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Resumo

As doencgas cardiovasculares (DCV) sdo um grupo de doencgas do coragdo e dos vasos
sanguineos, e a principal causa de mortalidade em todo o mundo, afetando milhdes de pessoas
todos os anos, estimando-se 17,9 milhdes de vidas a cada ano (1-3). A Doenca Arterial Coronaria
(DAC) é a forma mais comuns de DCV, sendo responsavel por mais de 40% das mortes na
Europa (4,5). Na DAC, as artérias do paciente ficam estreitadas por placas de ateroma ou
formacao de trombos, devido a formagéo de placas de colesterol (6,7). A obstrucéo da placa leva
ao comprometimento do fluxo sanguineo, diminuindo o fornecimento de oxigénio ao miocardio
(2,6).

A Cintigrafia de perfusdo do miocardio (CPM) é um método de imagem bem estabelecido para
diagndstico e avaliagdo de DAC (8). Esta técnica foi desenvolvida em 1970 e desde entédo tem
sido muito utilizada em cardiologia e outras areas de tratamento médico (3). Em Portugal,

representa 47% da totalidade dos exames de medicina nuclear realizados para diagndsticos (9).

A CPM é um método de imagem médica que usa tomografia computadorizada por emissao de
fotdo unico (SPECT, sigla inglesa de Single Photon Emission Computed Tomography),
sincronizado com um sinal de eletrocardiograma (Gated) (3,4,10,11). No seu procedimento, &
realizada a administragao intravenosa de radiofarmacos em duas fases distintas (esforgco e
repouso), o que leva a tempos de aquisigado relativamente longos, exigindo a cooperagdo do

paciente para obter um estudo de imagem com qualidade diagnéstica (12).

A CPM esta associada a uma elevada carga emocional por se tratar de um exame com
caracteristicas especificas, nomeadamente: a) duragéo e posicionamento durante o exame; b)
falta de conhecimento; c) uso de radiagao ionizante e d) resultados dos exames. Visto que este
procedimento pode diagnosticar doengas potencialmente fatais, os pacientes apresentam
ansiedade antes, durante e apdés o exame (13,14). Altos niveis de ansiedade podem
comprometer a qualidade da imagem obtida por desencadear movimentos involuntarios e
voluntarios do paciente durante a aquisicdo da imagem. Estes movimentos podem aumentar o
aparecimento de artefactos na imagem, com consequentes implicagdes na sua interpretagédo. A

movimentagao do paciente pode afetar cerca de 10-26% dos estudos de CPM (15,16).

Vérias estratégias ndo farmacoldgicas foram introduzidas antes e durante procedimentos de
imagem para minimizar a ansiedade do paciente, como meditagdo, massagem, aromaterapia,
hipnose e uso de musica (17-20). A intervengdo musical € uma estratégia nao farmacoldgica
indolor, confiavel, de baixo custo e sem efeitos colaterais (21,22). Pode ajudar a maximizar os
esforgos para promover o conforto e relaxamento do paciente, uma vez que a atencéo dos
pacientes em aspetos como tempo do procedimento ou sintomas, pode ser desviada a medida

que se concentram na musica (23).



O principal objetivo deste projeto foi avaliar o impacto da ansiedade do paciente na qualidade
das imagens da cintigrafia de perfusdo do miocardio. Para alcangar o objetivo principal, foram
cumpridos varios objetivos intermédios através da analise de parametros psicoldgicos,

bioquimicos, fisiologicos e sociodemograficos da amostra.

O presente projeto incluiu dois estudos, um estudo Cross-Sectional e um estudo Piloto, em
pacientes que realizaram CPM, protocolo 1 dia repouso-esforgo, por indicagao clinica. O estudo
Cross-Sectional, incluiu uma amostra de 63 participantes, e foi usado para caracterizar o impacto
da ansiedade do paciente na qualidade das imagens de CPM. O estudo Piloto, com uma amostra
de 34 participantes, foi usado para avaliar o impacto da intervengdo musical e a sua eficacia na
diminuicdo da ansiedade dos pacientes quando realizam CPM. O estudo Cross-sectional foi
realizado na NuclearMed, no Hospital Particular de Almada. O estudo Piloto foi um estudo
multicentro realizado no servigo de Medicina Nuclear (MN) da Clinica Joaquim Chaves de

Miraflores (n=23) e no servigo de MN do Hospital de Santa Maria (n=11).

Para a analise das amostras dos dois estudos foram utilizados como ferramentas de medicao
parametros sociodemograficos, psicoldgicos, bioquimicos e fisioldgicos. Estas medigdes foram
aplicadas em 5 momentos distintos do exame: TO, 2 dias antes do exame; T1, na chegada ao
servigo; T2, antes da aquisi¢ao de imagens de repouso; T3, depois da aquisi¢cdo de imagens de
esforgo; T4, antes da aquisicdo de imagens de esforco; T5, depois da aquisicdo de imagens de
esforgo. Para o estudo Piloto apenas foram realizados os tempos do T2 ao T5. Como parametros
sociodemograficos do paciente, utilizamos a idade, género, habilitacbes literarias, nimero de
exames de imagem médica realizados anteriormente, medicacéo e grupos terapéuticos, numero
de fatores de risco e os seus tipos. Como parametros psicoldgicos utilizamos dois formularios de
medigcado de ansiedade, STAI-S, sigla inglesa de State-Trait Anxiety Inventory for Adults e VAS,
sigla inglesa de Visual Analogue scale. A escala STAI-S, ou STAI forma Y-1, medida nos tempos
T1, T2 (no caso do estudo Piloto) e T5, € uma forma especifica da STAlI em que utiliza apenas
os parametros de avaliagdo “state”, estado do participante no momento da avaliagéo. E composto
por 20 itens e classificado entre 0 € 4 onde 0 é “Nada” e 4 é “Muito”. A escala VAS é uma escala
de dor ou ansiedade com apenas um item e classificado entre 0 “Nada ansioso” e 10
“Extremamente ansioso”. Como parametros bioquimicos, medidos do T0O ao T3 no estudo Cross-
sectional e no T2 e T3 para o estudo Piloto, utilizamos o biomarcador de ansiedade, Cortisol.
Foram feitas recolhas de saliva dos pacientes e posteriormente doseadas. Como parametros
fisiologicos, medidos do T1 ao T5 no estudo Cross-sectional e do T2 ao T5 no estudo Piloto,
foram utilizados tensao arterial, frequéncia cardiaca, frequéncia respiratéria e saturacédo de

oxigénio (Sp02%).

Para a analise dos resultados estes foram divididos em trés secgbes: analise do estudo Cross-

sectional, analise do estudo Piloto e comparagao dos dois estudos.

Os resultados do estudo Cross-sectional mostraram que parametros sociodemograficos como a

idade, género e habilitagdes literarias podem ter influéncia na ansiedade do paciente.



Na andlise de qualidade de imagem foram encontradas diferencgas estatisticamente significativas
entre o ruido médio da imagem com o parametro fisiol6gico: batimentos cardiacos. Verificamos
assim que quanto maior os valores de batimentos dos pacientes maior o ruido médio
apresentado nas suas imagens. Para além disso verificamos que de acordo com o parametro
psicolégico STAI-S conforme o aumento dos scores dos pacientes, ocorreu um aumento do
numero de movimentos <1 pixel dos pacientes mostrando assim que, a ansiedade teve influéncia

em movimentos dos pacientes inferiores a 1 pixel.

No estudo Piloto verificamos que os temas musicais especificos: “La fille aux cheveux de lin”,
Debussy and “Pachelbel D major” foram os mais escolhidos pelos participantes, com uma média
de volume de 60dB. Ao comparar os resultados do estudo Cross-sectional com o estudo Piloto
verificamos que de acordo com os parametros psicolégicos ocorreu uma diminuigdo de scores
na amostra do estudo Piloto em todos os momentos do exame, mostrando assim que existiu uma

influéncia da intervengdo musical na diminuicdo da ansiedade dos pacientes.

Tanto no estudo Cross-sectional como no estudo Piloto, apesar de existir uma diminuigéo de
valores de concentragdo dos parametros bioquimicos ao longo do exame, as concentragbes
foram muito baixas comparativamente aos valores de referéncia na literatura (24). Para além
disso, as concentragdes variam ao longo do dia e desta forma, podem afetar e alterar os nossos

resultados, influenciando posteriormente a sua analise e interpretacao.

Considera-se o0 presente estudo como mais um passo no desenvolvimento de métodos de
melhoramento para exames de imagem médica em especifico a cintigrafia de perfusdo do
miocardio e podemos concluir que paradmetros fisiolégicos como a frequéncia cardiaca tem
influéncia na qualidade de imagem e o numero de movimentos dos pacientes é influenciado pela
sua ansiedade durante exames CPM. E importante continuar a estabelecer novos parametros
de medigao para estes testes, e fazer estudos com amostras de maior dimensao para se obter
resultados estatisticamente mais significativos. Para além disso, continuar a aprofundar os

beneficios da utilizagdo de intervengdes musicais neste tipo de exames de imagem médica.

Palavras-chave: Cintigrafia de perfusdo do miocardio, Qualidade de imagem, Ansiedade,

Intervencao Musical



Abstract

Myocardial perfusion scintigraphy (MPS) is a well-established imaging method for diagnosing and
evaluating ischemic heart disease (8). This imaging technique represents 47% of the total number
of nuclear medicine exams performed in Portugal (9). MPS uses intravenous administration of
radiopharmaceuticals in two distinct phases (stress and rest), which leads to relatively long
acquisition times, requiring patient cooperation to obtain a diagnostic-quality imaging study (12).
MPS is associated with a high emotional burden since it is an exam with specific characteristics,
namely: a) duration and positioning during the exam; b) lack of knowledge; c) use of ionizing
radiation and d) exam results. Since this procedure can diagnose a life-threatening disease,
patients experience anxiety before and during the exam (13,14). High levels of anxiety may
compromise the quality of the image obtained by triggering involuntary and voluntary movements
of the patient during the image acquisition. These movements may enhance the appearance of
artifacts in the image, with consequent implications in its interpretation. Patient movement may
affect 10-26% of MPS studies (15,16). Several non-pharmacological strategies have been
introduced before and during imaging procedures to minimize patient anxiety. Musical intervention
is a painless, reliable, low-cost and without side effects non-pharmacological strategy (21,22). It
can help maximize efforts to promote the patient’s comfort and relaxation; since patients' attention

on aspects such as procedure time or symptoms can be diverted as they focus on the music (23).

The main objective of this project was to assess to evaluate the impact of patient’s anxiety on the
quality of myocardial perfusion scintigraphy images. The project was carried out in CPM exams
with a 1-day rest-stress protocol and divided into two types of study: Cross-Sectional Study with
a total of n=63 participants and a Pilot Study, with a total of n=34 participants. In the Cross-
sectional study, the sample and image quality were analysed in accordance with the main
objective of the project. In the Pilot study, the sample was analysed, and a musical intervention
was used to understand its effectiveness in reducing patients' anxiety. Sociodemographic,
psychological, biochemical, and physiological parameters were used as measurement tools,
applied at 6 moments of the exam: T0, T1, T2, T3, T4 and T5.

We observed in the Cross-sectional study that the % noise is influenced by the patients' heart
rate and that the number of patients movements <1 pixel increased with the increase in STAI-S
scores. In the Pilot study we found that the specific musical themes: “La fille aux cheveux de lin”,
Debussy and “Pachelbel D major” were the most chosen by participants, with an average volume
of 60dB. When comparing the results of the Cross-sectional study with the Pilot study, we found
that, according to psychological parameters, there was a decrease in scores in the Pilot study
sample at all times of the exam. We can conclude that physiological parameters such as patients'

heart rate and the number of movements are influenced by their anxiety during MPS exams.

Keywords: Myocardial perfusion scintigraphy, Image Quality, Anxiety, Musical Intervention
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1. Introduction
1.1 Framework

Cardiovascular diseases (CVDs) are the leading cause of morbidity and mortality worldwide,
affecting millions of people every year (1). Coronary Artery Disease (CAD) is the most common

form of CVD, accounting for more than 40% of deaths in Europe (4,5).

MPS is a well-established non-invasive imaging method, using a Single Photon Emission
Computed Tomography (SPECT) and is synchronized with the electrocardiogram (Gated) signal
(4,10). MPS diagnose and stratify the risk of CAD (4,8,25). In Portugal, MPS is the most frequent
conventional Nuclear Medicine (NM) examination, representing almost 47% of all conventional

NM procedures (1).

MPS is associated with a high emotional burden since it is an exam with specific characteristics,
namely: a) duration and positioning during the exam; b) lack of knowledge; c) use of ionizing
radiation and d) exam results. High levels of anxiety may compromise the quality of the image
obtained by triggering involuntary and voluntary movements of the patient during the image
acquisition. These movements may affect 10-26% of MPS studies (13,15,16) and enhance the

appearance of artifacts in the image, with consequent implications in its interpretation.

Assessing patients' anxiety during these types of exams and understanding it has been the work
of many recent studies on MPS exams (20,26,27). By developing and identifying the problem,
analysing it quantitatively and qualitatively, makes it simpler to subsequently search for new
strategies to reduce patients' anxiety and thus the probability of artifacts and consequent

implications on image quality.

Several non-pharmacological strategies have been introduced before and during imaging
procedures to minimize patient anxiety. (17—20). Musical intervention is a painless, reliable, low-
cost and without side effects non-pharmacological strategy (21,22). It can help maximize efforts
to promote the patient's comfort and relaxation; since patients' attention on aspects such as

procedure time or symptoms can be diverted as they focus on the music (23).



1.2 Objectives

The main objective of this project was to assess the impact of patient anxiety on the quality of

myocardial perfusion scintigraphy images.
In order to achieve the purpose of this dissertation, the following objectives were defined:

= To assess the impact of patient anxiety on the quality of myocardial perfusion scintigraphy
images;

= To evaluate anxiety in patients undergoing MPS by psychological, physiological and
biochemical methods;

= To identify the relationship between anxiety levels and the number of repetitions of MPS
exams;

= To evaluate the relation between anxiety levels and MPS image quality (e.g., noise,
contrast, and sensitivity);

= To assess the effectiveness of listening to music in the decreasing of anxiety in patients

undergoing MPS using musical methods.

1.3 Dissertation Structure

This dissertation is structure into 14 main chapters.

The first chapter corresponds to the Introduction, which provides a framework for the study,

explaining its importance and relevance. The objectives of this project are presented below.

The following six chapters refer to the theoretical foundation, including fundamental concepts of
the myocardium and the problems adjacent to it, SPECT exams, more specifically MPS, anxiety
as a neurological problem and musical interventions in medical imaging exams, concepts that are
consider relevant to understanding the project theme. The eighth chapter specifies the materials

and methods applied within the scope of the study.

Chapter nine presents all the results divided into three phases: Cross-sectional study (CSS), Pilot
study (PS) and comparison of the two studies. These results are then discussed in chapter ten.

The conclusions of this study are found in chapter eleven.

Finally, the limitations of the study and future perspectives of the work developed are presented
in chapter twelve. In chapter thirteen the references used are described and the study publications

and communications are listed in chapter fourteen.



2. The Myocardium
2.1 Structure and functions

The heart is a muscular primary organ of our circulatory system, and its muscle tissue is known
as myocardium, from the Greek (myos = muscle) + (kardio = heart) (28) (Figure 1).

The heart contains four main sections (chambers) made of muscle and is divided into three layers
(7,29):

e Pericardium: It encloses the heart, and it contains an outer fibrous sac, and an inner layer
of mesothelial cells that provide both lubrication and connective tissue containing fat,
arteries, veins, and nerves. The pericardium prevents the heart from expanding
excessively due to overfilling with blood.

e Myocardium: The muscle layer.

¢ Endocardium The inner layer of the heart in between the muscle and the heart cavities.

It contains connective tissue and an inner layer made of endothelial cells.

Right pulmonary artery Left pulmonary artery
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Pulmonary Pulmonary trunk
semilunar valve
Left pulmonary veins

Right pulmonary —"

veins Left atrium

Right atrium Mitral valve

Aortic semilunar
valve

Tricuspid valve

Right ventricle
Left ventricle
Inferior vena cava

Figure 1: General structure and flow of blood through the heart

(Adapted from: (30))

The brain and nervous system direct your heart’s function and the heart pumps blood throughout
your body. Embedded in the myocardium there is a specialized conducting tissue capable of
generating a coordinated heart rate. The electrical impulse is initiated by a group of pacemaker
cells, located in the sinoatrial node in the right atrium. These cells can generate spontaneous
electrical impulses, at around 100 beats per minute, although nervous input controls and lowers
this value at rest (31-33).



The contraction impulse subsequently reaches the atrioventricular node. The signal is conducted
to the ventricles by the atrioventricular bundle and the Purkinje fibers (34,35). The atrioventricular
node is in the junction between the atria and the ventricles. The electrical conduction through the
atrioventricular node is slow, preventing the ventricles from contracting at the same time as the
atria. An atrial contraction is thus followed by a ventricular one and it happens around 70 — 80
times per minute in a healthy human at rest (34,36-38). This electrical activity can be recorded

on an Electrocardiogram (ECG) (Figure 2).
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Figure 2: The cardiac conduction system and ECG

(Adapted from: (39))

The P wave comes from the depolarization of the atria, pushing the blood into the ventricles
through the AV valves. During the QRS complex the atria relax while the ventricles’ contraction is
triggered, forcing the blood into the arteries through the semilunar valves. The QRS complex
corresponds to the depolarization of the ventricles and masks an inverted P wave that would
represent the atria repolarization. The magnitude of the QRS complex is much larger than the P
wave due to a much more abundant muscle tissue in the ventricles compared to the atria. The T
wave represents the repolarization of the ventricles. It is easy to notice that depolarization means
contraction while repolarization triggers relaxation. It might seem strange at first that the recorded
R and T wave on the ECG have the same polarity, since they represent a depolarization and
repolarization respectively, but both events happen in opposite directions, with repolarization
starting in the apex of the heart towards the base (Figure 2) (31,34,37,38).



Myocardial Perfusion is the process of delivering the nutrients contained in the arterial blood to
the capillary bed of the heart muscle and this is done through the coronary circulation (7,38). The
blood flow in the circulatory system is mainly controlled by the heart, more specifically by pressure
differences generated by myocardial contraction, working together with the heart valves. The right
heart chambers propel unoxygenated blood through the pulmonary circulation, and the left heart
propels oxygenated blood through the systemic circulation. The direction of blood flow begins at
the left ventricle of the heart, flows to the arteries, then arterioles, capillaries of each body organ,
venules, veins, right atrium, right ventricle, pulmonary artery, lung capillaries, pulmonary veins,
left atrium and then goes back to the left ventricle (Figure 3) (7,29,38).
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Figure 3: Legend: Pulmonary and Systemic Circulatory Systems. Schematic diagram showing serially
connected pulmonary and systemic circulatory systems and the direction of blood flow; RA, Right atrium;
RV, right ventricle; LA, left atrium, LV, left ventricle.

(Adapted from: (29))

2.2 Vital signs

Vital signs measure the body's basic functions. Measuring vital signs is usually the first step in
almost every medical evaluation and its useful to detecting or monitoring health issues and
alerting medical professionals to potential concerns such as heart diseases (40,41). The most
used vital signs for medical measurements are the blood pressure, heart rate, respiratory rate,
blood oxygen levels and body temperature (40,42).

2.2.1 Blood Pressure

When the heart beats, blood pulses through the arteries to travel throughout the body. The pulse
of the blood flow and the pressure it exerts change from moment to moment.



Blood pressure is measured in millimetres of mercury (mmHg) and is given as 2 measurements,
systolic pressure, and diastolic pressure. Systolic blood pressure is the higher number and refers
to the amount of pressure experienced by the arteries while the heart is beating. Diastolic blood
pressure is the lower number and refers to the amount of pressure in the arteries while the heart
is resting in between heartbeats. Medical professionals measure blood pressure using these
numbers because it is a standard way of describing the force of the pulsing blood (43,44). Both
numbers give important information about patients’ health. However, the healthcare provider
might give more importance to high systolic pressure to determine the risk of heart disease (44).

There are five stages of blood pressure, presented in Table 1.

Table 1: Stages of Blood Pressure

(Adapted from: (45))

BP (mmHg) grading
Hypertension Other risk factors, T
disease HMOD, or disease High narmal Grade 1 Grade 2 Grade 3
staging SBP 130-133 SEP 140-159 SBP 160-173 SBF 2180
DEP 8589 DBP 90-89 DEP 100-109 or DBP =110
No other risk Low risk Low risk Moderate risk High risk
Stage 1 factors
{uncamplicated) } Maderate to
1 or 2 risk factors Low risk Moderate risk high risk High risk
Low to foderate to . I
23 risk factors moderste risk high risk High sk High rick
| HMOD, CKD grade
Stage 2 3, or diabetes
[asymptomatic mellitus without Moderate to High risk High risk High to
disease) organ damage high risk en ri igh very high risk
| Established cvD,
Stage 3 CKID grade 24, or
|established diabetes mellitus
diseasa) with organ damage Wery high risk Very high risk Very high risk Very high risk

2.2.2 Heartrate

The heart rate (HR), also known as pulse rate, is the number of times the heart beats per minute.
The age and general health affect the HR and so, pulse can modify from person to person (46).

