkramp”, men också för att försöka förbättra pumpförmågan 

och återvinna hjärtmuskelns funktion. Vid stor hjärtinfarktskada förbättras 
sällan pumpförmågan även om blodtillförseln ökar. Standardmetod för att 
utvärdera potentialen till förbättrad funktion är CMR. Ett kontrastmedel injiceras 
intravenöst och det kontrastförstärkta blodets passage genom hjärtat 
åskådliggörs varigenom eventuell ischemi kan diagnosticeras. Efter 10 min tas 
bilder av infarktärret. För CMR undersökningar finns olika typer av 
bildsekvenser, vars för- och nackdelar för respektive frågeställning behöver 
belysas. 

Hjärtscintigrafi är standardmetoden för utvärdering av ischemi. De delar av 
hjärtat som har nedsatt blodförsörjning har lägre upptag av isotopen än de friska 
delarna och har därför inte lika hög signal vid bildtagning. Undersökningen 
utförs under arbete och vid påverkad arbetsbild, även under vila, för att utvärdera 
förekomst av syrebrist i hjärtmuskeln. 
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I samband med MR-undersökningen upplever patienter ofta någon form av 
ångest, oro eller rädsla. Till stor del beror denna oro/ångest på magnetkamerans 
tunnelliknande utformning, det höga ljudet under bildtagning, att 
undersökningen är relativt tidskrävande och att patienten är skild ifrån 
personalen. Känslan av oro/ångest kan förstärkas av oförmågan att kontrollera 
situationen. Magnetkamerorna har successivt förbättrats med kortare och 
bredare kameratunnel men problemet med att vissa patienter upplever 
undersökningen svår att tolerera kvarstår. Detaljerade studier av hur patienter 
upplever MPS saknas. Utökad skriftlig och muntlig information vid MR-
undersökning har med varierande resultat testats för att se om patienten kan 
bättre förberedas för att underlätta genomförandet. 

 

Syftet med denna studie har varit att:  

Utvärdera bildkvaliteten vid CMR undersökning genom val av sekvens vid 
undersökning av infarktutbredning hos patienter med förmaksflimmer och vid 
studie av hjärtmuskelns genomblödning, och eventuell inverkan av given 
information. 

Att studera patientens upplevelse av CMR med målet att kunna förbättra 
patientupplevelsen och undersökningens bildkvalitet. 

 

Standardsekvens för att bedöma hjärtinfarkters utbredning i hjärtmuskeln med 
MR har varit en segmenterad sekvens (i denna studie IR-FGRE) där data har 
samlats in under flera hjärtslag. Detta är till nackdel när patienten har arytmi 
som t.ex. förmaksflimmer. Då är risken stor att rörelseartefakter minskar 
möjligheten att diagnostiskt bedöma bilden. Nya snabbare metoder har 
utvecklats, där en bild samlas in under ett hjärtslag, s.k. single-shot sekvenser (i 
denna studie SS-SSFP). I delarbete I har dessa två sekvenser jämförts på 20 
patienter med förmaksflimmer och genomgången hjärtinfarkt. Resultatet visade 
att single-shot sekvensen hade bättre bildkvalitet än den segmenterade och att 
utvärdering av infarktens utbredning överensstämde mellan de båda 
sekvenserna. Detta visar att det är möjligt att för patienter med förmaksflimmer 
eller annan typ av arytmi och för patienter som har svårt att hålla andan utföra 
magnetkameraundersökning av hjärtat med god bildkvalitet.  

I delarbete II jämfördes två olika sekvenser för bedömning av ischemi (SSFP och 
GRE-EPI) med 30 patienter i varje grupp med MPS som standardmetod. GRE-
EPI gav bäst resultat trots att SSFP sekvensen hade högre signal, signal-brus- och 
kontrast-brus-förhållande. Samma fördel för GRE-EPI erhölls oavsett om 
undersökningarna utvärderades visuellt eller med hjälp av mätning på bilden. En 
anledning kan vara en artefakt som är mer frekvent synlig på SSFP än på GRE-
EPI, ”the dark rim artefact”. Denna syns i muskeln nära kanten mot 

hjärtkammaren och kan misstolkas som nedsatt genomblödning. 
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För att kunna utvärdera nyttan av utökad information i samband med MR 
utvecklades i delarbete III ett skattningsinstrument ”Magnetic Resonance 