The following Table 2 shows the normal HR values, depending on age for adults.



Table 2: Average heart rates for different ages and genres

(Adapted from: (47))

Age Men Women

18-25 62-73 bpm 64-80 bpm
26-35 62-73 bpm 64-81 bpm
36-45 63-75 bpm 65-82 bpm
46-55 64-76 bpm 66-83 bpm
56-65 62-75 bpm 64-82 bpm
Over 65 62-73 bpm 64-81 bpm

2.2.3 Respiratory rate

The respiratory rate (RR), or breathing rate, is the number of breaths that a person take per
minute. It is one of the main vital signs, along with blood pressure, heart rate, and temperature.
When a person inhales, oxygen enters their lungs and travels to the organs. When they exhale,
carbon dioxide leaves the body (48,49). A normal respiratory rate plays a critical role in keeping
the balance of oxygen and carbon dioxide even in the body. Many factors, including age and
activity levels, affect a person’s respiratory rate. Adults usually take between 12 and 20 breaths

per minute. Although the normal RR can vary slightly between individuals, there is a range that

medical professionals usual used (48).

The following Table 3 shows the normal RR values, depending on age:

Table 3: Normal RR values in different ages

Group Age

[NV - S

(Adapted from: (48))

Age
1 year
2 — 5 years
6 — 10 years
11 - 18 years
18 — 70 years

>70 years

Normal Respiratory
Rate
30 to 40
20 to 40
15to 25
15 to 20
12 to 20
15 t0 20




2.24 Blood Oxygen Levels

SpO2, also known as oxygen saturation, is a measure of the amount of oxygen-carrying
hemoglobin in the blood relative to the amount of hemoglobin not carrying oxygen. The body
needs there to be a certain level of oxygen in the blood, or it will not function as efficiently. In fact,
very low levels of SpOz2 can result in very serious symptoms (Chan et al., 2013). This condition is
known as hypoxemia. There is a visible effect on the skin, known as cyanosis due to the blue
(cyan) tint it takes on. Hypoxemia (low levels of oxygen in the blood) can turn into hypoxia (low
levels of oxygen in the tissue). A typical, healthy reading is 95-100%. (Chan et al., 2013; Jubran,

2015). The following Table 4 shows the blood oxygen levels in different stages:

Table 4: Gradation of oxygen saturation levels

(Adapted from: (50))

Blood oxygen saturation (SpOz2)

166 - 98 % Normal
97 - 95 % Insufficient
Tolerable, patient hardly notices any influence
94 - 90 % Decreased
Immediate intervention (eating, exercise)
<99 % e Critical
Referral to specialist
< 80 % I Severe hypoxia
Hospitalization
<70 % I Acute danger to life



3. Cardiovascular diseases

3.1 Background

CVDs are a group of disorders of the heart and blood vessels, and the leading cause of morbidity
and mortality worldwide, affecting millions of people every year, estimated 17.9 million lives each

year (1-3).

A wide array of problems can arise within the cardiovascular system, a few of which include
endocarditis, rheumatic heart disease, and conduction system abnormalities (1,51,52). CVDs,
refers to cerebrovascular diseases, peripheral artery diseases (PADs), aortic atherosclerosis and
coronary artery diseases (CADs) which is also referred to as coronary heart diseases (CHDs).
(2,51).

3.2Coronary Heart Disease

CAD is the most common form of CVD, accounting for more than 40% of deaths in Europe (4)
(53). In CAD, the patient’s arteries become narrowed by atheromatous plaques or thrombus

formation, due to cholesterol plaque formations. (6,7).

Atherosclerosis (lipoprotein-driven disease) is the most common form of coronary artery disease
(7). It causes plaque formation at specific sites of the arterial tree through intimal inflammation,
necrosis, fibrosis, and calcification. The plaque obstruction leads to impairment in blood flow,

decreasing oxygen supply to the myocardium (2,6) (Figure 4).

CAD is a multifactorial phenomenon, influenced by e.g., etiologic factors, categorized into non-
modifiable and modifiable factors. Non-modifiable factors include gender, age, family history, and
genetics. Modifiable risk factors include smoking, obesity, lipid levels, and psychosocial variables
(16).

The patients in this common heart condition may experience chest discomfort (angina), which is
a classic symptom that indicates a lack of blood and oxygen supply to the cardiac tissues
(ischemia). Myocardial infarction is caused by prolonged ischemia, leading to irreversible damage

(necrosis) to the myocardium (7,52,54).
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Figure 4: Coronary artery disease: normal artery and artery obstructed by cholesterol plaque B)
Atherosclerosis stages in coronary artery disease, caused by cholesterol plaque.

(Adapted from: (55))

Vital signs measure the body's basic functions. Measuring vital signs is usually the first step in
almost every medical evaluation and its useful to detecting or monitoring health issues and
alerting medical professionals to potential concerns such as heart diseases (40,41). The most
used vital signs for medical measurements are the blood pressure, heart rate, respiratory rate,

blood oxygen levels and temperature (40,42).

3.3 Cardiovascular risk factors and medication

Cardiovascular diseases are associated with a set of factors that are called risk factors. The
cardiovascular risk factors (CVRFs) contribute to the development of many cardiovascular
diseases (56-58). There are two types of CVRFs:

= Modifiable: Factors that can be modified and corrected, such as High Blood Pressure
(HBP), Diabetes Mellitus (DM), Dyslipidemia (high cholesterol and triglyceride levels),
obesity, smoking, sedentary lifestyle, excessive stress, and excessive consumption

of alcohol.

= Non-modifiable: Factors that cannot be changed, such as age, gender, and family

history of heart disease.
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Medical diagnostics are essential to assess the risk of developing cardiovascular disease. The

earlier the diagnosis, the greater the chances of preventing the increase of CVD (58).

After diagnosing patients with heart disease, medical professionals prescribe medications to treat
heart failure, some of which must be taken for the rest of their lives (59,60). The type of medicine

used depends on the type of disease, and these can be divided into different categories (59-61):

= Anticoagulants: Decreases the clotting (coagulating) ability of the blood. Sometimes
called blood thinners, although they do not actually thin the blood. This medication helps
to prevent harmful clots from forming in the blood vessels, may prevent the clots from
becoming larger and causing more serious problems and they are often prescribed to
prevent first or recurrent stroke (62);

= Antiplatelet Agents: Keeps blood clots from forming by preventing blood platelets from
sticking together. Normally helps the patients. Helps prevent clotting in patients who have
had a heart attack, unstable angina, ischemic strokes, TIA (transient ischemic attacks)

and other forms of cardiovascular disease (63);

= Angiotensin-converting enzyme (ACE) Inhibitors: ACE inhibitors are medicines that help
relax the veins and arteries to lower blood pressure. ACE inhibitors prevent an enzyme
in the body from making angiotensin Il, a substance that narrows blood vessels. This
narrowing can cause high blood pressure and forces the heart to work harder. Angiotensin

2 also releases hormones that raise blood pressure (59,60);

= Angiotensin Receptor Blockers (ARBs): Rather than lowering levels of angiotensin Il (as
ACE inhibitors do) angiotensin Il receptor blockers prevent this chemical from having any

effect on the heart and blood vessels. This keeps blood pressure from rising (59,60);

= Angiotensin Receptor-Neprilysin Inhibitors (ARNIs): Neprilysin is an enzyme that breaks
down natural substances in the body that open narrowed arteries. By limiting the effect of
neprilysin, it increases the effects of these substances and improves artery opening and

blood flow, reduces sodium (salt) retention, and decreases strain on the heart (64);

= BetaBlockers (BB): Decreases the heart rate and force of contraction, which lowers blood
pressure and makes the heart rate slowly and with less force. Normally used to lower
blood pressure, for cardiac arrhythmias (abnormal heart rhythms), treat chest pain

(angina) and prevent future heart attacks in patients who had a heart attack (59,60);

11



Calcium Channel Blockers (CCB): Interrupts the movement of calcium into the cells of
the heart and blood vessels and may decrease the heart's pumping strength and relax

blood vessels (65);

Cholesterol-lowering medications: reduce high blood cholesterol levels, specifically, lower
Low-density lipoprotein (LDL) cholesterol also known as ("bad") cholesterol. This lipid

lowering drugs are a primary prevention of coronary heart disease (66);

Digitalis Preparations: Increases the force of the heart's contractions. Can be beneficial
in treating heart failure and irregular heart rate, especially when the patient isn't
responding to other standard treatments including ACE inhibitors, ARBs, and diuretics
guide (67);

Diuretics: Causes the body to rid itself of excess fluids and sodium through urination.
Helps to reduce the heart's workload. Also decreases the buildup of fluid in the lungs and
other parts of the body, such as the ankles and legs. Different diuretics remove fluid at

varied rates and through different methods (59).
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4. Medical Imaging Procedures

4.1 Background

Medical imaging refers to the techniques and processes used to create images of the human
body (or parts thereof) in medical and NM services (68,69). In recent years medical imaging
procedures have become an asset to modern medicine. The use of imaging techniques has
experienced rapid growth with a sustained rise in the utilization of imaging examinations for
various medical conditions across multiple subspecialties to study anatomy and functions of
human body (70-73). The wide range of imaging techniques available today enables healthcare
professionals to make informed clinical decisions, monitor patients’ health, and accurately

diagnose ilinesses (70-73).

Emission tomography is a medical imaging modality, belonging to NM, which essentially includes
Positron emission tomography scan (PET) and SPECT (74,75). Both techniques use
radiopharmaceuticals to obtain images with information about the physiological properties of the
body (75). Clinical Emission tomography (ET) imaging procedures involve many main steps
(Figure 5). After the production of the radiopharmaceutical, it is administered to the patient,
normally by injection, and following a waiting period (depending on the pharmacokinetics of the
radiopharmaceutical and the objective of the study in question), the patient proceeds to image

acquisition.

Data acquisition takes place while the patient lies still on a bed. The radioactive isotope with which
the radiopharmaceutical was labelled emits gamma rays due to radioactive decay and, as this
radiation is emitted, the gamma rays are detected by the system, which rotates around the patient,

acquiring images of the distribution of the radiopharmaceutical in different angles (75,76).

Radiopharmaceutical
production

U

Administration of
radiopharmaceutical

4

Data acquisition
(gamma-ray detection)

U

Image reconstruction

U

Image analysis

Figure 5: Key steps in an emission tomography study

(Adapted from: (76))
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From the two major methods in ET, PET and SPECT differ essentially in the type of emission and,

consequently, in the way radioactive decay is detected.

While PET uses a positron-emitting isotope, SPECT studies use radiopharmaceuticals labelled
with a single photon emitter (75,76), to e.g. diagnose and track the progression of heart disease,

such as blocked coronary arteries.

Since this dissertation is directly related to the MPS imaging method, this chapter will be in more
detail for the SPECT technic.

In PET scans a positron (particle with roughly the same mass as an electron but oppositely
charged) react with electrons in the body and when these two particles combine, they annihilate
each other. This annihilation produces a small amount of energy in the form of two photons that
shoot off in opposite directions (about 180°). The detectors in the PET scanner measure these

photons and use this information to create images of internal organs.

4.2SPECT

4.2.1 Background

In SPECT method the acquiring tomographic studies allows obtained 3D images of the distribution
of a radiopharmaceutical, being sensitive for the evaluation and quantification of processes
physiological aspects of the organism (77). This technique involves acquiring planar views of the
patient, from different directions, allowing a high number of projections and, consequently, through
reconstruction algorithms, it is possible to obtain a three-dimensional image of sections of the
human body. Conventionally, these images include three orthogonal planes — axial, sagittal, and
coronal. Normally the axial images are obtained directly from the SPECT acquisition and the

remaining planes are obtained from a set of axial cuts (78).

In a myocardial SPECT study, once transaxial data are available and considering cardiac
positioning (i.e., the heart sits obliquely in the mediastinum) (79), the cardiac volume is realigned
to present a standard orthogonal heart orientation for its main axes. Therefore, the planes in
SPECT or Gated-SPECT studies of the myocardium have a different designation: horizontal long
axis, HLA (transaxial plane), vertical long axis, VLA (sagittal plane) and short axis, SA (coronal
plane) (Figure 6) (10).

Horizontal long-axis (transaxial) views allow visualization of the lateral wall, septum, and apex of
the LV myocardium, as well as the free wall of the right ventricle. Vertical long axis views allow
visualization of the anterior wall, apex, and inferior wall of the LV myocardium. The short axis
allows imaging of the anterior, lateral, inferior wall and septum of the LV myocardium (Figure 6)
(10,79).
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Figure 6: Standard SPECT imaging display. A - The short-axis images represent a portion of the anterior,
lateral, inferior, and septal walls. B - Vertical long-axis images represent the anterior wall, apex, and

inferior wall. C - Horizontal long-axis images represent the septum, apex, and lateral walls.

(Adapted from: (78))
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Figure 7: Cardiac plane definition and display for tomographic imaging modalities

(Adapted from: (80))

To obtain SPECT images, it is necessary to acquire a complete set of images around the patient,
without any temporal modification. The axis is then well defined (parallel to the patient's
longitudinal axis) and there is a rotation of the gantry and the tomographic projections are
acquired according to a rotation arc of 360° of the detector for tomographic studies of the body
and 180° for cardiac studies (79,81,82).
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The simplest configuration of a SPECT system involves only one detector, but by increasing the
number of detectors, it is possible to improve the sensitivity of the system, as this is approximately
proportional to the number of detectors (81). Subsequent data acquisition can be carried out in
two ways, which differ in the configuration of the movement of the detectors: continuous
acquisition (where data is acquired as the detectors rotate continuously around the patient) or
step by step (gradual, also referred to as such as step and shoot), where the detector stops at
different angular positions during the period in which data is collected, this being preferable in

cases of unstable patients (83,84).

422 Gamma Cameras

Gamma Camera (GC) detects and allows determining the spatial origin of gamma rays emitted
by radiopharmaceuticals administered to the patient, allowing an image to be obtained, through
which it is possible to distinguish the areas of highest and lowest concentration of gamma rays,
called “hot spots” and “cold spots” (85) (Figure 8). This type of equipment consists in a set of
planar detectors, normally two coupled to a gantry, allowing the simultaneous acquisition of
different plans of a specific region of the human body. In CG, besides the electronic mechanism,
each detector consists in a collimator, a scintillation crystal, a light guide, and photomultiplier tubes
(75,76,86) (Figure 9).
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Figure 8: Schematic diagram of a conventional gamma camera used in SPECT.

(Adapted from:(75))
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Figure 9: Schematic of a gamma camera detector

(Adapted from: (87))

A collimator consists of a plate made of lead, composed of a network of holes, in order to allow
photons coming from a certain direction to pass to the scintillator crystal, with all remaining
photons being absorbed by the lead walls (septal walls) constituents of the holes. When
interacting with the scintillation crystal, usually sodium iodide activated with thallium (Nal (TI)
photons are absorbed, releasing an electron that passes through the crystal (79,88). Then the
scintillation phenomenon occurs, when the electrons release their energy into photons in the
visible light spectrum. The scintillation crystal converts high-energy photons into low-energy
photons, which are then forwarded through the light guide to the Photomultiplier Tubes (PMTs),
which allow the light signal (incoming photons) to be converted into an electrical signal
(photoelectrons) with measurable magnitude, enabling the quantification of the energy deposited
(89,90). Each PMT, a vacuum-sealed glass tube, contains an entrance window, photocathode,
focusing electrode, dynodes (electron multipliers) and anode. Thus, the light emitted by the
scintillation crystal, when passing through the input window, will excite the electrons in the
photocathode, emitting photoelectrons, which are accelerated and focused by the focusing
electrode in the first dynode, where they multiply repeatedly in the successive dynodes, due to
the secondary electron emission. After passing through the last dynode, the electrons generated
there are collected by the anode, generating an electrical signal at the output of the PMT
(85,87,89) (Figure 10).
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Figure 10: Schematic diagram of a scintillation detector comprising a scintillation material coupled to a
photomultiplier tube.

(Adapted from: (91))

17



The photomultiplier tubes are coupled to the scintillation crystal, allowing the interaction of each

gamma photon in the crystal causes each PMT to register a given intensity of light.

The energy deposited by the photon incident on the crystal is proportional to the sum of all output
pulses from the PMTs, which has 3 components: X and Y (spatial location of the scintillation) and
Z (energy deposited in the crystal by gamma ray). Considering the collimation process, it is
expected that only the photons emitted perpendicular to the GC field of view interact with the
crystal, however during SPECT, there is interaction of photons with the medium, which can suffer
Compton dispersion and loss of energy, which leads to a change in the trajectory of the photons,

not reflecting their origin (85,89).

It is necessary discriminate the photons incident on the crystal, which is possible by passing the
Z signal through a Pulse-Height Analyzer (PHA). The PHA checks whether the photon energy is
within the energy range acceptable, defined by the characteristic energy window of each
radionuclide. In the final image it’s only consider the Z pulses of events occurring with an energy
within of the considered window, registering the detection of a gamma ray, with its location being

determined by the X and Y components of the signal (82,86,89).

In a selection of a radiation detector for NM imaging, it is necessary to consider several properties
such as (78,89):

» Detection Efficiency — Sensitivity (rate of events recorded per unit of time and per unit of
radioactive concentration);

= Dead Time Response - Temporal Resolution (time required for the detector to process an
individual event);

= Spatial Resolution (the number of picture element (pixel) used in construction of the
image)

= Energy Resolution (measure of the detector's ability to distinguish two very close energy

values)

4.2.3 Radiopharmaceuticals

Radiopharmaceuticals, fundamental basis of NM, are chemical substances labelled with
radioactive isotopes that have physiological or biochemical affinity with structures of the human
body, since the physiological vector corresponds to an organic molecule recognized by the
organism, as it is like some substance processed by the organ or tissue that is intended to be
studied.(10,92). The radionuclide is responsible for the emission radiation resulting from the
radioactive decay process, in the case of SPECT, in the form of gamma radiation. A part of this
radiation will be detected outside the body and will allow images to be obtained of organs or
tissues (75,79,92).
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Radiopharmaceuticals can be classified into perfusion radiopharmaceuticals and specific
radiopharmaceuticals. Perfusion radiopharmaceuticals are transported through the bloodstream
to the target organ, while specific radiopharmaceuticals contain a biologically active molecule,

with the purpose to bind to cellular receptors (93).

The radiopharmaceutical to be administered depends on the study to be carried out and certain
characteristics must be considered. The half-life time (T112) is defined as the time after which the
activity of the isotope becomes half of the value of the initial activity (94,95). Ideally, the value
should be as small as possible, but still enable the correct biodistribution of the
radiopharmaceutical and a quantity of detected photons favourable to minimizing image
acquisition time, without compromising the minimum clinical image quality (93,96) The energy
and type of emission are also factors to consider, and radionuclides that emit a or B particles
should not be used for diagnostic purposes, due to the damage they cause to biological tissues
(95,97). Therefore, the radiopharmaceutical must contain radionuclides that emit y rays, with
energies between 50 and 300 keV, since below 50 keV y rays are absorbed by the tissue and are
not detected, and above 300 keV effective collimation may not be possible. achieved with

traditional collimators, compromising image quality (78,94,96).

Radionuclides used in Nuclear Medicine for diagnosis and therapy are artificially produced in
reactors or particle accelerators. They may also be accessible through radioisotope generators
(82,92).

There are several radiopharmaceuticals that emit y radiation. Table 5 shows the more commonly

used radionuclides in SPECT studies.

Table 5: Radionuclides used in SPECT imaging. min, minutes; h, hours; d, days; y, years. EC, electron

capture; IT, isomeric transition; b+, positron decay; B, beta decay

(Adapted from: (98))

Energy” (keV)

Radionuclides Ty, Decay Eg+ Ep E,

SPECT *°™Tc 6.01 h IT, B 140
1231 13.22 h EC, B’ 159

n 2.80 d EC 245

Hy 8.02d B 606 364

1251 59.40 d EC 27

Most of radiopharmaceuticals used in conventional nuclear medicine are compounds labelled with
99mTe, since GC are optimized for the physical properties of this radionuclide and it can bind to
different substrates or ligands, through a complexation reaction, creating radiopharmaceuticals

with affinity for different organs, systems, or receptors in the body (10,92).
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The 9mTc radionuclide is obtained from the radioactive decay of another radionuclide,
molybdenum-99 (parent radionuclide), and can be easily made available, in the hospital
environment, from 9°Mo-mTc generators (92,99). Approximately 87.5% of the %Mo atoms in a

sample disintegrate through the emission of B~ radiation and origin 9mTc (92).

The half-life time of %°™Tc, approximately 6,02 hours, is sufficient for the entire process inherent
to its preparation, administration, and acquisition of the SPECT image, and simultaneously allows
the patient's exposure time to radiation to be minimized (92,93). °*"Tc emits y photons with
adequate energy for detection (140 keV), which are easily collimated and allow obtaining images
with better spatial resolution (82,92,93,96).

Therefore, 99mTc was the radionuclide most used in this MPS study.

4.3 Myocardial Perfusion Scintigraphy

4.3.1 Background

Myocardial perfusion scintigraphy (MPS) is a well-established imaging method, using a Single
Photon Emission Computed Tomography (SPECT) and is synchronized with the
electrocardiogram (Gated) signal (3,4,10). MPS was developed in the 1970s and has been used

increasingly in clinical cardiology since the 1980s (3).

Myocardial perfusion scintigraphy, also known as myocardial perfusion imaging or nuclear stress
test, is a non-invasive diagnostic imaging technique frequently used to evaluate blood flow to the
heart muscle (myocardium) and stratify the risk of CAD (3,4,16,33).

4.3.2 Patient Preparation

To these procedures, certain factors or conditions may interfere with or affect the results of the
exams. Therefore, the participants need to fulfii some pre-requisites to perform this exam.
Patients should have nothing orally (expect oral medication or minimum amount of water),
depending in the exam beginning time, to prevent gut activity that may interfere with the evaluation
of the inferior wall of the left ventricle (LV), vomiting and possible aspiration, particularly in the
context of pharmacological overload tests, particularly with vasodilating agents (e.g. adenosine).
Patients should wear comfortable clothing for the exercise portion of the exam. Medications that
contain methylxanthines or caffeine and food beverage with caffeine must be avoided for 12-24
hours if vasodilator stress test is anticipated. Before imaging, metal or other potential attenuators
must be removed if they project on the imaging field to avoid attenuation artifacts. If the study is
being done for primary diagnosis of CAD, certain cardiac medication such as nitroglycerine or -

blockers must be avoided to increase the sensitivity (33,54).
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4.3.3 Protocol

This medical procedure employs technetium radiopharmaceuticals. The exam can be execute in

1 or 2 days, and both phases can be carried out in first or second (3,4) (Figure 11).
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Figure 11: One (A) and two (B) day rest-stress Tc99m imaging protocols.

(Adapted from: (4))

In rest phase, the relative regional distribution of perfusion can be assessed The
radiopharmaceutical is administered to the patient and after an approximately 30-60 minutes, the

SPECT images are obtained (100).

In the stress phase, the patient is asked to walk or run on a treadmill to study the physiological
significance of coronary artery diseases by inducing heterogeneity in coronary flow. Resting
coronary flow is maintained until there is an approximately 90% reduction of coronary arterial flow.
However, the ability to maintain the maximum flow (termed coronary flow reserve) is impaired with
approximately 50% coronary stenosis. An increase in coronary flow can be achieved by increased
oxygen demand with exercise (treadmill or bicycle), B-adrenergic agonist (dobutamine) or by
direct vasodilator (adenosine, dipyridamole) (33,101). The patient’s heart rate and blood pressure
are monitored during this phase of the test. The diagnostic accuracy of the examination is
dependent on the ability of the patient to exercise to induce maximum vasodilatation, a frequently
used index, to determine if the patient has exercised adequately to attain his target heart rate
(THR). THR is 85% of the predicted maximum heart rate (PMHR) where PMHR=(220-age) beat
per minute (33). This is followed by an intravenous injection of radiopharmaceutical. After

approximately 30-60 minutes, the SPECT images are obtained (101,102).

Currently, most stress MPS is performed with ECG-gated SPECT for evaluation of both

myocardial perfusion and cardiac function simultaneously.
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Several stress techniques are available, but the exercise stress test is the preferred method
because it provides several important prognostic data in addition to increasing coronary blood
flow (33,101,103).

The three most used radiopharmaceuticals for myocardial perfusion scintigraphy (MPS) are
thallium-201 (2°'Tl) and the technetium-99m (°*™Tc) labelled compounds, sestamibi and
tetrofosmin (33,82,99).

According to the previous information, depending on the clinical question, the imaging protocol
may be a one-day stress-only study (one acquisition) or either a two-day imaging protocol or a
one-day stress-first protocol (each involving two acquisitions) (104). Moreover, if a patient has a
large body size, this can result in a higher proportion of emitted photons being attenuated within
the patient. Therefore, clinical MPS protocols should consider the patient’s weight or body mass
index (BMI) (101,105).

The optimal amount of activity to be administered to the single patient is determined taking the
above variables into account. Therefore, the recommended activities, per single scan, according
to the American Society of Nuclear Cardiology (ASNC), may range from 148 MBq (stress-only
protocol, BMI = 25 kg/m?2) to 1332 MBq (second injection in a one-day stress/rest protocol, BMI
= 35 kg/m?), resulting in effective doses of between 1.0 mSv and 10.5 mSv (4). When rest and
stress studies are both performed on the same day, the MPS dose may be as low as 4.5 mSv in
subjects with BMI = 25 kg/m2, providing the recommended procedure is followed and new
technologies are employed. Conversely, the patient dose can reach 13.5 mSv in subjects with a
BMI = 35 kg/m? (4).

Before the images are interpreted, the data should be reviewed for artifacts due to attenuation or
zones of unexpected increased activity that may alter the appearance of the myocardium. In the
absence of artifacts, the images are evaluated for areas of decreased radiopharmaceutical
concentration in the stress or rest images and for changes in regional count density when gated
data are recorded (100,103,106). Zones of myocardium with tracer concentration below normal
with injection at rest are usually associated with myocardial scar, but fixed defects with uptake
greater than 50% of normal regions are often viable. Defects seen at stress that improve on the

resting study are usually due to ischemia. (33,100).

The examination report for each patient must contain the information about the condition of the
patient at the time of injection should include the type of stress (e.g., treadmill or bicycle), exercise
level achieved, heart rate, blood pressure, symptoms, brief description of the electrocardiogram
at rest, and changes induced by stress. The duration of exercise should also be stated. With
pharmacologic stress, the type, dose of drug, duration of infusion and symptoms, heart rate, blood
pressure, and ECG changes should be noted. Information about the distribution of
radiopharmaceutical should include the site and extent of reduced perfusion, the likely coronary
vessel involved, and the relationship of regional wall thickening to abnormal perfusion
(3,16,54,100).
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5. Image Quality

5.1 Image quality characterization

Image quality can be defined as the attribute of the image that influences the clinician's certainty
to perceive the appropriate diagnostic features from the image visually. Specifically in NM, image
quality is related to the GC's ability to distinguish anatomical structures with differences in
radiopharmaceutical uptake. Therefore, after the reconstruction process, the aim is to obtain
SPECT images representing the 3D distribution of radioactivity in each volume of tissue that are

as reliable as possible, to achieve absolute quantification (107,108).

Image quality in NM can be evaluated using objective and subjective methods. Qualitative
assessment involves a visual interpretation, for example, to evaluate the spatial resolution of the
image, depending on the skill/lexperience of the observer, as well as the complexity of the human
visual system, meaning it is a subjective method of characterizing image quality. On the other
hand, quantitative image assessment encompasses objective methods of characterizing its
quality, as it is based on measurements of physical characteristics such as, for example, contrast,

noise, and spatial resolution (108-110).

The parameters used to characterize image quality are closely related to each other, as the
improvement of one often leads to the deterioration of another. In this way, a compromise must
be sought between all of them. (111,112).

In this specific study, three fundamental parameters for characterizing SPECT image quality were

analysed:

=  Spatial Resolution
= Noise

= Contrast

5.1.1 Spatial Resolution

Spatial resolution refers to the minimum distance between two-point sources so that they are
observed as distinct points in the image (110). The digital medical image is a function f (x, y) in
grey level scale partitioned into spatial coordinates that can be represented by a matrix, whose

row and column indices identify an image point (pixel) (69,110).

A region of interest (ROI) is a portion of an image that you want to filter or operate on in some
way. ROI represents as a binary mask image. In the mask image, pixels that belong to the ROI
are set to 1 and pixels outside the ROI are set to 0 (113,114).
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The construction of these ROI allows us to identify the number of pixels counts in the interest area
and the standard deviation values. With these data it is possible to calculate the image quality

parameters highlighted above (10,113).

5.1.2 Noise

NM images are subject to statistical noise, arising from the random nature of the radioactive decay
process that causes statistical variations in the observed count rate (115). The average
percentage of noise in a SPECT image is usually calculated by the ratio between the standard
deviation and the average value of the counts in the sample of interest (Equation (1)) and, to be
clinically meaningful, the noise in the reconstructed image must be less than 33% (116,117). Noise
in the SPECT image depends on several factors, such as acquisition time, number of projections,

matrix size, GC sensitivity, radiopharmaceutical, as well as the dose administered (115).

Standard DeviationpMyocardium

% Noise = x 100 (1)

Average Countymyocardium

5.1.3 Contrast

Contrast is the differences in intensity between different regions of the image, corresponding to
different concentrations of activity in the patient's body. Therefore, to obtain better contrast levels,
it is essential to use radiopharmaceuticals that result in the highest uptake ratio between the lesion
and the background, that is, the highest concentration ratio between them. Thus, the choice of
radiopharmaceutical appears to be a relevant factor regarding contrast values, which is why
different radiopharmaceuticals are used depending on the objective of the study, as they have
their own properties that determine the affinity with certain structures of the body (110,111).
Quantitatively, the contrast of a SPECT image can be defined as the ratio between the difference

of the average counts from the region of interest with background (Equation (3)). (111,116,117).

Average CountMyocardium— Average CountBackgmund

Contrast = (2)

Average Countpgckground

5.2 Factors that influence image quality

The SPECT image acquisition and formation processes are exposed to several factors, leading
to image degradation, which cause distortion of the acquired data and, consequently, impair
image quality, as well as absolute quantification (118). The factors that influence image quality

can be divided, according to their nature:
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= Instrumental factors: Sources of image degradation are related to the performance of

detection systems. The uniformity of the GC response and those associated specifically
with the detector stand out, such as detection efficiency (sensitivity), spatial resolution,
dead time, counts and acquisition orbits. Parameters such as sensitivity and resolution
are mostly defined by the collimator, which must be appropriate to the object under study.
For example, a high-resolution collimator is suitable for acquiring small structures or those
close to organs with high uptake, promoting greater precision. The image quality is also
dependent on the size of the selected matrix and the number of projections, which must
cover the entire region of interest and must be at least equal to the size of the matrix
(117).

= Physiological factors: SPECT images can be affected by factors inherent to the

radiopharmaceutical and the patient, given that the dose fraction administered to a given
organ and the attenuation suffered by the photons before reaching the detector influence
the counting statistics, which is an important factor in the quality and image quantification,
representative of the information available. Characteristics relatable with the
radiopharmaceutical, such as its specificity, biokinetics and administered dose, are
related to the image quality, since the contrast depends on the spatial distribution of
radioactivity within the area of interest, and this distribution depends on the rate of uptake,
metabolism and physical half-life of the radionuclide (111,117). During acquisition, the
patient's movements, whether voluntary or involuntary (cardiac and respiratory), interfere
with the quality of the data obtained, degrading the spatial resolution, and causing
artifacts such as, for example, the partial volume effect, resulting in blurring of the image
object study and the blurring of contours. Regarding the patient, it is necessary to take
their anatomy into account, as the size and geometry of organs and tissues influence the
dispersion and attenuation of photons (119). Since SPECT image quality is dependent
on count statistics, acquisition time is an extremely important parameter, directly related
to the patient's tolerance, in order to avoid motion artifacts (10,119).

= Physical factors: Gamma photons, emitted from the patient's body, are subject to various
interactions with the surrounding environment, both with the body's own tissues and with
GC detectors. This interaction, between the emitted radiation and the matter, can lead
the photon to deviate from its initial trajectory or even prevent it from interacting with the
scintillation crystal and, consequently, contributing to the formation of the image. The
physical phenomena with the greatest influence on SPECT image quality are attenuation,
Compton effect and statistical noise resulting from the independent and random
processes of radioactive decay and photonic interactions, which leads to inaccuracies in

activity estimates (10,116).

For this study, we will evaluate and analyse in more detail the physiological factors inherent
to the patient, such as the patients' voluntary and involuntary movements, and the possible

causes of these phenomena, such as anxiety, which is described in the next chapter.
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6. Anxiety
6.1 Background

Anxiety, from the Latin “anxietatis”, is an emotional reaction and generally adaptive feeling that

occurs when there is a perceived threat to physical and/or psychological integrity. (120,121).

Anxiety levels out of proportion can be very upsetting, as it leads to psychological reactions, such
as apprehension, insecurity, anguish, sense of threat, fear, decreased perception of self-efficacy,
discomfort, and irritability. (27,122).

High anxiety levels also result in adverse physiological manifestations such as increased blood
pressure, heart rate, blood oxygen, and blood cortisol levels and decreased immune response,
enhancing the risk of infection (27,121-124).

6.2 Neurobiological mechanisms of anxiety

Anxiety and vigilance states are regulated by neural networks involving multiple brain regions
(122,125,126).

The limbic system is a complex set of structures that involves the hippocampus, the amygdala
and thalamus (Figure 12) (126—129).
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Figure 12: Anatomical illustration of important areas of the limbic system

(Adapted from: (126))

The Papez circuit, first proposed by James Papez in 1937, is a major pathway of the limbic system
and is believed to be involved in our emotional processing (126,129). According to Papez,
thalamus is receiving emotional stimuli and sends it to other parts such as the hypothalamus and

the cingulate cortex that provides “emotional experience”.
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The cingulate cortex sends some information about emotional stimuli to the hippocampus and
then to the hypothalamus that is responsible for providing emotional responses (Figure 13)
(126,129,130).
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Figure 13: The neural structure of the Papez circuit

(Adapted from:(130))

Anxiety is characterized by a variety of neuroendocrine, neurotransmitter, and neuroanatomical
disruptions. (122). Nevertheless, being able to functionally identify the most relevant differences
is complicated due to the high degree of interconnectivity between the circuits (Figure 14),
containing neurotransmitters and neuropeptides in the limbic, brain stem and higher cortical areas
of the brain. (122,125,126). In addition, it is also important to consider the neurotransmitters
providing communication between these brain regions. Increased activity in emotion-processing
brain regions in patients who have anxiety could result from decreased inhibitory signalling by g-

amino-butyric-acid (GABA) or increased excitatory neurotransmission by glutamate. (122).
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Figure 14: Schematic view of the major anterior neuronal circuits (fronto-temporal connectivity) of the

limbic system mostly connected to the frontal and temporal cortices.
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6.3 Measurement parameters to anxiety

6.3.1 Psychological parameters

STAI:

Different instruments are used to measure anxiety. The STAI is one of the most psychological
instrument use diagnose anxiety (131-137). The STAI inventory appeared in 1970 and was

authored by Spielberger, Gorsuch and Lushene (138).

Although the STAI was developed at an early stage to assess anxiety in healthy adults, it is
increasingly becoming an anxiety measurement tool that can be used in a medical setting and by
patients undergoing imaging procedures (120,138-141). STAI is intended to obtain accurate

measurements of state and trait anxiety in clinical and research settings.

In STAI, Form Y consists of two twenty-item scales that assess state anxiety and trait anxiety. All
items are rated on a 4-point scale (e.g., from “Almost Never” to “Almost Always”). The range of
possible scores for form Y of the STAI varies from a minimum score of 20 to a maximum score of
80 on both the STAI-S and STAI-T subscales. STAI scores are commonly classified as “no or low
anxiety” (20-37), “moderate anxiety” (38-44), and “high anxiety” (45-80) (142).

According to the patient's needs, the technician carrying out these exams can choose to use only
the STAI-S (Form Y-1), with questions only to state anxiety or the STAI-T (Form Y-2) only for trait
anxiety (138,143,144). The relationship between self-efficacy and anxiety and general distress in
caregivers of people with advanced cancer. (144).The STAI is appropriate for those who have at

least a sixth grade reading level.

VAS:

A Visual Analogue Scale (VAS) is one of the pain rating scales used for the first time in 1921 by
Hayes and Patterson (145). It is often used in epidemiologic and clinical research to measure the
intensity or frequency of various symptoms. For example, the amount of pain that a patient feels
ranges across a continuum from none to an extreme amount of pain. From the patient's
perspective, this spectrum appears continuous; their pain does not take discrete jumps, as a
categorization of none, mild, moderate, and severe would suggest. It was to capture this idea of

an underlying continuum that the VAS was devised. (146).

VAS has been widely used in diverse adult populations for example; those with rheumatic

diseases, patients with chronic pain, cancer (147), or cases with allergic rhinitis (146).
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In addition to rating pain, it has been used to evaluate mood (148) appetite, asthma, dyspepsia,
and ambulation (145), and it can be used as a simple, valid, and effective tool to assess disease
control (146,147).

VAS normally consists of only 1 item and can be presented in several ways, including (145,146):

= Numerical rating scales: scales with a middle point, graduations, or numbers.
= Curvilinear analogy scales: meter-shaped scales.

= "Box-scales": circles equidistant from each other (one of which the subject must mark).

Although the VAS Scale was created to assess pain, other studies have shown that it can be

adapted and is a quick, reliable method for assessing anxiety (149-151).

In this adaptation of the VAS, the scale is also just one-item and classified according to 0 “Nothing
anxious” to 10 “Extremely anxious”. VAS scores are commonly classified as “None anxiety” (0),
“Mild” (1-4), “Mild-Moderate” (5), “Moderate” (6-7), “Moderate high” (8-9) and “High” (10) (152).

6.3.2 Anxiety Biomarker: Cortisol

Cortisol structure

Due to the ambiguity of the diagnosis and many underdiagnosed patients, many studies used
laboratory tests that could facilitate the diagnosis of anxiety in clinical practice and would allow
for the earliest possible implementation of appropriate treatment. Such potential biomarkers may

also be useable in monitoring the efficacy of pharmacological therapy for anxiety disorders (153).

One of the most important steroid hormones with a significant effect on body human metabolism
is Cortisol (C21H300s) (Figure 15) (122,154,155).

Figure 15: Cortisol structure

(Adapted from: (156))
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Cortisol is a glucocorticoid produced by the adrenal cortex, mainly in the second half of the night,
with the highest levels between 7 a.m. and 8 a.m. During the day, cortisol drops significantly and,
in the evening, only about 10% of the morning cortisol remains in the body. Moreover, salivary

cortisol differs with age and sex (24).

Table 6: Male and female salivary cortisol levels in different age-groups. All means (m) are adjusted for
differences in age and proportions are standardized for age. A-cortisol - logarithmic morning salivary

cortisol — logarithmic evening saliva cortisol. Cortisol concentrations in nmol/L.

(Adapted from: (24))

Morning cortisol Evening cortisol A-cortisol
Age-group n m ql-q3 P n m ql—q3 P n m ql—q3 p
Women
30-39 242 12.4 9.0-17.0 ref. 242 1.7 1.0-3.0 ref. 242 5.8 37-10.0 ref.
4049 291 12.4 B.0-19.0 0.892 291 22 20-30 0.834 291 5.7 37-%.0 0.768
50-59 146 1.6 8.7-15.2 0.260 146 25 2.0-30 0.030 146 47 3.0-80 0.005
60-69 107 127 10.0-18 0732 107 27 2040 0.004 107 47 33-75 0.015
=70 52 15.1 9.2-19.8 0.029 52 36 2060 <0.001 52 41 2390 0.004
<50 533 12.4 9.0-18.0 ref. 533 212 1.4-3.0 ref. 533 5.8 37-9.5 ref.
=50 305 125 9.0-18.0 0.773 305 27 2030 <0.001 305 46  3.0-80 <0.001
Men
30-39 254 10.4 7.0-15.0 ref. 254 20 1.0-3.0 ref. 254 53 3.5-9.0 ref.
40-49 276 10.6 8.0-15.0 0.634 276 22 20-30 o.101 276 49 30-80 0.288
50-59 141 1.8 8.0-18.0 0.030 141 24 2030 0.007 141 5.0 3.0-80 0.460
60-69 106 12.5 B.0-17.3 0.006 106 25 20-30 0.001 106 49 33-76 0.459
=70 56 123 9.0-16.8 0.049 56 29 2040 <0.001 56 42 3.0-65 0.040
<50 530 10.5 7.0-15.0 ref. 530 21 1.0-3.0 ref. 530 5.1 33-85 ref.
=50 303 121 8.0-18.0 0.001 303 25 2030 <0.001 303 48 30-77 0.305

When human body is exposed to mental or physical stress, the adrenal glands produce increased
amounts of cortisol. (153,154,157). The fluctuations in cortisol secretion activates metabolism,
which provides the body with energy (e.g., by releasing glucose into the blood) and changes the
conditions of mental reactions (by enhancing the action of other “stress hormones” such as

adrenaline and noradrenaline. (154,157-162).

In short, cortisol secretion usually accompanies psychiatric disorders, and its normalization
correlates with improvements in the patient's health, showing that can be useful as a biological
marker to determine anxiety. (125,154,155,158,161,163).

Cortisol measurement: ELISA technique

For a quantitative measurement of cortisol, ELISA is a widely used technique (164). ELISA (which
stands for enzyme-linked immunosorbent assay) detect the presence of antigens in biological
samples. An ELISA, like other types of immunoassays, relies on antibodies to detect a target

antigen using highly specific antibody-antigen interactions (165).
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There are four major types of ELISA:

= Direct ELISA (antigen-coated plate; screening antibody)
= Indirect ELISA (antigen-coated plate; screening antigen/antibody)
= Sandwich ELISA (antibody-coated plate; screening antigen)

= Competitive ELISA (screening antibody)

The competitive ELISA was the technique we used in this specific study. Therefore, | will only
detail this type of ELISA. Competitive ELISAs are commonly used for small molecules, when the
protein of interest is too small to efficiently sandwich with two antibodies. They use two specific
antibodies, an enzyme-conjugated antibody, and another antibody present in the test serum (if
the serum is positive). Combining the two antibodies into the wells will allow for competition for
binding to antigens. The presence of a colour change means that the test is negative because
the enzyme-conjugated antibody bound the antigens (not the antibodies of the test serum). The
absence of colour indicates a positive test and the presence of antibodies in the test serum (Figure
16) (166). The competitive ELISA has a low specificity and cannot be used in dilute samples.
However, the benefits are that there is less sample purification needed, it can measure a large
range of antigens in a given sample, it can be used for small antigens, and it has low variability
(167).