Anxiety Questionnaire MRI-AQ”. Instrumentet bygger på resultatet från en 

intervjustudie av patienter som genomgått MR-undersökning. Skattnings-
instrumentet har validerats och består av två faktorer, en som mäter oro/ångest 
(12 påståenden) och en som mäter avslappning (tre påståenden) i samband med 
undersökning. MRI-AQ som testades vid MR-undersökning av rygg och hjärta 
hade psykometriska förutsättningar för att kunna utvärdera patientens 
upplevelse av MR undersökningen. I delarbete IV utvärderades videoinspelning i 
tillägg till standard skriftlig information jämfört med enbart standard 
information efter det att deltagarna slumpmässigt fördelats till olika grupper. De 
patienter (n=49) som fick utökad information med en videoinspelning hade 
signifikant lättare att slappna av vid undersökningen jämfört med gruppen 
(n=48) som enbart fick skriftlig information. Vid jämförelse av patientens 
upplevelse vid MPS (n=51) och CMR undersökning där båda grupperna fick 
standardinformation, upplevde patienterna som genomgått MPS signifikant lägre 
oro/ångest än det som genomgick CMR. Däremot påverkade inte den utökade 
videoinformationen rörelseoskärpa i bilderna vid CMR undersökningarna.  

Slutsatserna i avhandlingen är: 

 Vid undersökning av infarktstorlek hos patienter med kroniskt 
förmaksflimmer ger en SS-SSFP sekvens högre bildkvalitet än IR-FGRE.  

 Vid bedömning av ischemi hos patienter med regelbunden hjärtrytm 
överensstämmer resultatet vid CMR undersökning bättre med MPS när en 
GRE-EPI sekvens används jämfört med SSFP. Detta gäller både kvalitativ 
och semi-kvantitativ utvärdering.    

 MRI-AQ bedöms som ett tillförlitligt instrument att utvärdera effekten av 
interventioner för att öka patienten välmående i samband med MR-
undersökning.  

 Utökad information med video gör patienter mer avslappnade i 
undersökningssituationen. 

Fortsatt forskning behövs för att utvärdera om utökad information inför MR-
undersökning kan vara värdefull även i andra patientgrupper. Frågor lämpliga att 
belysa kan vara om behovet av fullnarkos av barn minskar om 
undersökningsinformation ges som video liksom eventuell påverkan av 
magnetkameratunnelns diameter på patientens upplevelse av undersökningen.  
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APPENDIX I 

Magnetic Resonance Imaging- Anxiety Questionnaire (MRI-AQ) 

INSTRUCTIONS: Below are some statements that can be used to describe your feelings. Read each 

statement and circle the number 1 to 4 that best describes your feelings during the MRI examination. Do 

not reflect too much on any statement, but respond in the way you think best corresponds to your 

feelings during the examination. 

 

  Not at all Somewhat Moderately Very much 

1* I felt that I controlled the situation 1 2 3 4 

2 I had palpitation 1 2 3 4 

3 I found it hard to breath 1 2 3 4 

4 I was afraid 1 2 3 4 

5 I wanted to come out 1 2 3 4 

6 I panicked 1 2 3 4 

7* I felt relaxed 1 2 3 4 

8* I felt safe 1 2 3 4 

9 I worried in advance 1 2 3 4 

10* I felt calm 1 2 3 4 

11 I had to force myself to manage the 

situation 

1 2 3 4 

12 Self-control was required when going 

through the examination 
1 2 3 4 

13 I needed support and encouragement 1 2 3 4 

14 I wished to have someone with me 1 2 3 4 

15 I needed more detailed information 1 2 3 4 

Items marked * are to be inverted before calculation. Higher score will then indicate higher level of 

anxiety. 
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APPENDIX II 

Magnetic Resonance Imaging- Anxiety Questionnaire (MRI-AQ) 
INSTRUKTION: Nedan följer några påståenden som man kan använda för att beskriva hur man känner 

sig. Läs varje påstående och ringa in den av siffrorna 1 till 4 som bäst svarar mot hur du kände dig under 

magnetkameraundersökningen. Fundera inte för mycket på något påstående utan svara såsom Du tycker 

bäst passade in hur du kände Dig vid undersökningen 

 

  
Inte alls 

Ganska 

lite 

Ganska 

mycket 
Mycket 

1* Jag kände att jag behärskade 

situationen. 
1 2 3 4 

2 Jag fick hjärtklappning 1 2 3 4 

3 Jag hade svårt att andas 1 2 3 4 

4 Jag kände rädsla 1 2 3 4 

5 Jag ville komma ut 1 2 3 4 

6 Jag fick panik 1 2 3 4 

7* Jag kände mig avslappnad 1 2 3 4 

8* Jag kände mig säker 1 2 3 4 

9 Jag oroade mig i förväg 1 2 3 4 

10* Jag kände mig lugn 1 2 3 4 

11 Jag fick anstränga/bemöda mig för 

att klara av situationen 

1 2 3 4 

12 Det krävdes självkontroll för att 

kunna genomföra undersökningen 
1 2 3 4 

13 Jag behövde stöd och uppmuntran 1 2 3 4 

14 Jag hade velat ha någon med mig 1 2 3 4 

15 Jag hade behov av mer detaljerad 

information 

1 2 3 4 

Frågor markerade * inverteras före kalkylering. Då kommer höga värden alltid att indikera högre ångest. 
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