Competitive ELISA

PTG / RV
Y et ? o

@ Wells are pre-coated @ Capture antibody, @Analyte and @ Enzymatic color reaction is
with secondary enzyme-conjugated analyte enzyme-conjugated proportional to bound
antibody and sample are added analyte compete for conjugate

binding

Figure 16: Competitive ELISA procedure.

(Adapted from: (167))

6.4 Influence of anxiety in medical imaging

Extreme levels of anxiety cause a high social and functional impact, with important implications
for quality of life (168). Anxiety related to medical imaging exams is a well-recognized

phenomenon.
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Despite technological advancements, medical imaging procedures often induce patients™ high

levels of anxiety due to several factors (13,14,25,169):

= The possibility of diagnosing a life-threatening iliness

= First-time patients’ examination

= Body position during the image acquisition

= Patients’ concerns with the examination result, diagnosis, and potential changes in
treatment plans

= Claustrophobia

= Lack of understanding about the procedure

= Difficulties in communicating or comprehending during the examination

= The overall length of the procedure

= The use of ionizing radiation and patients’ concerns about radiation exposure.

= Previous negative experiences

= High intensity of the acoustic noise

With patients experiencing anxiety during these types of medical procedures, patients' voluntary
and involuntary movements increase and in turn, cause a negative impact on image quality, more
specifically, the difficulty in remaining still increases the likelihood of artefact appearance, leading
to misinterpretation of the image and/or the need to repeat the exam. This situation will extend
the patient's stay in the medical department and alter the medical service's normal flow (70).
Given the cost and growing number of medical imaging procedures, preventing anxiety and its
adverse effects is essential for patients and helps conserve staff time and resources (124,170—-
172).
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7. Musical Intervention

Several non-pharmacological strategies have been introduced before and during imaging
procedures to minimise patient anxiety, such as meditation, massage, aromatherapy, hypnosis,

and the use of music (17-20).

Music therapy is a type of therapy in which the well-being patient’s development as the bond that
forms between the patients and the therapist can grow quickly through musical interactions in NM
environment. The definition of music intervention is unclear (173-176), although it can be divided
into music therapy and music medicine. The first one referred to the psychotherapeutic use of
music and required the presence of a trained therapist providing diverse personalised music
experiences, such as listening to live, songwriting, and composing music (177). In music
medicine, patients passively listen to pre-recorded music recommended by health professionals
to address physiological or psychological needs (172). Also, (178) adheres to the following
definition: “Music therapy is the professional use of music and its elements as an intervention in
medical, educational, and everyday environments with individuals, groups, families, or
communities who seek to optimize their quality of life and improve their physical, social,
communicative, emotional, intellectual, and spiritual health and wellbeing. Research, practice,
education, and clinical training in music therapy are based on professional standards according

to cultural, social, and political contexts”. (178)

Musical intervention is a reliable, painless, low-cost and without side effects non-pharmacological
strategy (21,22). It can help maximize efforts to promote the patient’s comfort and has been
highly researched in numerous treatment areas of the hospital setting to study the effects on
socio-emotional health (179,180). The technician uses musical improvisation, listening to music,
composition of music and any other type of musical interaction to support and achieve positive
changes in the patient's mood, psychological state, perceived pain and social interaction with
others (172,179,181).

There are many approaches and sound repertories that technicians used during these medical
procedures. Normally the researches use specific music genre such as jazz, pop, classical, etc.,
(131,132,136,182,183), sounds of nature (26,135,137,184,185) that are effective in patient’s

relaxation.

Additionally, the technical characteristics in musical intervention such as the music volume, time
length, musical frequency, sound equipment and media, can be changed and adjusted to ensure

better effectiveness of the intervention that the patient is exposed to (26,131-137,182—186).

To date, several systematic reviews have been conducted concerning the effect of music on
diverse clinical settings and populations. Remarkably, there are systematic reviews analysing the
effect of music on pain and anxiety in medical procedures (175), in surgery (187), in burn patients
during treatment procedures (188) and in children undergoing invasive surgery (180) or medical

procedures (189).
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Others systematic reviews focused on the impact of music on anxiety during pregnancy (190) on
anxiety in general, discomfort, pain, heart rate and blood pressure in patients undergoing
percutaneous coronary procedures (191), on postoperative recovery in adults (192), on
psychological and physical outcomes in people with cancer (176) and on anxiety, depression, and

quality of life of cancer patients undergoing chemotherapy (193).

Since patients' attention on aspects such as procedure time or symptoms can be diverted as they
focus on the music (23), musical intervention can serve as a cognitive distraction technique,
redirecting individuals' attention away from anxious thoughts and promoting a sense of calm
(22,194).

Furthermore, several musical interventions in clinical services have induced reductions in heart
rate, blood pressure (22,176,195), respiratory rate (176,195,196), pain (187,195,197) anxiety
(22,187,195-199) , stress hormone levels (195) and increase patient satisfaction (200,201) and
in time spent in the recommended heart rate intensity in patient stroke survivors with low gait
functioning (202).

Researchers had shown that listening to music with slow-tempo and low-pitched music can induce
a relaxation response and decrease anxiety levels since the rhythm and tempo of the music

gradually slow down, synchronizing with the individual's breathing and heart rate (23,203-207).

Listening to preferred or personally meaningful music can divert attention and provide a positive
focus, reducing anxiety levels (21,197,208). Many studies investigated the effects of patients-
selected music on anxiety levels and found significant reductions in anxiety among individuals
with high trait anxiety (170,194,209-211). Other researchers also showed that when patients are
allowed to choose the music they listen to during medical procedures, the effectiveness of the

intervention enhances observed the viability of music interventions (170).

This highlights the need for these interventions in medical imaging services, since the patient,
feeling more relaxed and less anxious, reduces voluntary and involuntary movements during
image acquisition and, in turn, prevent the risk of artifacts in the images and its repetition.
(26,70,212-214).
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8. Methods
8.1 Study Protocol

By clinical indication, we performed an MPS, 1-day protocol, rest (R)-stress(S), in the NM

department and " TcTetrofosmin was used as a radiopharmaceutical (Figure 17).

Inject Te-99m Inject Tc-99m
Rest Stress

TO T1 @5 T2 T3 ﬁ T4 T5

-

ISD—GGmmules Rest Imaging | Stress | 15-45 minutes | Stress Imagmgl Review ‘

I 2 days before

Time —

Figure 17: Steps of 1-day protocol for MPS exams.

The sample of patients was assessed in sociodemographic, psychological, physiological, and
biochemical measures. The measurements were applied at 6 different times in MPS exam (Figure
17):

= TO: two days before the examination

= T1: when patients arrive at the NM department
= T2: before the rest image acquisition

= T3: after the rest image acquisition

= T4: before stress image acquisition

= T5: after stress image acquisition

Two studies were carried out in the project with distinct main objectives:

= Cross-sectional study: Analysis of the influence of anxiety on image quality.

= Pilot Study: Analysis of the influence of a musical intervention on participants’ anxiety.

This study had to be carried out in three different NM clinic services:

=  HPA- Hospital Particular de Almada | NuclearMed, NM service 1
= Joaquim Chaves Saude - Clinica de Miraflores | NM service 2
= HSM - Hospital Santa Maria | NM service 3
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Data collection and exams from participants corresponding to the 2 studies were carried out at:

= Cross-sectional study: NM service 1

= Pilot study: NM service 2 and NM service 3

8.2Sample

8.2.1 Sample information

The project was carried out with a total of n=97 participants, within each study:

= CSS (n=63);
= PSS (n=34): NM service 2 (n=23), NM service 3 (n=11)

When recruiting participants for the study there are several steps to follow and information to
convey to participants. Adult patients, who perform 1-day protocol, rest-stress MPS at NM service
was invited to participate in the study. After giving their informed consent (APPENDIX 1), all

patients who accept participation were included in the study.

To record data from the included sample, a database was created in Excel for the insertion of
patient contacts, with the respective associated codes to be placed in the questionnaires and

recorded data, to guarantee their anonymity.

8.2.2 Participants Recruitment

The type of patient recruitment depended on the type of study being carried out:

i.  Cross-Sectional study:

To recruit patients for the study, it is necessary to contact them before they arrive at the hospital.

In the pre-examination phase, there are 2 moments of communication with the patient:

= 1st contact: Introduction to the study;

= 2nd contact: 4 working days after sending the letter;
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1st contact: Introduction to the study

We contacted the participant to explain the detailed process of the study in question. As such, the

following information was given to the patient:

Personal presentation:

Name;

Professional regime;

Study institution;

Make the patient aware that their information was taken from the hospital database due

to clinical indication, to carry out this study in myocardial perfusion scintigraphy exams.

Detailed presentation of the study following the information:

Main objective: Perform myocardial perfusion scintigraphy examination with the main
objective of understanding how patients' anxiety can influence the results;
Explain the exam: Myocardial perfusion scintigraphy is an exam to diagnose heart
disease and prevent its development and will be carried out in two phases: study of the
myocardium at rest and study of the myocardium under stress;
Explain arrival at the hospital:

+  Referring the patient to a room;

+  Filling out forms during the exam, in different moments;

+  Blood pressure, heart rate and oximeter measurements;

+  Salivary Cortisol tests;

¢ Radiopharmaceutical administration: substance that does not harm and helps to
obtain images of the myocardium. Explain it will take an average of 20 minutes for the
image acquisition;

¢ In the stress phase, the procedure will be the same, however, before acquiring
the images, the patient will perform a stress test;

¢ Explain that the patient have to remain around 6 hours in the NM department.

Inform you of the future calls that participants will receive to help with the pre-exam

process and adjust availability with the participant.

2nd contact: 4 days after sending the letter

We contact the participant to:

Confirm reception of the letter with the 2 forms (Socio-Demographic and Cardiac Anxiety),
the consent and the salivette;
Remember the participant to fill out the forms and read the informed consent;

Remind you about the saliva test and give the necessary instructions:
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Do not eat anything 1 hour before the test, do not brush the teeth 15 minutes before
taking the exam, gargle your mouth with water;

To carry out the test, open the blue lid of the salivette and after washing the hands, place
the sponge in the tube inside the mouth. Wait 2 to 3 minutes without biting or chewing the
sponge;

After carrying out the test, store it in the refrigerator and take it to the hospital on the day
of the exam.

Remember the exam date and remind the patient to take with him:

Forms completed, informed consent and saliva test performed;

Health system card, medications, previous heart tests, request for the test with clinical
information.

Remember that the patient:

Can’t eat, drink or smoke 4 hours before the exam;

24 hours before without food or drinks containing coffee, chocolate, tea, decaffeinated

drinks, Coca-Cola, ice-tea, and other similar drinks.

Pilot Study:

Due to service constraints in this study, patient recruitment was only possible after their entry into

the NM service. At T2, the study was explained, the patient accepted to participate and

subsequently the analysis of parameters began.

8.2.3 Inclusion and Exclusion criteria

For this study we use different criteria to define the type of sample of participants we intended to

have.
Inclusion Criteria:

= Patients with 218 years older;

= Patients with clinical indication for MPS in the NM department from October 2022 to June

2023;

= Patients that will perform a 1-day protocol, rest (R)-stress (S).
Exclusion criteria:

= Difficulty or inability to communicate;

» Visual or audio-visual difficulties;

= Being a foreigner and not speaking, reading, or writing the Portuguese language;
= Patients undergoing 2-day protocol or 1-day protocol — starting with stress study;

= Patients without access to internet or internet navigation technologies.

38



8.3 Measurement parameters

The sample of patients was assessed in sociodemographic, psychological, physiological, and
biochemical measures. For each study, some measurement parameters were carried out at

different moments during the examination:

= Cross-sectional study:
- Socio-demographics parameters: TO or T1;
- Psychological parameters: STAI-S: T1 and T5; VAS: T1,T2,T3,T4 and T5
- Biochemical parameters: TO, T1, T2 and T3
- Physiological parameters: T1, T2, T3, T4 and T5
= Pilot study:
- Socio-demographics parameters: T2;
- Psychological parameters: STAI-S: T2 and T5; VAS: T2,T3,T4 and T5
- Biochemical parameters: T2 and T3

- Physiological parameters: T2, T3, T4 and T5

8.3.1 Socio-demographic parameters

Each patient was given a form with sociodemographic parameters. It contained questions about
age, gender, educational qualifications, occupation, and previous medical imaging exams. The
form filled out by the participants are present in APPENDIX 2.

For a more detailed analysis of the patient's socio-demographic parameters, each patient's
medical reports were accessed to consult clinical information about the number of CVRFs that
patient had and their types, the amount of medication each patient take and information about the
medication therapeutic group.

After collecting the participants' socio-demographic data, these were statistically analysed.

8.3.2 Psychological parameters

For analysed psychological measures we use in this study two different measuring instruments:

State-Trait Anxiety Inventory form (STAI) and Visual analogue scale (VAS).

STAI-S

For this specific study we use the STAI-S, only with 20 items for assessing state anxiety.
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All items were rated on a 4-point scale (from “Almost Never” to “Almost Always”) and the final
score was evaluated on a scale of 20-80. The questions 1,2,5,8,10,11,15,16,19,20 were inverted
to obtain a correct score value for each participant so that their data can later be treated

statistically). The form filled out by the participants are present in APPENDIX 3.

During the examination, for the Cross-sectional study sample, we used this measuring instrument
at moments T1 and T5. Due to changes and impossibilities in services, for the sample of

participants in the Pilot study we used this measurement at moments T2 and T5.

VAS

In this specific study we use the VAS to analyse the anxiety of the patients during the procedure.
There are different ways of using VAS, among them are numerical rating scales, curvilinear
analogy scales, meter-shaped scales and "Box-scales". For this study we use a VAS numerical
scale, with 1 item rating from 0 to 10. The form filled out by the participants are present in
APPENDIX 4.

During the examination, for the Cross-sectional study sample, we used this measuring instrument
from moment T1 to moment T5. Due to changes and impossibilities in services, for the sample of

participants in the Pilot study we used this measurement from the moment T2 to moment T5.

8.3.3 Biochemical parameters

Data analysis and cortisol measurement were carried out at ESTeSL. In this study we use as a
biochemical marker to anxiety in clinical practice we use a Salivary Cortisol Test. There are
several brands of salivettes available to analyse cortisol. In this study we used salivettes from the

SARSTEDT laboratory. Figure 18 shows the characteristics of the salivettes used.

Figure 18: Salivette structure and Information. The salivette contains, a blue lid, a paper label: white/blue
and a roll of synthetic fibers for determining cortisol from saliva.

(Adapted from: (164))
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The cortisol test for the Cross-sectional study sample was collected at TO, T1, T2 and T3, and so,
each participant performed a total of 4 saliva tests during the exam. For the Pilot study, the sample
was carried out at T2 and T3, and therefore, each participant performed 2 saliva tests during the
exam. In both samples patients place the sponge found inside the salivette in their mouth for
around 3 minutes without chewing or swallowing and then it is placed back in the tube (Figure

19). The tube was subsequently centrifuged and stored at -20°C until dosing.

Figure 19: Hygienic collection of saliva samples for diagnosis and therapeutic control.

(Adapted from: (164))

Cortisol analysis was subsequently executed in a laboratory at the Escola Superior de Tecnologia
da Saude de Lisboa. A variety of ELISA kit formats are available. For this study we used the
Cortisol Competitive Human ELISA Kit (Figure 20). Cortisol measurement was carried out on

three different days, since there were many samples, and it was necessary to use 3 Cortisol Kits.

Figure 20: Cortisol Competitive ELISA Kit.

(Adapted from:(164))
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This assay is designed to detect and quantify the level of cortisol in serum, plasma (EDTA and
heparin), dried fecal extracts, urine, saliva, or tissue culture medium. Total cortisol is measured in
extracted samples, serum, and plasma; while free cortisol is measured in urine, and saliva. The
assay was validated with samples from human but is expected to measure cortisol in samples

from other species.

The Cortisol Kit includes a 96-well plate and other components described in Table 7.

Table 7: Contents and storage from ELISA Kit

(Adapted from: (215)

Components - Quantity
Cortisol Standard; 32,000 pg/mL cortisol in a special stabilizing solution - 125 L
Assay Buffer Concentrate (5X] 28 mL
Clear 96-well Plate, 96-well strip-well plate; goat anti-mouse IgG coated 7 1 plate
Cortisol Antibody 3mL
Cortisol Conjugate 3mL
Dissociation Reagent V 1mL
Wash Buffer Concentrate (20X) 7 30 mL
TMB [Tetramethylbenzidine) Substrate . 11 mL
Stop Solution; contains 1 M HCL, CAUSTIC V 5mL
Plate Sealer - 1

This Kit can be used to carry out different protocols, depending on what we want to isolate. We

used the protocol for the saliva sample type, following the next steps (164):

= Prepare 1x Wash Buffer:
1. Dilute 15 mL of Wash Solution Concentrate (20X) with 285 mL of deionized or
distilled water. Label as 1X Wash Buffer;
2. Store the concentrate and 1X Wash Buffer in the refrigerator. Use the diluted
buffer within 3 months.
= Prepare 1X Assay Buffer:
1. Dilute 14 mL of Assay Buffer (5X) with 56 mL of deionized or distilled water. Label
as 1X Assay Buffer;
2. Store the concentrate and 1X Assay Buffer in the refrigerator. 1X Assay Buffer is
stable at 4°C for 3 months.
= Prepare Samples: Dilute samples =1:4 with 1X Assay Buffer
= Dilute standards:
1. Add 50 pL Cortisol Standard to one tube containing 450 uL 1X Assay Buffer and
label as 3,200 pg/mL cortisol;
2. Add 250 pL 1X Assay Buffer to each of 7 tubes labelled as follows: 1,600; 800;
400; 200; 100; 50; and 0 pg/mL cortisol;

3. Make serial dilutions of the standard and mix thoroughly between steps.
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50 pL 250 L 250 pL 250 pL 250 L 250 L 250 HL

[N VNN

Diluent

Volume 450 ML 250 uL 250 pL 250 yL 250 L 250 L. 250 L 250 pL

Std1 Std2 Std3 Std4 Std5 Stdé  Std7  Std8
3,200 pg/mL 1,600 pg/mL BOO pg/mL 400 pg/mL 200 pg/mL 100 pg/imL 50 pg/mL 0 pg/mL

Figure 21: Diagram of the dilutions of the standards.

(Adapted from: (164))

= Bind antigen:

Add 50 uL of standards or samples to the appropriate wells;

Add 75 pL 1X Assay Buffer into wells for detecting non-specific binding (NSB);
Add 25 L of Cortisol Conjugate to each well;

Add 25 L of Cortisol Antibody to each well except NSB wells;

Tap the side of the plate to mix. Cover the plate with plate sealer and incubate for

o > 0D =

1 hour at room temperature with shaking;
6. Thoroughly aspirate the solution and wash wells 4 times with 300 pL of 1X Wash
Buffer.
= Add chromogen:
1. Add 100 yL TMB Substrate to each well. The substrate solution will begin to turn
blue;
2. Incubate for 30 minutes at room temperature.
= Add stop solution: Add 50 L Stop Solution to each well. Tap side of the plate gently to
mix. The solution in the wells changes from blue to yellow;

= Read the absorbance at 450 nm within 10 minutes after adding the Stop Solution.

With the values from the absorbance, we generate the standard curve and calculate cortisol
concentrations. As three cortisol kits were used, it was necessary to create three distinct standard

curves to calculate cortisol concentrations.

For each calibration curve, standard reading values were observed and adjusted according to the

range of concentrations close to the expected concentration in the sample of interest.

To create the calibration curve, an f (X, y) graphic was used. The x values represent
1/Absorbances of each reading of the standards and y values the concentrations obtained from

the dilution of the standards (Figure 21).
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With the graph, it is possible to plot the standard curve and obtain its 2nd degree equation, from
which the concentration can be calculated (Equation (4)) and the coefficient of determination, or
R?, that provides information about the statistical measure and of how well the regression line
approximates from the actual data.

y=ax?—bx+c (3)

In the samples of interest, the absorbance was transformed into 1/Absorbance. With these new
values, it was possible to replace x in the 2nd degree equation and obtain y values. Since the
sample was diluted 1:4 during the procedure, the y values are multiplied by 4 to obtain the

intended concentration values.

In literature, the most common units for cortisol concentrations are nmol/L (24,154,156,157,163).
Therefore, since the concentrations we obtained through the graph were in pg/mL and the cortisol
molar mass is 362.46 g/mol (216), it was also necessary to convert the concentration units using

the following equations:

Cortisol Concentration (i—}) = Cortisol Concentration (pg/mL) x 107° (4)

Cortisol Concentration (g/L) (5)
362,46

Cortisol Concentration (mol/L) =

Cortisol Concentration (nmol/L) = Cortisol Concentration (mol/L) x 10° (6)

As explained in before, cortisol levels during the day drops significantly and, in the evening, only
about 10% of the morning cortisol remains in the body. Moreover, salivary cortisol differs with age

and sex (24). We use Table 6 as a literature reference to cortisol concentrations.

The cortisol concentrations obtained were compared with each other, at different moments of the

exam (TO, T1, T2 and T3), to understand their changes during the exam.
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8.3.4 Physiological parameters

In addition to psychological and biochemical parameters, data on the patient's physiological

parameters were collected. 4 different physiological parameters were used:

= Blood pressure (Sbp e Dpb mmHg)
= Heart rate (beats per min)
= Respiratory rate (breaths per minute)

= Blood Oxygen Levels (SpO2%)

i. Blood pressure (Sbp e Dpb mmHg)

The measurements were acquired using the BBPM 4541W and HEM 742INT equipment, existing

in the three services where the study was carried out. The main characteristics of the equipment

are presented in Table 8. During the study, to Cross-sectional study the measurements were taken

from the moment T1 to T5. To Pilot study sample, the measurements were taken from T2 to T5.

Table 8: Blood pressure equipments specifications

HEM 742INT

Equipment specifications BBPM 4541W
Typology Wrist Blood Pressure Monitors
Sbp (mmHg) 60-260
Dbp (mmHg) 40-199
Arrhythmias detector Yes
Heart rate (beats per min) 40-180
Circumference range (cm) 14 x 19.5

14.6 x 44.6 (Tube = 60)

Arm Blood Pressure Monitors

It is recommended that BP be classified, and hypertension graded as follows (Table 1):

= Optimal - SBP <120 mmHg and DBP <80 mmHg

= Normal - SBP 120-129 mmHg and/or DBP 80-84 mmHg

= High normal - SBP 130-139 mmHg and/or DBP 85-89 mmHg

= Grade 1 - SBP 140-159 mmHg and/or DBP 90-99 mmHg

= Grade 2 - SBP 160-179 mmHg and/or DBP 100-109 mmHg

= Grade 3 - SBP 2180 mmHg and/or DBP 2110 mmHg

= Isolated systemic hypertension - SBP 2140 mmHg and DBP <90 mmHg

The participants' blood pressure data was collected and subsequently statistically analysed.

45



ii. Heartrate (beats per min)

During the study, to Cross-sectional study the measurements were taken from the moment T1 to
T5. To Pilot study sample, the measurements were taken from T2 to T5. The measurements were
acquired using the BBPM 4541W and HEM 742INT equipment, existing in the three services
where the study was carried out. The main characteristics of the equipment are presented in Table
2) (47).

The participants' heart rate data was collected and subsequently statistically analysed.

iii. Respiratory rate (breaths per minute)

During the study, to Cross-sectional study the measurements were taken from the moment T1 to
T5. To Pilot study sample, the measurements were taken from T2 to T5. We used reference values
from the literature, which are present in the Table 3. After collecting data from participants, the

data were statistically analysed.

iv.  Blood Oxygen Levels (SpO:%)

During the study, to Cross-sectional study the measurements were taken from the moment T1 to
T5. To Pilot study sample, the measurements were taken from T2 to T5. We used reference values
from the literature, which are present in the Table 4 (50). After collecting data from participants,
the data were statistically analysed. The measurements were acquired using a fingertip pulse

oximeter.

The participants' blood oxygen levels data was collected and subsequently statistically analysed.

8.4Image acquisition characteristics

The myocardial images are obtained with the patient in the supine position, feet-first, head

supported and with the arms elevated above the head, with a belt placed around the waist. (12).

Each service had different image acquisition conditions. In Table 9 it is possible to observe the
acquisition characteristics used by NM service 1, where the data for the cross-sectional study

were collected, and NM service 2 and 3 where the data for the pilot study were collected.
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Table 9: Image acquisition characteristics used in the 3 NM services.

NM Service 1 NM Service 2 NM Service 3

Rest acquisition time (min) 18 18 6
Stress acquisition time (min) 18 18 3
Rest 99mTc activity (MBq) 400 400 400
Stress 99mTc activity (MBq) 1200 (three times more than the first injection)
Photopeaks (keV) 140 140 140
Matrix (pixel) 64 x 64 64 x 64 64 x 64

The studies were acquired using GE Infinia || (GE Healthcare), Discovery NM 530c and Siemens
Symbia , existing in the three NM services where data from participants were collected. The main

characteristics of the three pieces of equipment included in this study are presented in Table 10.

Table 10: Characteristics of the 3 gamma cameras used in the study.

.. . . Discove
Gamma Camera GE Infinia ll Siemens Symbia NM 5302’
N° of detectors 2 2 2
Detector material Sodium lodide Sodium lodide CZT
D L-mode, 180° L-mode, 180°
etector type 45°RAO—45°LPO  45°RAO—45°LPO  Steady
Crystal thickness (mm) 9.5 9.50r 15.9 5
PMTs (for detector) 59 59 59
FOV (cm) 54 x 40 53.3x38.7 -
Collimator type LEHR LEHR LEHR
Collimator design Hexagonal Other Other
8.5Image Quality

For image quality analysis, only resting images from the sample of Cross-sectional study
participants were analysed. To execute, we used the Xeleris 4.0 Processing and Review
Workstation Software| GE Healthcare (217) and specifically for this study, the EMORY TOOLBOX
tool. With Al.

To analyse the desired image quality parameters (Noise and Contrast), several steps were

followed in the procedure:

= Open Xeleris 4.0 and select ECTool Box;

= Enter the patient's ID number;

= Select the Rest studies images;

= Select “slash perfusion function” to 3 projections;
= Eliminate “contour”;

= Select tool “Auto-ROI” and threshold 4;

= Plot two ROIls, one for the zone of interest and one for the background;
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= Plot two ROI for each projection (short axis, long vertical axis and long horizontal axis);
= For each ROI, extract the average count and standard deviation values that are available

in the program tables

To analyse the number of patients movements during the imaging acquisition, other steps were
taken:

=  Open Xeleris 4.0 and select ECTool Box;
= Enter the patient's ID number;
= Select the Rest studies images;

=  Select “Motion correction”

The Figure 22 shows an example of the results obtained in the program, for the 3 projections of

the myocardium, with the ROI of the area of interest and the background already plotted.

), ®6,0,000000
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Figure 22: ROls to the zone of interest and background. Three myocardial projections of one patient.

8.5.1 Noise

The average percentage of noise was determined for each patient's projection, using the following

calculation for the data extracted from the program:

) OROI di
% Noise = ——X“=2 % 100 (7)
NROIMyocardium

The oROImyocardium @and NROImyocardium COrrespond, respectively, to the standard deviation and the

average value of the counts in the volume of interest (Myocardium).
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8.5.2 Contrast

The contrast of SPECT images was calculated through the following equation:

NROIMyocardium_ NROIBackground (8)

Contrast =
NROIBackground

The NROIwmyocardium correspond, respectively, the average value of the counts in the volume of
interest (Myocardium) and NROIsackground the average value of the counts in the background.

8.5.3 Number of movements

The number of patient movements was obtained from the Xeleris software, with the previous
procedure. In Figure 23 A), the data that the program provides after the search is represented.
For each patient, with the graph represented in Figure 23 B), the number of peaks is counted

(number of pixels) and for statistical analysis the movements were classified into two categories:

= Number of movements < 1 pixel: No statistically significant

= Number of movements 1-2 pixel: Statistically significant

Y Shifts (pixels)|

1.0

(pixels)

Y Shifts

8 10 20 30 40 50 60
Frame Number

Figure 23: Xeleris 4.0 Processing and Review Workstation Software| GE Healthcare data. A) “Motion

Correction” data of one participant; B) Number of movements in one participant.
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The number of movements data for each patient during rest image acquisition was statistically

analysed and correlated with other parameters.

8.6 Musical Intervention

The musical intervention was performed only for the Pilot study and during the rest image
acquisition. The intervention time depended on the image acquisition time but was approximately
15-20 min. The computer volume was converted to dB through the application “Decibel X" (218)

To this musical Intervention, we use as a sound equipment Headphones JBL Tune 670NC Noise

Cancelling Bluetooth - Blue. The general characteristics of the headphones are found in Table 11.

Table 11: Headphones equipment specifications

Equipment Headphones JBL Tune 670NC
Frequency 20Hz - 20kHz | BT: 2.4GHz — 2.4835GHz
Sensitivity 103.5dB SPL@ 1kHz 1mW | Microphone: -29dBV@1kHz/Pa
SPL 98 dB
Integrated Microphone Yes
Noise-Cancelling Yes

Before entering the room, the procedure was explained to patients, and they had the opportunity

to make their musical choice between 5 possible options:

i Headphones without music;

ii. Specific music theme: Debussy "La fille aux cheveux de lin"
iii. Specific music theme: Pachelbel - Canon In D Major
iv.  Sounds of nature: Wind sounds

V. Personal choice

In addition to choosing music, the participant can also choose the volume of the music and, later

during image acquisition, make changes if they feel discomfort.

8.6.1 Headphones without music

Noise suppression headphones block external noise to allow as little external noise as possible
reach the patient's ears and in turn cause discomfort (219,220).
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There are two types of noise cancellation used by these specific headphones:

= Active noise cancellation

= Passive noise cancellation

In active noise cancellation, there is a built-in hardware with a microphone that works as a filter.
This monitors noise from the outside environment and creates an anti-noise system using sound
waves created by the device itself. These waves copy the structure of the outside noise, acting

as a mirror, “reflecting” this external sound wave and cancelling it (219-221).

The participant, if they didn’t want to listen to music but still wanted to reduce the noise from the
outside environment, especially the noise coming from the gamma camera, could opt for this

choice.

8.6.2 Specific music themes

i Specific music theme: Debussy "La fille aux cheveux de lin"

ii. Specific music theme: Pachelbel - Canon In D Major

Specialist in electroacoustic music and immersive sound systems who belongs to the group of
this project chose these two themes to use in this musical intervention since, according to the
literature, this piece was previously associated with less stress levels, blood pressure, pulse, and

body temperature (222) and classical musical is effective for reduction anxiety levels(223,224).

8.6.3 Sounds of nature: Wind sounds

Specialist in electroacoustic music and immersive sound systems programmed a musical track

composed of different wind sounds.

8.6.4 Personal choice

Participants, doing a personal choice, could opt for any musical genre, sounds of nature, specific
music theme, only with the condition it was relaxing music and didn’t involve too many beats to
stimulate their movements. For the participant's personal choice, the Spotify Premium application
was used (225).
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8.7 Study dependent and independent variables

8.7.1 Independent Variables:

= GC equipment;
= Clinical indication to perform MPS Measures;
= Patient's age;
= Patient's gender;
= Patient's civil status;
= Patient's academic degree and occupation;
= Patient's previous exams;
= Physiological parameters:

i. Heartrate

ii. Blood pressure

iii. Oximetry

= Biochemical parameters: Salivary cortisol levels

8.7.2 Dependent Variables:

= Patients Anxiety;

= Number of artifacts visualized in the image;
= Noise;

= Contrast;

= Number of patients movements;

= Musical interventions

8.8 Statistical Analysis

The statistical software SPSS V26.0 for Windows was used for data analysis. For sample
characterization, frequency analysis (n, %) was used for qualitative data and quantitative data,
central tendency measures of location (mean and median), and absolute measures of dispersion
(standard deviation, interquartile range). Multilevel regression analysis was used to identify the
determinants of anxiety in patients undergoing myocardial perfusion scintigraphy and its influence
on image quality. Bland Altman analysis assessed the quality of the models obtained. To compare
the anxiety levels across the 5 measurements, repeated measures ANOVA was used. To assess

the influence of anxiety on image quality Poisson or Negative Binomial regression was used.

The study was approved by the ESTeSL Ethics Committee, with the following reference
IPL/2022/CPMeAQI_ESTeSL. All patients agreed to be included in the study, through oral and
written informed consent APPENDIX 1.
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9. Results

9.1 Introduction

Three phases were carried out in the project, the first phase referring to the analysis of the Cross-
sectional study, the second phase the analysis of the Pilot study and the third phase the

comparison between these two studies.

The two studies are composed by a heterogeneous sample of participants. The sample of
participants in the Cross-sectional study represents 64.9% of all participants and participants in
the Pilot study group represent 35.1% (Figure 24). Table 12 shows the ages of the participants in
the two studies based on data from APPENDIX 5 and APPENDIX 17.

Sample

= Cross-Sectional
Study

Pilot Study

Figure 24: Number of participants (%) in Cross-sectional study and Pilot study.

Table 12: Minimum, maximum, and mean of participants age in the Cross-sectional study and Pilot study.

Age Minimum Maximum Mean
Cross-sectional study 37 88 67
Pilot study 34 84 64

In this chapter the results were analysed according to the three phases of the study. In the different
sections, psychological, biological, physiological, and sociodemographic measurement
parameters will be analysed. Image quality analysis was performed only for the Cross-sectional

study and is therefore found in section 8.1.
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9.2 Cross-sectional study

9.2.1 Sociodemographic parameters

The Cross-sectional study consists of a total of 63 participants. Data was collected from
participants in NM service 1. In the first phase of the Cross-sectional study, the sociodemographic
data of the sample of participants was analysed. Table 13 shows the distribution of patient ages
according to the gender of participants represented in Figure 25. The data were taken from the
APPENDIX 5.

Table 13: Different ages groups with number of male and female participants

[30-39] [40-49] [50-59]  [60-69] [70-79] [80-89] Total
Male 0 2 5 9 13 6 35
Female 2 1 3 7 14 1 28

Gender vs Age

Sample 35 28 1
61
o [70-79] TI3T DA
(o) 9
< [50-50] B® Male
2 ® Female
[30-39] B
0 20 40 60 80

Number of Participants

Figure 25: Distribution of female and male participants in different age groups.

We found that there are a total of 35 men and 28 women in the sample, the majority of whom are
aged between 70 and 79 years old.

Then it was checked whether participants had already undergone other medical imaging exams
prior to this one and compared them with the gender of the sample Figure 26. The data was taken
from the APPENDIX 5.
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Participants gender vs prior imaging exams
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Figure 26: Comparation between participants gender by carry out previous imaging exams.

We found that a larger sample of participants had previously undergone exams (n=33) than those

who had not yet (n=30). In both situations, the number of male participants was higher.

Of the participants who had already taken imaging exams, we checked the distribution of the
degree of difficulty that each participant classified in their previous experiences, with 0 being
considered as “Very difficult” and 10 as “Very easy”. The data was taken from APPENDIX 5. and
are represented in Figure 27.

Participant experience of previous Participant experience of
Imaging exams previous imaging exams (%)
1
10 3
o 10
£ 12% 4
= 25% 3%
3 6
c o 5
g, 6%
2 9 3%
3 o2
0 — 21% 21%
0 5 10 6% 6

Number of participants
7

Figure 27: Different levels of previous exams difficulty and the number of participants.

We found that the rating option 10 “Very easy” was the most chosen by participants (25%) and
most participants rated previous exams with values higher than 5, thus showing that participants

had a positive experience in previous exams of medical imaging.

The study initially intended to understand whether the participant having already worked in the

health sector was a significant factor in their anxiety during the exam.
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As in the total sample, only one participant worked in the area, it was not considering a significant

value to carry out comparative tests with anxiety factors.

The number of risk factors for cardiovascular diseases that each patient had was analysed. The
number of risk factors for each patient varied from 0 to a maximum of 5 risk factors that the patient
had, that is, participants could have more than one risk factor recorded in their medical report.
There was also a percentage of participants without information in their medical reports about the
number of CVRFs or their type. Information on the number of risk factors for each participant and
their types can be found in Figure 28, based on data in APPENDIX 5.

Sample with CVRFs (%) Types of CVRFs
35 33.3% 80 o

30 50 46%

25 22.2% 40

Number of participants (%)
o

Number of participants (%)

9]

19% 19%
20

30 25.4%
15

20

12.7%
10 ; 9 5%
4.8% 16%
6% 0
0
0 1 ‘5

@\A@\%\
<V

Number of CVRFs O‘\EJ\\Q e

Figure 28: Number of CVRFs and its types compared with number of participants in each.

We observed from Figure 28 that in most participants did show any associated cardiovascular
risk factors (33.3%). To the participants who had CVRFs, 22.2% had 3 cardiovascular risk factors.
Furthermore, we found that for the participants with associated CVRFs, 54% had BPH and 46%
Dyslipedemia. The risk factor FHH (family health history) was only presented by one participant,
corresponding to 1.6% of the total sample.

The following Figure 29 refers to the patients' medication. It shows the number of medications the
patients were taking and the therapeutic groups to which this medication belonged. The number
of patients for each condition is presented in (%).
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Number of different medication Medication terapeutic group

that each participant take
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Figure 29: Number of different medication and its types comparing with the number of participants in each.

We see that from Figure 29 most participants (33.3%) didn’t contain information about their
medication in the clinical report. Of those who presented clinical information, 22.2% were taking
1 type of medication or 2 different types of medication for cardiovascular diseases. Of the
participants taking medication, 33.3% needed to take ACE type medication and 30.2% needed
BB type medication. Only 11.1% of participants were taking ARBs type medications and 33.3% of
participants were unable to verify whether they needed medication as this information was not

available in their report.

9.2.2 Psychological parameters: STAI

The STAI-S, as verified in the literature, is a test that is directly related to anxiety. Higher scores
obtained in these exams are related to higher levels of anxiety that the patient feels in the moment.
The different STAI score values of the participants across the 2 measurement moments for this
sample were represented in Figure 30 based on data from APPENDIX 6.
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STAI-S scores for each measurement moment
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Figure 30: STAI-S scores do different exam moments.

In the figure above, we represent the STAI-S values per moment through a boxplot. For each
moment, the minimum, average and maximum value of the participants' score was obtained and
the values of Q1 (middle number between the smallest number minimum; 25% of the data is
below this point) and Q3 (middle value between the median and the maximum of the data set;
75% of the data lies below this point. We found for T1 that the average score was approximately
41.3, with a minimum value of 29 and a maximum of 57. For T5 we observed an average score
of 37, a maximum score of 47 and a minimum of 21. Comparing the times, we can observe that

there is a decrease in scores from T1 to T5 and thus a decrease in anxiety between moments.

Comparing the average scores with the reference score classifications (State and Trait Anxiety
Scores of Patients Receiving Intravitreal Injections) we found that for time T1 the average score

is classified as “moderate anxiety” and for T5 as “no or low anxiety”).

As STAI scores are higher at T1 than at TS5 and, considering the objective of the study to
understand the influence of anxiety on patients during MPS exams, the correlation of STAI
psychological data with the patients' socio-demographic parameters will be only referring to

moment T1. Furthermore, we will only use average values of the scores at T1.

1. STAI-S and Gender

Firstly, we intend to check whether there is any relationship between the anxiety parameters and
the gender of the participants. The results are shown in the following Figure 31 based on data
from APPENDIX 5, APPENDIX 6 and APPENDIX 7.
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STAI-S scores vs Gender
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Figure 31: STAI-S scores comparing with participant’s gender.

We observe that the average score for men was approximately 38, with a minimum score of 30
and a maximum of 57. For women, we observed an average score of 43, a maximum score of 52
and a minimum of 29. Comparing the times, we can see that although women had lower maximum
scores than men, it was the gender that presented higher STAI-S scores in medicine and, in turn,

higher anxiety values at T1.

2. STAI-S and prior imaging exams

For a more detailed analysis of anxiety in sociodemographic factors, we also considered the factor
of participants having already undergone other imaging exams (Figure 32) based on data from

APPENDIX 5,APPENDIX 6, APPENDIX 7.

STAI-S scores with prior imaging exams
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Figure 32: STAI-S scores compared with participants prior imaging exams.
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We can see from the graph above that either the participants who had already undergone medical
imaging exams or the participants who had never undergone one, presented an average score
value of 40, classified as “moderate anxiety” and thus none of the groups presented anxiety

values superior compared to the other.

3. STAI-S and academic degree

Anxiety values, as the literature proves (226) are associated with participants' lack of knowledge.
In this way, we created a comparative graph between mean STAI-S values and the patients’
educational qualifications (Figure 33). The results are based on data from APPENDIX 5 and
APPENDIX 6.

STAI-S scores vs academic degree
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Figure 33: STAI-S scores with participants habilitation.

Consider the graph above, for participants without educational qualifications the average STAI-S
score was 45, for participants with ninth grade the score was 40 and for participants who had
secondary education the score was 38. In the sample there was only 1 participant with secondary
education, and none had a bachelor's degree, master's degree or PhD, so these data were not
considered in the statistical analysis. We therefore observed that the participants' score increases
the lower the patients' educational qualifications, and therefore, patients with less education

presented higher anxiety values.
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4. STAI-S and CVRFs

In addition to these factors, the number of risk factors for cardiovascular diseases that each
patient has can be a factor influencing anxiety. Therefore, we also draw a graph that compares
these two parameters. To verify the relationship between patients' medication and the number of
CVRFs, we included in the graph below the number of medications from different therapeutic
groups that patients with different amounts of CVRFs have Figure 34.The results are based in
data from APPENDIX 5 and APPENDIX 6.

STAI-S scores compared with CVRFs and the number
of medication treatment groups
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Figure 34: STAI-S scores compared with CVRFs and medication treatment groups.

Observing the figure above, the average score for patients with O risk factors is 38, for patients
with 1 CRVFsi itis 41, for 2 it is 42, for 3 CRVFs 39 and for patients with 4 risk factors it is 34. We
found that up to 2 risk factors there is an increase in the STAI-S score and therefore an increase
in patients' anxiety according to the number of risk factors associated with them. The same did
not happen for patients with 3 risk factors and 4 CVRFs as they suffered a decrease in scores,
that is, a decrease in their anxiety. There was only 1 participant in the sample with 5 risk factors,
so these data were not considered in the statistical analysis. We also note from the graph above
that in relation to the number of different medications that patients take, patients with 3 CVRFs

are those with the most patients on two types of medication or 3 types of medication.
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9.23 Psychological parameters: VAS

The VAS, such as STAI-S, is a test related to anxiety and the increase in scores obtained are
related to higher levels of anxiety that the patient feels (150,151). All VAS results are based on
data from the APPENDIX 5, APPENDIX 8 and APPENDIX 9.

The Figure 35 represents the different VAS score values of the participants over the 5

measurement moments for this sample.

VAS scores for each measurement moment
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Figure 35: VAS scores for different exam moments.

The VAS was represented in different measuring moments. We verified for T1 that the average
score was approximately 5, with a minimum value of 0 and maximum of 10. For T2, an average
score of 4 was obtained, a minimum value of 0 and a maximum of 10. For T3, an average value
of 3, minimum value of 0 and maximum of 9. For T4 an average value of 4, minimum of 0 and
maximum of 10. Finally, for T5 we observed an average score of 2, a maximum score of 9 and a
minimum of 0. Comparing the time, we can observe that there is a decrease in scores from T1 to
T3 and thus a decrease in anxiety between moments. We also observed, comparing T1 with T5,
that there is a marked decrease in scores, that is, a decrease in patients' anxiety during the

examination period. From T3 to T4 we also saw an increase in patient scores.

Comparing the average scores with the reference score classifications (151,152) we found that
for time T1 the average score is classified as “Mild -Moderate”, and in the remaining times as
“Mild”.
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To compare VAS scores according to sociodemographic parameters, the same patient
parameters were considered as in the analysis with STAI-S and, as in this analysis, the analysis
of the correlation of VAS psychological data with sociodemographic parameters will only refer to
the moment T1 since it was the moment where he presented higher values of anxiety in patients
Figure 35.

1. VAS and Gender

Firstly, we intend to check whether there is any relationship between the VAS psychological
parameter and the gender of the participants to understand whether the gender of the participants

has an influence on their anxiety. The results are shown in the following Figure 36.

VAS scores vs Gender
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Figure 36: VAS scores with participant’s gender.

The average score for men was approximately 5, with a minimum score of 0 and a maximum of
10. For women we observed an average score of 6, a maximum score of 10 and a minimum of 1.
Comparing the times, we can see that the female gender presented, on average, higher VAS

scores and, in turn, higher anxiety values at T1.

2. VAS and prior imaging exams

For a more detailed analysis of anxiety in sociodemographic factors, we also considered the factor
of participants having already undergone other imaging exams. The graph is presented below
(Figure 37).
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VAS scores with prior imaging exams
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Figure 37: VAS scores compared with participants prior imaging exams.

We can see from the graph above that either the participants who had already undergone medical
imaging exams or the participants who had never undergone one, presented an average score
value of 5, classified as “Mild-moderate” and thus none of the groups presented values of higher

anxiety compared to the other.

3. VAS and Academic degree

VAS exam anxiety values, such as in STAI-S, may also be associated with participants' lack of
knowledge (226). Below is a comparative graph between average VAS values and the patients'

educational qualifications (Figure 38).
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Figure 38: VAS scores with participants academic degree
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We can see from the graph above that for participants without educational qualifications the
average VAS score was 4, for participants with ninth grade the score was 5 and for participants
who had secondary education the score was 4. In the sample there was only 1 participant with
secondary education, and none had a bachelor's degree, master's degree, or PhD, so these data
were not considered in the statistical analysis. We therefore observed that the participants' score
is higher in participants with “Ninth grade” and for participants without qualifications and with

secondary education they have a score of 4.

4. VAS and CVRFs

As the number of risk factors for cardiovascular diseases that each patient has can be a factor
influencing anxiety, it was important to understand their influence by comparing with the STAI
measurement but also with the VAS. Therefore, we also draw a graph that compares these two
parameters Figure 39. Furthermore, we also compared the influence of the number of
medications/participant ratio in participants with different amounts of CVRFs with this

psychological parameter.
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Figure 39: VAS scores compared with CVRFs and medication treatment groups.

The average score for patients with no risk factors is 5, for patients with 1 CVRFs it is 6, for 2 it is
5, for 3 it is 5, and for patients with 4 risk factors it is of 4. We found that up to 1 risk factor there
is an increase in the VAS score and therefore an increase in patients' anxiety according to the
number of risk factors associated with them. The same did not occur for patients with 2 risk factors
or more, since participants with 2 and 3 risk factors did not experience changes in scores and
participants with 4 risk factors had the lowest score. There was only 1 participant in the sample

with 5 risk factors, so these data were not considered in the statistical analysis.
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5. VAS and STAI-S correlation

To analyse the accuracy of both psychological parameters used, a comparison was made
between them to check whether they have a statistically significant correlation. In this way, we
use Pearson's correlation coefficient to measure the degree of correlation between the two

variables. The results are in Table 14 and Table 15.

Table 14: Correlation between STAI-S values and VAS values, for moment T1 in the Cross-sectional study

sample.
VAS T1
Pearson Correlation 341"
STAI-ST1 Sig. (2-tailed) 0.006
N 63

Table 15: Correlation between STAI-S values and VAS values, for moment T5 in the Cross-sectional study

sample.
VAS_T5
Pearson Correlation 430"
STAI-S_T5 Sig. (2-tailed) 0.000
N 63

Seeing the results, we found that for both T1 and T5 there is a statistically significant correlation
between the two psychological parameters. However, it should be noted that the two values are
not close to 1 (strong significant correlation between two variables), that is, in the results between

the two parameters there is a statistically significant correlation but of low intensity.

9.24 Biochemical parameters

1. Cortisol with measurement moments

Cortisol, as verified in the literature, is a biomarker of anxiety (153). Since some patients didn’t
do the saliva test properly, the sample of participants used to measure biochemical parameters
was reduced (n=47) due to the small amount of saliva we were able to collect from some

participants.
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The samples were measured on three different days and the concentrations were based on three
different calibration curves. All biochemical parameters results are in Figure 40 and were based
on data presented in APPENDIX 5, APPENDIX 10 and APPENDIX 12.
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Figure 40: Cortisol concentrations to different moments of exam.

We represented the values of cortisol concentrations in different measurement moments. We
found that for TO, carried out 2 days before the exam, the average concentration was
approximately 3.80, with a minimum value of 1.40 and a maximum of 8.78. For T1, an average
concentration of 4.65 was obtained, a minimum value of 1.22 and a maximum of 11.44. For T2
an average value of 4.34, minimum value of 0.39 and maximum of 11.23. For T3 an average value
of 3.05, minimum of 0.06 and maximum of 8.79. Comparing the times, we can observe that there
is a decrease in concentrations from T1 to T3 and thus a decrease in anxiety between moments.
We also observed that time TO compared to times T1 and T2 mostly has lower concentration
values. Therefore, knowing that according to the literature, cortisol concentration values vary
depending on an hourly interval, but that during 9am and 11am approximate values remain, we
draw the graph that compares the average value of concentrations in T1 within this interval and
outside this interval and the number of patients who had their appointment within this time

compared to the number of patients who were delayed in service.

Reference values are presented for morning cortisol concentrations and afternoon/evening
cortisol concentrations (24). As in our sample there are different appointment times for patients,
we checked how many patients had measurement times in the morning (before 1 p.m.) and in the

afternoon (after 1 p.m.) (Figure 41).
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Figure 41: Cortisol concentrations in different moments of the exam comparing the number of participants
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Figure 42: Comparison between collection time and cortisol concentrations, for each exam moment.

We observed from Figure 42 that most participants performed these 3 moments of the exam in
the morning.
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Also considering that there may be delays in the service throughout the exam, we then checked
for the different times of the exam, whether there are significant differences in cortisol
concentration Figure 42. We verified that for TO, T1 and T2 there are differences in cortisol
concentrations, but all measurements were carried out in the morning. For time T3, some
appointments have already been made in the afternoon. Checking the Figure 41 the number of
participants who underwent exams after 1pm in T3 was only 7, a low sample, so we do not

consider the concentrations of these participants to be statistically relevant.

2. Cortisol with Age and Gender

The correlation of cortisol biochemical data with the patients' socio-demographic parameters was
only related to the T1 moment. In addition to the factors analysed above, cortisol concentrations
also vary according to the participant's gender and age (24). Figure 43 and Figure 44 shows the

relationship of these factors.
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Figure 43: Cortisol concentrations in T1 comparing with participant’s gender.

Looking at Figure 43 we found that the average cortisol concentration for men was approximately
4.74 nmol/L, with a minimum value of 1.86 nmol/L and a maximum of 11.44 nmol/L. For women,
we observed an average concentration of 4.63 nmol/L, a maximum of 9.98 nmol/L and a minimum
of 1.97 nmol/L. Comparing the times we can see that the male gender was the one that presented,
on average, higher concentrations of cortisol, however, it is an average value very close to the

value obtained for the female sample.
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Cortisol concentrations vs Participant’s age
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Figure 44: Cortisol concentrations in T1 comparing with participant’'s age.

According to the literature, the average cortisol concentration for people under the age of 50 is
approximately 11 nmol/L and for people over the age of 50 itis 12noml/L. In Figure 44 we observe
that in our sample the concentration values were lower than the values reported in the literature
(24). Considering that there were low cortisol concentration values for the exam participants, we

did not compare this biochemical factor with any other sociodemographic factor.

3. Cortisol and psychological parameters

To study biochemical parameters more accurately, this parameter was correlated with the
psychological parameters, STAI-S and VAS. The data are presented in Table 16.

Table 16: Correlation between biochemical parameters and psychological parameters, in the Cross-

sectional study sample.

STALS T1 VAS_T2

Correlation Coefficient -0.187 0.019
Cortisol Sig. (2-tailed) 0.198 0.895
N 49 49

Observing the results, we verified that both in the comparison of biochemical parameters with the
psychological parameter STAI-S and in the comparison of biochemical parameters with the
psychological parameter VAS, there was no statistically significant correlation between these
meters (p=-0.187 and p=0.019, respectively).
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9.25 Physiological parameters

Physiological parameters are the last parameters to be evaluated in the Cross-sectional study

sample. These parameters were also measured throughout the 5 study moments. Blood pressure,

heart rate, breaths/min and SPO:% levels were used as physiological parameters. All
physiological parameters results were based on data from APPENDIX 5, APPENDIX 13 and
APPENDIX 14. With the statistical data presented in APPENDIX 14, the Figure 45 represents the

different physiological parameters throughout the 5 measurement moments for this sample.

Observing the results, we verified that both in the comparison of the biochemical parameters with

the STAI-S psychological parameter and in the comparison of the biochemical parameters with

the VAS psychological parameter, there was no statistically significant correlation between these

meters (p=-0.187 and p=0.019, respectively).
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Figure 45: Measurements of physiological parameters for different moments of the exam.
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Looking at the previous graphs, we found that the T1 time had an average blood pressure of
153/86 mmHg, an average heart rate of 67 beats/min, respiratory levels of 14 breaths/min and
SPO2% of 96%. For T2 a blood pressure of 153/84 mmHg, average heart rate of 67 beats/min,
respiratory levels of 13 breaths/min and SPO2% of 96%. For T3 a blood pressure of 149/78
mmHg, average heart rate of 67 beats/min, respiratory levels of 14 breaths/min and SPO2% of
97%. We noticed a marked change in T4 values where medical participants had a blood pressure
of 154/82 mmHg, average heart rate of 73 beats/min, respiratory levels of 16 breaths/min and
SPO2% of 95%. Finally, at T5, a blood pressure of 157/83 mmHg was observed, an average heart
rate of 70 beats/min, respiratory levels of 14 breaths/min and SPO2% of 97%.

As some physiological parameters are influenced by patients' sociodemographic factors, we
checked the relationship between heart rate and patient age and blood pressure with the number
of risk factors associated with patients. To this end, only the values obtained at T1 were

considered. The data are represented in Figure 46 and Figure 47.
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Figure 46: Hearts rate values comparing with participant’s age.

We verified from the results above that the heart rate undergoes some changes throughout the
sample, with its average being 68.05 beats/min, a minimum of 42 beats/min and a maximum of
101 beats/min. Comparing with the literature values present in the (47), we observed that in the
sample, for different ages of the participants, the average value is within the referenced normal

values (47).
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Figure 47: Blood pressure compared with CVRFs and the number of medication treatment group.

In the figure above, only blood pressure values above 130 mmHg were considered relevant since

values below this value are considered normal in the literature (45). Risk factors only equal to or

greater than 1 were also considered. We can see that in all blood pressure ranges there were

patients with associated CVRFs, thus worsening hypertension states as seen in (45).

To study physiological parameters more accurately and better understand their influence on

patients' anxiety levels throughout the exam, this parameter was correlated with the psychological

parameters, STAI-S and VAS, and with the biochemical parameter, cortisol. The data are

presented in Table 17.

Table 17: Statistic results to psychological, physiological, and biochemical parameters in Cross-sectional

study.
Sbp (mmHg) Dbp (mmHg) Beats/min Breaths/min _Sp02%

STAI-S  Correlation 0.126 0.197 0.064 0.069 -0.134

Coefficient

Sig. (2- 0.326 0.122 0.619 0.592 0.294

tailed)

N 63 63 63 63 63

VAS Correlation 0.005 0.049 0.007 0.143 -0.054

Coefficient

Sig. (2- 0.966 0.704 0.958 0.265 0.675

tailed)

N 63 63 63 63 63
Cortisol Correlation -0.093 -0.186 0.073 0.013 0.040

Coefficient

Sig. (2- 0.526 0.202 0.620 0.930 0.785

tailed)

N 49 49 49 49 49
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We observed from the table above that for both psychological and biochemical parameters, there
was no statistically significant correlation, thus showing that physiological factors are not directly
correlated with anxiety factors.

9.2.6 Image Quality

To analyse image quality parameters and the influence of anxiety on this, sociodemographic,

psychological, biochemical, and physiological parameters were used as measurements.

1. Image Quality and sociodemographic parameters
All results were based on data from APPENDIX 5, APPENDIX 15 and APPENDIX 16.

To analyse the image quality of the Cross-sectional study, we first checked the number of patient
movements according to socio-demographic parameters. We only use the parameters from
previous studies. Due to the low sample number for patients with movements between 1-2, only

the graph for the number of movements less than 1 pixel was presented (Figure 48).
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Figure 48: Participant’s previous imaging exams compared with number of movements <1.

We found that patients who had previously undergone imaging exams had a minimum number of
movements of 0, an average of 11 and a maximum number of movements of 22. For patients who
had never undergone medical imaging exams, the minimum value of movements was of 2, the

average number of 11 and a maximum number of 24.
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Although participants who had already taken the exam presented higher maximum values than

the remaining participants, the average number of movements is the same for both groups.

2. Number of movements and psychological parameters

The results were based on data from APPENDIX 6,APPENDIX 8, APPENDIX 15 and APPENDIX
16.

Subsequently, we compared the number of movements of the patients with the psychological
parameters STAI-S and VAS, for the T1 moment of the exam (Figure 49). The results were divided

according to graphs for movements less than 1 pixel and between 1-2 pixels.
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Figure 49: Patients movements <1 and between 1-2 compared with psychological parameters.

We found that, for patient movements of less than 0.5 pixel, although there is no statistical
significance, the number of movements increases according to the STAI-S psychological
parameter. In patient movements between 1-2 pixels, we also found that there is an increase in

the number of patient movements with both psychological parameters.
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3. Noise and psychological parameters

The results were based on data from APPENDIX 6,APPENDIX 8, APPENDIX 15 and APPENDIX
16. Next, we check the relationship between psychological parameters and image noise Figure

50.
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Figure 50: Comparison between Noise (%) and psychological parameters, for 3 heart projections, SA, VLA
and HLA.

We verified that for both psychological parameters, the three projections (SA, VLA and HLA)
presented similar results between them. However, comparing with the psychological parameter
scores, we did not find a significant relationship between the increase in STAI-S and VAS with the

increase in image noise.

For a better understanding of the results obtained for noise, the noise values in the reconstructed
image should be lower than 33%. We checked the noise values of our results for each projection

(SA, LVA and HLA). The results are presented in Figure 51.
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Figure 51: %Noise for the 3 different heart projections.
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We note from the graph above those the mean noise values were 31.94% for SA, 30.58% for VLA
and 30.39% for HLA. We found all values to be less than 33% and therefore, in agreement with
the literature (116,117) our results for mean noise in the reconstructed images are considered
acceptable.

4. Contrast and psychological parameters

The results were based on data from APPENDIX 6,APPENDIX 8, APPENDIX 15 and APPENDIX
16.

For contrast, we also checked its relationship with the biochemical parameters of the study. The

results are shown in Figure 52.
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Figure 52: Correlation between contrast and psychological parameters (STAI-S and VAS) to 3 different
heart projections, SA, VLA and HLA.

We verified that for both biochemical parameters, the three projections (SA, VLA and HLA)
presented similar results between them. However, comparing with the psychological parameter
scores, we did not find a significant relationship between the increase in STAI-S and VAS with the

change in contrast in the images.

Since the biochemical parameters underwent many concentration changes throughout the
examination due to their biochemical factors as well, these were not used in the image quality

analysis. This was followed for the analysis of image quality with physiological parameters.
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5. Image Quality and Physiological parameters

We then correlate image quality with physiological parameters (Table 18).

The results were based on data from APPENDIX 6,APPENDIX 8, APPENDIX 15 and APPENDIX

16.

Table 18: Statistic results to image quality compared with physiological parameters to Cross-sectional

study.

LHA: LHA: LVA: LVA: SA: SA: Ne of

%Noise Contrast %Noise Contrast %Noise Contrast movement

Coreaton 009 0.067 0.078 0120 0132 0082  0.118

Sbp(mmHg)  Sa 0945 0603 0547 0353 0305 0527  0.356
N 63 63 63 63 63 63 63

Coreaton 181 0.31 0.088 0034 0093 0107  -0.020

Dbp (mmHg)  Sa ' 0158 0311 0495 0793 0.473 0408 0875
N 63 63 63 63 63 63 63

Comelaton 300+ 0151 314 0063 281° 0174  -0.022

Beats/min  So . 0119 0240 0013 0624 0027 0177  0.864
N 63 63 63 63 63 63 63

Coreilon 0013 0.176 0060 0140 0072 0150  0.182

Breaths/min  So . 0923 0171 0642 0277 0580 0243  0.153
N 63 63 63 63 63 63 63

Coreaton 158 0,034 0.020 -0.145 0064 0051  -0.057

SPO6 - Se., 0220 0793 0875 0262 0.623 0692  0.656
N 63 63 63 63 63 63 63

We observed from the table above that when correlating the physiological parameters with the

image quality parameters we verified that there are statistically significant correlations between

the heart rate and the noise image quality parameters and the average counts of this, for the 3

projections, SA, LVA and LHA.
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9.3 Pilot Study

9.3.1 Measurement parameters

The Pilot study consists of a total of 34 participants. Data collection from participants was carried
out in NM service 2 and NM service 3. In the first phase of the Pilot study, the sociodemographic
and biochemical data of the sample of participants were analysed. In this study, the sample was
collected in two different NM services. Figure 53 shows the distribution of patients in the two

clinics. The results were based on data from APPENDIX 17.
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Figure 53: Participants distribution in NM services, for Pilot study.

The distribution of patient ages according to the gender of participants are represented in Figure
54.
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Figure 54: Participants gender distribution in different age groups.
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We found that there are a total of 18 men and 16 women in the sample, the majority of whom are

in the 60 to 69 age group.

Next, we analysed the sample according to biochemical parameters. The data on the different
concentrations for the different exam times were taken from the APPENDIX 11 and can be

observe in Figure 55.
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Figure 55: Cortisol concentrations in Pilot study sample to the two measurement moments in exam.

We found that the average cortisol concentration values for T2 were 7.65 nmol/L and for T3, 5.53

n/mol, thus there was a decrease in their concentrations throughout the rest phase of the exam.

9.3.2Musical Intervention

The musical intervention used in this Pilot study was collected during the acquisition of resting
images (1st images). Although the intervention procedure is the same for all participants, there
are factors that are the participant's choice throughout this study. Patients had the option to
choose their musical intervention from 5 possible options. The Figure 56 shows, for each option,

the number of participants who chose it. The results were based on data from APPENDIX 17.
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Figure 56: Different musical choices to compared with number of participants.
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We can see from the figure above that the musical intervention most chosen by the participants
was the specific theme "La fille aux cheveux de lin", a composition by Claude Debussy. The
second most chosen intervention was the other specific musical theme “Pachelbel D major”. The
intervention without music, just with headphones prepared for noise cancelling, was an option
that had no participants. The following graph shows the choice of musical intervention by age and

genre (Figure 57).
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Figure 57: Musical choice in different participant’s age groups.

We can see in the figure above that for the specific theme “la fille aux cheveux de lin”, participants
within the age range between 50 and 79 were the ones who most chose this theme. For the
specific theme “Pachelbel D major”, participants aged between 60 and 69 chose this theme more.
Participants belonging to the younger age group opted for sounds of wind or specific theme “la
fille aux cheveux de lin”. Participants who made a musical choice were aged with 64 and 84 years
old. In addition to the musical choice, volume is also a parameter that can be adjusted by

participants. Figure 58 shows the volume chosen by the participants depending on their age.
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Figure 58: Musical volume compared with participant’s age.
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For the volume chosen by participants depending on their age, we found that participants of all

age groups chose volumes between 60-70 dB for the musical intervention.

Since the Pilot study was carried out in two different NM services, the range of services were not
the same. The acquisition time in NM service 2 was 18 min and in NM service 3 it was 6 min. As
such, we drew the graphics in Figure 59 that compares the acquisition times of the two services
with the psychological parameters. The results were based on data from APPENDIX 17,
APPENDIX 18 and APPENDIX 19.
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Figure 59: Comparison between psychological scores and different acquisition times.

In the figure above, we see that the scores of the two samples of participants at all times of the

exam, both for the STAI-S and the VAS, were very similar to each other.

9.4 Cross-Sectional study and Pilot study comparations

For a comparative analysis between the Cross-sectional study and the Pilot study, psychological

and physiological parameters were used, based on data from APPENDIX 17, APPENDIX 18,
APPENDIX 19 and APPENDIX 21.

The following figure shows the comparison of the two studies using physiological parameters

(Figure 60).
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Figure 60: Comparison between physiological parameters from Cross-sectional study and Pilot study.

For the physiological parameters Blood Pressure, respiratory rate and SpO2%, we verified that
most of the physiological values, at each moment of the examination, are lower in the Pilot study
compared to the Cross-sectional study sample. For the physiological parameter heart rate, the
beats/min values at different moments of the exam were higher for the Pilot study sample

compared to the Cross-sectional study sample.
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The following figure shows the comparison of the two studies using the psychological parameters

STAI-S and VAS (Figure 61).
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Figure 61: Comparison between psychological parameters from Cross-sectional study and Pilot study.

We verified that for both psychological parameters, the scores of both STAI-S and VAS are lower

in the Pilot study sample than in the Cross-sectional study.
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10Discussion

For a clearer and more structured study of the project, it was divided into three phases of analysis:
Analysis of the Cross-sectional study, analysis of the Pilot study and comparative analysis
between the Cross-sectional study and the Pilot study. The total number of participants that was
used for this study was n=97. The Cross-sectional study sample was collected in NM service 1
and had a total of n=63 participants, representing 64.9% of the total participants used in this

project.

In a first phase, the sample of participants in the Cross-sectional study was analysed according
to the participants' psychological, biochemical, physiological, and sociodemographic parameters,
following the protocols used in the clinical practice of each service. Subsequently, the image

quality was analysed, which was only analysed for this sample.

Regarding the first psychological parameter that was used, the STAI-S, we can see that it suffers
a decrease in scores throughout the examination moments, with T1 having higher score values
than T5.

Upon arrival at the hospital, factors such as lack of knowledge about the exam, arrival at the
service, medical indication for the exam due to heart problems can cause higher levels of anxiety
in the patient (13,14,135,226). We found that after T2 anxiety values decrease. During this phase
of the examination, the radiopharmaceutical is administered to the patient, but also between these
two moments the patient speaks to the doctor, and he explains again the entire procedure that he
will carry out, clarifying possible doubts or concerns that the patient may have. Providing them
pre-procedure information and clarifying to patients what they can expect during the examination
can be an important factor in decreasing their anxiety (226). After the first images, anxiety levels
decrease again. When the image acquisition is finished, the patient feels a sense of relief for
having already taken the images (226). At T4 there is an increase in anxiety levels, compared to
T3. When the patient finds out that they are going to take the second images of the exam, they
may feel more anxiety again (226). Furthermore, at T4 patients undergo an exercise test. This
peak in results may also be due to the physical effort induced in the patient, thus feeling greater
anxiety or even confusing their anxiety with tiredness and physical exhaustion (227). In this way,
it was possible to verify that the patient's anxiety decreased throughout the exam, which is in line
with the expected results (226,227). When correlating the sociodemographic factors with the STAI
scores for the participants in this sample, we found that when we compared the STAI-S scores
with the gender of participants, we observed that females had higher scores and thus higher
anxiety values than males, being consistent with other studies (228,229). When we compared the
STAI-S scores according to whether the participants had previously undergone other imaging
exams, we observed that there were no differences in the average score (both obtained an
average score of 40) and, therefore, we conclude that in this sample, in the specific factor of

performing imaging exams did not affect the anxiety that the patient felt.
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Comparing the STAI-S scores according to the patients' educational qualifications, our results
were in line with what was expected and what was observed in other studies since there were
higher scores in patients with less education (average score of 45) and, according to the literature,
patients' lack of knowledge may be associated with more specific fears and in turn, with higher
levels of anxiety (13,14,135,226,230). Comparing the STAI-S scores according to the number of
CVREFs for each patient, we observed that there was no decrease in scores as the number of risk
factors is higher. There was an increase in scores for up to 2 risk factors and, therefore, an
increase in patients' anxiety, but the same did not occur for patients with 3 risk factors and for 4
CVRFs as they suffered a decrease in scores, in other words, a decrease in your anxiety. A
possible reason for this to have occurred is the fact that there are other factors and variables
associated with the patient that can cause this type of changes, such as the age of the participant
and the number of medications the patient takes, since the patient knowing who are being
medicated tend to feel less anxiety about awareness of their health problems (123,226,231). This
is the case of participants with 3 CVRFs. Despite showing a reduction in anxiety compared to
patients with 2 CVRFs, they are the patients who presented a higher ratio of number of types of
medication/patients, which may therefore be a supporting factor for having observed these

results.

Regarding the second psychological parameter that was used, the VAS, we can see that it suffers
a decrease in scores at different moments of the exam, with the highest values found at T1
(average score of 5) and the lowest scores at T5 (average score of 2), thus resulting in a reduction
in the patient's anxiety, in line with the expected results. However, VAS scores showed an
increase in values at T4 compared to T3. This may be justified by the fact that patients at this
point in the exam perform the exercise test, which is associated with the stress phase of the exam.
The patient as such may feel greater anxiety as he or she is performing a test that involves
physical and mental effort, an effort that most patients may not be used to dealing with in their
day-to-day lives and may even confuse at the moment with tiredness and exhaustion
(149,151,232).

When correlating the sociodemographic factors with the VAS scores for the participants in this
sample, we found that when we compare the VAS scores with the gender of participants, we
observed that females have higher scores and thus higher anxiety values than males, just as was
observed for STAI-S and in other studies in the literature (228,229). When we compared the VAS
scores according to whether the participants had previously undergone other imaging exams, we
observed that there were no differences in the average score (both obtained an average score of
5) and, therefore, we concluded that in this specific sample the factor of performing imaging
exams did not affect the anxiety the patient felt. Comparing the VAS scores according to the
patients' educational qualifications, we did not obtain the same results that were observed for the
STAI-S. Participants without qualifications had a score equal to participants with up to secondary
education (average score of 4) and the highest scores were found in participants with up to 9th

grade education (average score of 5).
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This difference in results can be explained by the fact that the VAS is a shorter and less accurate
questionnaire in the assessment of anxiety like the STAI-S (145,148,151,233,234) and, therefore,
the VAS scale is not as precise in the assessment of different parameters of anxiety that the
patient may have when taking the questionnaire. Comparing the VAS scores according to the
number of CVRFs of each patient, we observed that up to 1 risk factor there was an increase in
VAS scores and, therefore, an increase in patients' anxiety, but then a decrease in values of
scores was observed and in turn a decrease in patient anxiety, with lower anxiety values in
patients with 4 risk factors (scores of 4). This can be justified by the variables of the participant's

age and the number of medications the patient takes (235).

To guarantee these two measurements as being psychological parameters to evaluate the
participants' anxiety levels, both were mutually correlated, for times T1 and T5. In this case, it was
confirmed that for both T1 and T5 there is a statistically significant correlation between the two
psychological parameters (p= .341 and p=.430, respectively). However, it must be considered
that the two values are not close to 1 (strong significant correlation between two variables), that
is, in the results between the two parameters there is a statistically significant correlation, but of
low intensity (236). This weak intensity in its correlation may also be associated with the fact that
the VAS, compared to the STAI-S, is a less accurate, precise, and detailed measure of anxiety
(145,149,151).

Regarding the biochemical parameter that was used, the cortisol biomarker, we can see that it
suffers a decrease in concentrations throughout the examination moments, with cortisol
concentrations at T1 being higher than at T3. In this way, it was possible to verify that the patient's
anxiety decreased throughout the examination also according to biochemical parameters. We
also found that at time TO, despite the average cortisol concentrations being like T1, most
participants had lower cortisol concentrations. The participant in time TO, which is carried out 2
days before the exam, is not yet in the hospital service to take the exam. This way, they may not

yet feel the levels of anxiety that are directly related to the exam and its procedure (18,226,237).

Although the decrease in concentrations during the exam is in line with expectations, it is
necessary to consider the fact that this biomarker changes during the day, being higher in the
morning and decreasing throughout the day. The decrease in cortisol concentrations that we
observed in our study could also be associated with this biochemical biomarker factor (24). In
addition to this factor, sometimes patient appointments are delayed by services or are not made
within the same timetable. These changes contribute to even more differences in cortisol
concentrations (24). In this way, we also analysed how these service delays can influence
variations in cortisol concentrations. We found that there are differences in cortisol concentrations
for T1 and T2, but all measurements were carried out in the morning, so these cortisol variations
are associated with other factors. For time T3, some appointments were already made in the
afternoon, however the sample was low (only 7 participants), so we do not consider the

concentrations of these participants to be statistically relevant.
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When correlating sociodemographic factors with cortisol concentrations for participants in this
sample, we found that when we compare concentrations with the gender of participants, males
present higher scores and thus higher anxiety values than females. However, the average
difference in concentrations is very close to each other (d=0.09), therefore, although the results
do not agree with the results obtained in this study for psychological parameters, it is not a high
difference in values to be considered significant. Comparing cortisol concentrations with
participant’s age, it should be noted that all observed concentrations were lower than reference
values in the literature, which correspond to a concentration of approximately 11 nmol/L for people
under the age of 50 and approximately 12 nmol/L for people over 50 years of age. One of the
reasons our sample has values lower than the reference concentrations is the fact that it was
moved from services to college to be dosed. Even when complying with the appropriate transport
conditions for the samples, there are unpredictable factors and timings that alter the sample
integrity and may affect the degradation of this biomarker (238-241).

At the end of the analysis of biochemical parameters, these were correlated with the psychological
parameters STAI-S and VAS. The results showed that no statistically significant results were
obtained in both correlations (p=-0.187 and p=0.019, respectively). As shown above, cortisol is a
biochemical parameter that has many variables and can therefore undergo many changes in its
behaviour. Furthermore, the sample of participants used to measure biochemical parameters was
reduced (n=47) due to the small amount of saliva we were able to collect from some participants.

As such, there are few results to have statistically more impact.

Regarding physiological parameters, we found that, on average, blood pressure values at T1
were 153/86 mmHg, heart rate was 67 beats/min, breathing levels were 14 breaths/min and
SPO2% was 96%. We also verified that for physiological measurements blood pressure, heart
rate and respiratory levels there is a peak in values at T4 and for SPO2% a marked decrease in
values. As observed in other previous parameters, this phenomenon is associated with the effort
test that participants perform in the stress phase of the exam. For this same reason, the results
obtained showed higher values (and lower values for SPO2%) at T5 than at T1. As such, according
to the literature, in the average value of the first 3 moments of the study, we found that the patients'
blood pressure is classified as “Hypertension Grade Sbp: 140-159 mmHg and/or Dbp 90-99
mmHg” (45), patients' respiratory rate is on average 14 breaths/min, values slightly below normal
reference values (48), and SPO2% is at average values classified as insufficient (50). Some
physiological parameters are also dependent on the patient's sociodemographic factors, such as
blood pressure due to the patient's number of risk factors and heart rate due to the age of the
participants. By correlating the physiological parameters with these parameters we can verify that
the heart rate has an average in the sample of 68.05 beats/min, a minimum of 42 beats/min and
a maximum of 101 beats/min. Comparing with literature values, we observed that in the sample,
for different ages of participants, the average value is within the referenced normal values (47).
In the blood pressure factor with the number of CVRFs for each participant, we found that in all
ranges of blood pressure measurements there were patients with associated CVRFs, thus

worsening the states of hypertension as seen in (45).
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Correlating the physiological parameters with the psychological parameters STAI-S and VAS, we
found that for both the psychological parameters and the biochemical parameters, there was no
statistically significant correlation (Table 16). High levels of state anxiety indicate high levels of
anxiety at the time of assessment (242). The anxious reaction contains physiological, emotional,
and cognitive components (138). In the case of this study, it was concluded that physiological
parameters may not be directly related to the levels of anxiety that patients feel during these
exams since, contrary to other medical imaging exams, MPS has associated physical effort on

the part of the patient.

To finalize the analysis of the Cross-sectional study, the image quality parameters, and the
influence of anxiety on this were analysed. To this end, sociodemographic, psychological,
biochemical, and physiological parameters were used. According to the literature, high levels of
patient anxiety cause involuntary and voluntary movements in patients. These, in turn, cause

artifacts in the images and make diagnostic tests difficult (13,14,25,169).

In a first analysis, we checked the number of movements that patients had during the exam. In
our study we classify movements < 1 in statistically significant and statistically significant between
1-2 pixels. When we compared the number of movements with socio-demographic parameters,
we found that patients who had already undergone medical imaging exams had higher maximum
movement values (maximum number of movements = 24) than patients who had never
undergone an exam (maximum number of movements = 22), however the average value of
movements was the same for both groups (number of movements =11). Therefore, it was not
possible to conclude in the analysis of image quality whether previous examinations had an

influence on the number of movements of the patient and, therefore, on the patient's anxiety.

When we compared the number of movements with the psychological parameters, we found that
movements of less than 1 pixel, despite not being statistically significant, showed a significant
correlation with the STAI-S scores. The same did not occur for the VAS, however, this may be
because this parameter is not as rigorous an analysis of anxiety as the STAI-S. With a number of
movements between 1-2 pixels, there was a lower number of samples to be analysed, however,
we found for both biochemical parameters that there was an increase in the number of
movements with the increase in scores. In this way, we found that the number of movements
increases depending on the patient's anxiety when performing the exam, which is in line with the
expected results (13,14,25,169). Biochemical factors were not used to analyse image quality
since their values were much lower than the reference values and their changes throughout the

day could affect the results.

We subsequently checked the relationship between these biochemical parameters and other
factors related to image quality: average noise (%) and contrast. For the % noise of the three
projections analysed (SA, VLA and HLA) we verified that when comparing with the psychological
parameters of the study, no significant differences were found with the increase in patients'

anxiety. The same occurred for image contrast.
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Although image motion artefacts, such as % noise and contrast, are also related to patient
movement during image acquisition in these exams and in turn with the decrease in image quality,
there are other factors not related to the patient which can also manipulate the alteration of these
two image quality parameters, as is the case where noise comes from the random nature of the
radioactive decay process, which causes statistical variations in the rate of observe noise, and
contrast also depends on the choice of radiopharmaceutical used in the exams (110—
112,115,119).

For the specific case of %noise, to be clinically meaningful, the noise in the reconstructed image
must be less than 33% (116,117), which was observed in our results where the % noise for SA,
VLA and HLA were 31.94%, 30.58% and 30.39%, respectively. Therefore, in our study, this
parameter had values considered acceptable for observing changes in image quality. When we
analysed the image quality factors with the physiological parameters, we found that there were
significant correlations between the % noise with the physiological parameter heart rate, in the
SA projection (p=.281), LVA (p=.314) and LHA (p=.300). Therefore, despite this being a
statistically significant correlation of weak intensity, we can conclude that the heart rate had an
influence on the quality of the images in our study. For the remaining physiological parameters,

we did not find statistically significant correlations (Table 18).

In addition to the reasons presented above and, despite our sample presenting lower score values
at the end of the exam compared to the scores at the beginning of the exam, these values are
not considered very high on the anxiety scale, both for the STAI-S and for the VAS, since on the
STAI-S scale the average score at T1 was 41.3, considered a “moderate-anxiety” level and for
VAS the average score at T1 was 5, considered “Mild-moderate” anxiety (142,150,151).
Therefore, patients in general in the Cross-sectional study did not have high levels of anxiety. This
may justify the results obtained in the quality image, which did not suffer significant differences in

the face of different anxieties of the patients in the studied sample.

In a second phase, the sample of participants in the Pilot study was analysed according to the
sociodemographic parameters of the sample and the parameters of the musical intervention.
psychological, biochemical, physiological, and sociodemographic characteristics of the
participants, following the protocols used in the clinical practice of each service. The Pilot study
sample was collected in two different NM services, obtaining a total of n=34 participants (35.1%
of the total project sample). In NM service 2 we collected a total of n=23 participants and in NM

service 3 a total of n=11 participants.

Regarding the sociodemographic parameters of the patients, we can see that the sample has a
greater number of male participants, and most participants in this study are in the age group of
60 to 69 years old. The musical intervention used in this Pilot study was applied only during the
acquisition of resting images (1st images), so that there would be no interference from changes
to the patients resulting from the exercise test induced in the stress phase. In analysing the
characteristics of the musical intervention, we found that the specific musical themes “La fille aux

cheveux de lin”, Debussy and “Pachelbel D major” were the participants' preferred choices.
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Both themes belong to the classical musical genre. This musical genre, according to other studies,
is a genre that causes relaxation and harmonious beats (197,243). The specific theme “Pachelbel
D major” was previously associated with lower stress levels, blood pressure, pulse, and body
temperature (222). Furthermore, classical music is a genre that mostly uses frequencies between
60-80 beats. Thus, current findings indicates that music around 60-80 beats per minute can cause
synchronization between the brain and the breath, causing alpha brainwaves, which are present
when we are relaxed and conscious (244). For the volume chosen by participants depending on
their age, we found that participants of all age groups chose, on average, a volume of 60 dB for
the musical intervention. These values are within reference values used in other sound

interventions (174).

Regarding the biochemical parameters of the study, we found that these were not always
recorded at the same moment in the process. Due to changes and impossibilities of services in
the Pilot study sample, cortisol was measured only at times T2 and T3, while in the Cross-
sectional study sample it was at times TO, T1, T2 and T3. As it is a biomarker that changes its
concentrations throughout the day (158,162,242) and there was a large discrepancy in data
collected from the Cross-sectional study group to the Pilot group, this was only analysed
individually for each study and was not used for comparative results between studies. We
therefore verified for the Pilot study sample that there was a decrease in cortisol concentrations

from moment T2 to moment T3, thus indicating a possible decrease in the patient's anxiety levels.

Since the Pilot study was carried out in two different NM services, the gamma cameras of the
services were not the same and, therefore, the resting image acquisition time was different, taking
a total of 18 min in NM service 2 and 6 min in NM service 3. This way we analysed whether
acquisition time was an influencing factor on patients' anxiety. We verified through the
psychological parameters STAI-S and VAS that the scores of the two samples of participants for
all moments of the exam were very similar to each other, thus concluding that the acquisition time

was not a factor influencing the patients' anxiety.

In a third and final phase of the project, the results obtained in the Cross-sectional study were

compared with the Pilot study, using psychological, biochemical, and physiological parameters.

When comparing the physiological parameters of the two studies, we found that for the
physiological parameters blood pressure, respiratory rate and SpO2%, the Pilot study sample
presented lower values than the Cross-sectional study sample. For heart rate, higher values were
observed in the Pilot study sample. In this parameter it was expected that the beats/min values
would be lower in the SP sample and for the SpO2% parameter it was expected that the values
would be higher. These differences may have occurred since the sample of the Pilot study was
smaller than the sample of the Cross-sectional study, and therefore the sample of results is

insufficient to draw further conclusions.

Regarding the psychological parameters of the study, we found that these were not always

recorded at the same moment in the process. Due to changes and impossibilities of services in
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collecting the Pilot study sample, STAI-S was measured at times T2 and T5, while in the Cross-
sectional study sample it was at times T1 and T5. Despite these being different times, as this is a
flexible psychological parameter, and the collection times were carried out at similar times,

comparisons of these parameters were carried out between studies.

When comparing the psychological parameters STAI-S and VAS in the two studies, we found that
the participants in the Pilot study presented STAI-S and VAS scores lower than the scores
obtained for participants in the Cross-sectional study, at all times of measurement of the exam.
For biochemical parameters, the same was always verified, with lower concentration values for
the Pilot study sample. Thus, we found that with lower scores for psychological parameters and
lower concentrations of the biochemical parameter, cortisol, the anxiety of participants in the Pilot
study was lower than the anxiety of the Cross-sectional study sample, in line with previous studies
(134,135,176,182,213,222,245). Therefore, we conclude that musical intervention has an

influence on patients' anxiety when they undergo MPS exams.
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11 Conclusions

Remaining that the main objective of the study was to evaluate the impact of patient’s anxiety on
the quality of myocardial perfusion scintigraphy images, it was confirmed that there was an
influence of anxiety on image quality, but only in some qualitative parameters. The image quality
underwent significant changes in the noise % parameters, with a statistically significant weak
intensity correlation being observed between these two parameters and the physiological heart
rate parameter. Furthermore, it was found that the number of patient movements during image
acquisition increases with the scores of the psychological parameter STAI-S, showing a positive
correlation between the two factors, proving that anxiety in this study had an influence on this

quality-of-life parameter image.

To achieve the main objective, several intermediate objectives were met through the analysis of
psychological, biochemical, physiological, and sociodemographic parameters of the sample. In
the Cross-sectional study sample, we mostly concluded that parameters such as age, gender and
educational qualifications had an influence on patients' anxiety. The analysis of biochemical
parameters, despite being an asset for more detailed studies in general the results were not clear
since their concentrations change over time throughout the day and can therefore be a
manipulative factor in the stud. Regarding the patients' physiological parameters, these also
underwent many changes in values during the examination due to the exercise test associated
with the stress phase, thus concluding that the physiological parameters may not be directly

related to the levels of anxiety that patients feel during MPS exams.

In the Pilot study, carried out after the Cross-sectional study, which used a musical intervention,
we found that the specific musical themes “La fille aux cheveux de lin”, Debussy and “Pachelbel
D major” were the most chosen by the participants, with an average volume of 60dB. Regarding
the biochemical parameters of the participants, we observe a decrease in values between the two
times of exam. Despite meeting expectations, the results, like in Cross-sectional study, can be

affected by concentrations throughout the day.

When comparing the results of the Cross-sectional study with the Pilot study, a decrease in the
psychological was noted. Regarding physiological parameters, it was not possible to draw
concrete conclusions about their changes. Unlike other types of medical imaging exams, the
myocardial perfusion scintigraphy exam presents an associated stress test for its performance.
As this specific study collected data only for patients who underwent the 1-day MPS protocaol, all
data from our sample is taken from the same day of examination. In this way, there is a greater
influence of these tests, especially on the participant's physiological parameters, which may

deviate from the expected results.

Thus, we can conclude that physiological parameters such as heart rate have an influence on
image quality and the number of patients' movements is influenced by their anxiety during CPM

exams.
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12 Limitations of study

During the experimental execution of this work, and considering the results achieved, it was clear
that there were certain limitations inherent to the applied methodology, both due to time
restrictions and protocol changes. Therefore, the main limitations of the study carried out and

some suggestions for improvement for future work are presented below.

Regarding the implementation of the project, it was started in the NM service of the Hospital
Particular de Aimada. When the project was launched, it was intended to be carried out entirely
at HPA, however, halfway through the project, the service suffered some constraints and was
forced to close, meaning it was necessary to look for a new service to continue the study. In
addition to time lost in this search process, the change of services meant that some moments of

the protocol were lost as its implementation would delay the schedules of other services.

Data collection for image quality analysis, due to HPA service closing, had to be “accelerated”
since the service would later destroy the participants' data and their processing could only be
done at the HPA. Therefore, although we collected all the data we intended to evaluate, if the
treatment had not been limited in time, we could have verified other data that we considered
relevant to our study. Regarding the evaluation of our sample, we found that there was a very
complete study in terms of the parameters used for its analysis. However, the project sample,
both the Cross-sectional study and the Pilot study, is small. Some data were not possible to
evaluate in their entirety as being statistically significant due to the lack of participants to reach
more significant results. The present study used some measurement parameters, in the case of
physiological parameters that vary greatly with factors associated with the patient and factors
associated with this specific exam, since it has an associated exercise test. In the case of the
biochemical parameter cortisol, despite being a biomarker of anxiety, its concentrations vary

throughout the day and, therefore, become a variable that influences our results.

In the Pilot study, positive results were found regarding the impact of the musical intervention on
the patient's experience and, in turn, in reducing patients' anxiety levels during MPS exams.
However, it is still not clear in the literature which are the best musical intervention approaches to

be carried out in medical imaging exams.

Therefore, considering the limitations mentioned above, it is thought that, in the future, it will be

pertinent:

= Restructure the protocol in MPS exams and verify the type of parameters to be used for
their analysis;

= Develop studies with a greater number of participants, in order to enable statistically
significant results;

= Seek to research musical methods and interventions in medical imaging exams, to
improve the patient experience and continue to develop more studies with musical

intervention in MPS exams;
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APPENDICES

APPENDIX 1: Informed consent for participants.

CONSENTIMENTO INFORMADO, LIVRE E ESCLARECIDO PARA PARTICIPAGAO EM INVESTIGAGAO
de acordo com a Declaragdo de Helsinquia' e a Convengio de Oviedo?
Por favor, leia com atencdo a seguinte informacdo. Se achar que algo estd incorreto ou que néo esta claro,
ndo hesite em solicitar mais informagées. Se concorda com a proposta que lhe foi feita, queira assinar este
documento.

“Titulo do estudo: “Cintigrafia de Perfus3o do Miocardio: Impacto da Ansiedade na Qualidade de
Imagem”

Enquadramento: Este projeto de investigacdo do centro de investigagdo H&TRC estd a ser desenvolvido
com a colaboragdo da clinica NuclearMed, em Almada, especificamente em pacientes que tenham
indicagdo clinica para fazer o exame de cintigrafia de perfusdo do miocardio, neste servigo de Medicina
Nuclear.

Salienta-se ainda que, o projeto é coordenado pela Doutora Lina Vieira, da Escola Superior de Tecnologia
de Saude de Lisboa — Instituto Politécnico de Lisboa.

Explicacdo do estudo: O estudo tem como principal objetivo avaliar o impacto da ansiedade em pacientes
que realizam exames de cintigrafia de perfusdo do miocardio e consequentemente na qualidade das
imagens médicas obtidas. Pretende-se com este estudo melhorar o conforto e seguranca dos doentes que
realizam estes exames na clinica NuclearMed e consequentemente a qualidade de imagem e do resultado
final.

Finalidade do tratamento de dados pessoais: Serdo recolhidos os seguintes dados pessoais: género,

idade, habilitagdes académicas, situacdo laboral e indicagdo clinica. Estes dados destinam-se a
caraterizagdo geral da amostra do estudo. Sera ainda solicitado o enderego de correio eletrénico, morada
e contacto telefénico para que, seja enviada as salivette para recolha da saliva, quatro dias anteriores ao
exame, e seja possivel relembrar para ndo se esquecer de fazer a recolha da saliva para a salivette. Para
além disso, no dia do exame, serdo recolhidas mais trés amostras de saliva e serd registado o valor da
tensdo arterial, nimero de batimentos por minuto, frequéncia respiratéria e nivel de oxigénio medido no
sangue, assim como informagbes relacionadas com o nivel de ansiedade recolhida através dos
questionarios STAI.

Os dados recolhidos sdo para uso exclusivo do presente estudo, ndo existindo quaisquer interesses
financeiros a motivar o estudo, nem transferéncia dos seus dados para outros investigadores que ndo
integrem o projeto.

Confidencialidade e conservacdo dos dados: A confidencialidade dos dados serdo garantidos. A

identificagdo far-se-a por um cédigo e, apds andlise de toda a informagdo recolhida, e divulgagdo pela
comunidade cientifica dos resultados gerais, os dados serdo armazenados durante 5 anos num PC da
ESTeSL, a guarda do investigador principal Prof. Lina Vieira.

Encarregado da Protecdo de Dados: Nuno Pires Encarregado da Protegdo Dados / Data Protection
Officer, Telf. + 351 21 046 47 00 | + 351 21 046 47 08, Email. npires@net.ipl.pt

1 http://portal.arsnorte.min-

saude.pt/portal/page/portal/ARSNorte /Comiss?

3%A30%20de %20%C3%89tica/Ficheiros/Declaracao_Helsinquia_2008.pdf

2 http://dre.pt/pdfisdip/2001/01/002A00/00140036.pdf
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APPENDIX 2: Sociodemographic questionnaire.

— ESCOLA SUPERIOR DE
TECNOLOGIA DA SAUDE
DE LISBOA

CPMeAQI_Qpré

CPM_PRE-EXAM FORM
(Grilo, et al., 2017, adapted)

1. Gender: 2; Ages. ...

[0 Female [J Male 3. Civil Status

4. Academic degree:

O without habilitations O Bachelor's degree

O Até9.°ano O Master degree/PhD

O High School

5. Occupation:
5.1. Professional situation at present:

O Working [ Part-time worker

O Medical leave O Unemployed

[J Retired

5.2. Do you work or have you worked in the healthcare field? [J Yes [J No

6. Do you know why you are taking this exam today?

Oves ONo (If the answer is “No”, go to question 7.)

6.1. If yes, indicate the reason

7. Have you previously performed other imaging tests, such as Magnetic Resonance Imaging, CT

scan or other scintigraphy?

Oyes ONo
7.1. How do you rate the experience of these exams?
Very
VerylZ345678910EaIS
Hard ¥
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APPENDIX 3: STAI-S questionnaire.

TECNOLOGIA DA SAUDE

—_ ESCOLA SUPERIOR DE
[ DE LISBOA

CPMeAQI _STAI-S pre

STAI-S

(Spielberger, Gorsuch & Lushene, 1983; versio portuguesa Silva, 2003)

Notat | Alittle | Somewhat Very
all much so
1-1 feel calm 0 1 2 3
2- | feel secure 0 1 2 3
3- 1 feel tense 0 1 2 3
4- 1 feel strained 0 1 2 3
5- | feel at ease 0 1 2 3
6- | feel up set 0 1 2 3
7- 1 am presently worrying over possible misfortunes 0 1 2 3
8- 1 feel satisfied 0 1 2 3
9- 1 feel frightened 0 1 2 3
10- 1 feel uncomfortable 0 1 2 3
11- 1 feel self-confident 0 1 2 3
12-1feel nervous 0 1 2 3
13- 1 feel jittery 0 1 2 3
14- | feel indecisive 0 1 2 3
15- 1 am relaxed 0 1 2 3
16- 1 feel content 0 1 2 3
17- 1am worried 0 1 2 3
18- 1 feel confused 0 1 2 3
19- 1 feel stabled 0 1 2 3
20- 1 feel good 0 1 2 3

Please verify if you answer all the questions.

We appreciate the collaboration!
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APPENDIX 4: VAS questionnaire.

CPMeAQI_VAS

How anxious are you feeling right now?

Not at all Very much

L

ESCOLA SUPERIOR DE
TECNOLOGIA DA SAUDE
DE LISBOA
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APPENDIX 5: Sociodemographic data for Cross-sectional study.

D Age | Gender |Prior Exams | Difficulty | Medical work Types of CVRFs Medication | Terapeutic group
02 75 M N | N No information

03 68 7 S 1 N No information

04 73 F S 3 N HBP | Dyslipidemia | Tabagism 1 ACE

05 72 F N | - N HBP | Dyslipidemia Obesity 3 ACE | BB [ARBs

06 52 F N | N HBP | Dyslipidemia 2 ACE | BB

07 62 M N N No information

08 70 F N ] e N HBP 2 ACE | BB

09 60 F S 8 S No information

10 47 M S 3 N Tabagism No information

11 67 M N | N No information

01 76 M N ] N No information

12 56 F N | - N HBP No information

13 64 M S 3 N HBP | Dyslipidemia T2DM 2 BB | ARBs

14 74 M S 10 N HBP | Dyslipidemia | Tabagism 3 ACE | BB CCB
15 80 M S 3 N HBP | Dyslipidemia | Tabagism 1 ACE

17 66 F N | - N Dyslipidemia 1 ACE

18 77 F N | - N HBP | Dyslipidemia 1 ACE

19 39 F S 10 N HBP Tabagism 1 BB

20 43 F N ] e N HBP 1 BB

21 83 M N | - N HBP | Dyslipidemia | Tabagism 1 BB

22 76 F S 6 N Dyslipidemia 0

23 68 M S 10 N HBP | Dyslipidemia | Tabagism 2 ACE | BB

26 70 F S 4 N HBP 2 BB CCB
27 69 M S 8 N HBP | Dyslipidemia T2DM 2 ACE CCB
28 81 M S 10 N 0

29 59 F S 8 N Obesity 0

30 38 F L N No information

31 81 F S 10 N HBP Obesity 3 BB | ARBs| CCB
16 76 F N | - N HBP | Dyslipidemia 2 ACE CCB
24 74 M N | N Dyslipidemia | Tabagism 0

25 57 M S 8 N Dyslipidemia | Tabagism 0

34 76 F N ] N HBP 1 ACE

35 77 F N | N HBP T2DM 2 ARBs | CCB
36 65 F S 10 N HBP | Dyslipidemia 1 ARBs

37 61 M L N No information

38 71 M S 8 N No information

40 57 M N | - N HBP | Dyslipidemia | Tabagism| Obesity [T2DM 1 ACE

32 58 M S 8 N No information

33 76 F S 10 N No information

39 77 F S 6 N No information

45 67 M N | N Dyslipidemia 0

46 66 ? S 6 N HBP | Dyslipidemia | Tabagism| Obesity 1 ACE

42 72 M S 5 N HBP | Dyslipidemia 3 ACE | BB CCB
43 70 M S 8 N HBP | Dyslipidemia Obesity [T2DM 2 ACE | BB

41 78 M N | N HBP | Dyslipidemia T2DM 2 BB | ARBs

a4 75 F N | N No information

49 57 M S 6 N HBP | Dyslipidemia | Tabagism 2 ACE | BB

50 66 M N ] - N HBP | Dyslipidemia | Tabagism T2DM 3 ACE | BB CCB
51 61 F S 5 N Dyslipidemia | Tabagism 0

52 84 M N | - N 0

53 66 M NS N HBP 2 ACE | BB

54 74 M S 7 N HBP | Dyslipidemia T2DM 1 ACE

48 70 M N N No information

55 76 M S 6 N HBP | Dyslipidemia 1 CCB
56 56 M N - N No information

57 78 M N ] - N No information

58 78 M N N No information

59 78 F N | N No information

64 89 M S 7 N HBP | Dyslipidemia 1 ARBs

60 73 F S 6 N HBP Tabagism 2 BB CCB
61 81 M S 10 N No information

62 41 M S 6 N HBP 0

65 68 F S 9 N HBP | Dyslipidemia | Tabagism 2 ACE | BB
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APPENDIX 7: STAI-S statistic results to Cross-sectional study.

Paired Samples Statistics

Std.

Std. Error

Deviation _Mean N o p value
Pair 1 STALS_T1 8,802 1,109
STALS_T5 9,643 1215 34 62 e
Paired Samples
Sig.
Pair 1 STALS T1 0,000
&
STALS_T5
Paired Samples Test
Std. Error Interval of the Sig. (2-
Mean Lower Upper t df tailed)
Pair 1 STAL_S_T1 1,044 1,499 5,675 3435 62 0,001
STAL_S_T5

Paired Samples Effect Sizes

Point Interval
Estimate Lower Upper
Pair 1 STALS_T1 0,433 0,173 0,689
0,430 0,172 0,685

STALS T5

95% Confidence

Interval
Mean Std. Error Min Max
Sample Cross Selectional study STAI_S_T1 40,444 1,140 38,181 42,708
STALS_T5 36,857 1,231 34,413 39,302

STALS T1

STALS_T5

Pearson
Correlation
Sig. (2-tailed)
N

Pearson
Correlation
Sig. (2-tailed)
N

VAS_T1
3417

0,006
63

VAS_T5
14307

0,000
63
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APPENDIX 8: VAS scores for Cross-sectional study.
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APPENDIX 9: VAS statistic results to Cross-sectional study.

Pairwise Comparisons

Standard Percentile Percentile

Minimum  Maximum Mean Deviation ~ Median 25 75
VAS_T1 0 10 4,76 2,59 5,00 3,00 8,00
VAS_T2 0 10 3,69 2,67 4,00 2,00 5,00
VAS_T3 0 9 5,49 2,46 5,00 2,00 3,00
VAS_T4 0 10 4,33 2,83 4,00 3,00 8,00
VAS_T5 0 9 2,49 2,61 2,00 1,00 4,00

Sample 1- Test Std. Test

Sample 2 Statistic ~ Std. Error  Statistic Sig. Adj. Sig.?
VAS_T5- 0,016 0,282 0,056 0,955 1,000
VAS T2

VAS_T5- 0,151 0,282 0,535 0,592 1,000
VAS T3

VAS_T5- 0,579 0,282 2,057 0,040 0,397
VAS_T1

VAS_T5- 1,119 0,282 3,972 0,000 0,001
VAS T4

VAS_T2- -0,135 0,282 -0,479 0,632 1,000
VAS_T3

VAS_T2- 0,563 0,282 2,000 0,045 0,455
VAS T1

VAS_T2- -1,103 0,282 -3,916 0,000 0,001
VAS T4

VAS_T3- 0,429 0,282 1,521 0,128 1,000
VAS T1

VAS_T3- -0,968 0,282 -3,437 0,001 0,006
VAS T4

VAS_T1- -0,540 0,282 -1,916 0,055 0,554
VAS T4

Each row tests the null hypothesis that the Sample 1 and Sample 2
a. Significance values have been adjusted by the Bonferroni correction for

119



APPENDIX 10: Cortisol data for Cross-sectional study.

Cortisol Measurments

ID T0 T3 Cortisol Collection time

02 5,07396351 | 2,01126398 3,98731257 | 11:30 8:26 8:50 9:46
03 8,77747955 | 4,26541938 | 3,03797239 | 3,03797239 8:30 8:38 8:54 9:56
04 8:00 8:28 8:45 10:04
05 9:10 8:40 8:54 10:09
06 9:00 9:03 9:10 10:15
07 5,18341205 | 4,09577179 | 4,69655543 8:00 8:48 9:05 10:16
08 8:20 8:55 9:10 10:16
09 1,84803529 | 5,11012229 | 2,94451208 | 2,46708998 9:30 9:06 9:32 10:18
10 4,15137415 | 7,96507056 | 6,60763658 | 4,17952675 | 11:00 9:10 9:16 10:24
11 1,45559371 | 5,33398177 | 10,6562337 | 4,01408997 7:00 9:16 9:28 10:30
01 5,99405766 | 5,37247717 | 4,96738963 | 4,12345663 9:20 8:50 9:03 10:33
12 6,86465306 | 3,61099653 | 2,68461596 9:15 9:10 9:25 10:33
13 1,96604978 | 2,71758817 | 1,06975868 | 4,01408997 9:00 9:05 9:22 10:36
14 1,41789235 2,21836686 | 3,11538466 9:00 8:55 9:10 10:37
15 2,46708998 | 4,68433241 | 4,93944862 | 6,37107933 9:30 9:22 9:29 10:42
17 9:00 9:20 9:35 10:50
18 8:40 9:00 9:28 10:57
19 1,28365961 | 1,74279376 | 0,93559966 9:20 9:22 9:45 11:00
20 3,24101173 | 4,68433241 | 0,62506714 | 10:30 9:51 10:03 | 11:11
21 6,85674182 | 7,37132418 | 1,88544943 | 11:00 9:50 10:08 11:12
22 6,69173031 | 7,02496554 | 4,93944862 8:30 9:50 10:00 11:14
23 10:00 9:40 10:00 | 11:23
26 4,31927883 2,8632 4,4386756 10:00 9:40 9:58 11:25
27 4,20211025 9,1082321 12,7904309 9:40 9:55 10:10 11:27
28 6,06249927 2,8632 0,30526231 | 10:30 | 10:20 | 10:43 | 11:30
29 10:00 10:21 10:34 11:34
30 2,03355266 | 4,4386756 | 1,53860094 | 12:10 9:45 10:10 | 11:39
31 7,73137275 | 0,39225586 | 1,22287163 9:30 10:15 10:28 11:39
16 4,72938437 | 5,91258214 | 5,62119903 | 3,64820474 | 10:00 10:22 10:42 11:41
24 11,4375184 | 5,07067372 | 4,4386756 9:30 9:50 10:10 | 11:43
25 4,50543483 | 1,94391388 | 8,15884355 | 4,44388816 | 10:00 10:15 10:37 11:47
34 2,77308204 | 6,06249927 | 0,82811225 | 10:00 10:12 10:26 11:49
35 8,69537219 | 1,10468807 | 1,47305467 | 11:00 | 10:20 | 10:47 | 11:50
36 9,98457618 | 4,81068442 | 6,06249927 | 10:00 10:37 10:55 11:50
37 1,67344763 | 6,21531155 | 0,14114649 | 10:20 10:29 11:10 11:52
38 2,18730639 | 3,14389147 | 4,68433241 | 10:30 | 10:42 10:55 | 11:53
40 10:20 10:20 10:30 12:02
32 1,88544943 | 0,57669224 | 0,14114649 | 11:00 | 10:34 | 10:53 | 12:02
33 1,43 4,20211025 | 3,54352721 | 10:20 10:22 10:32 12:07
39 4,56034498 | 4,68433241 | 2,77308204 | 10:40 10:36 11:10 12:07
45 11,4375184 | 4,31927883 | 4,31927883 | 10:30 [ 10:50 | 11:07 | 12:10
46 6,52986446 | 1,88544943 | 3,24101173 | 20:00 10:20 10:35 12:12
42 10:10 10:40 10:58 12:15
43 1,88544943 | 3,33996735 | 0,72464733 | 11:00 10:47 11:05 12:17
41 3,86354444 6,21531155 | 11:00 11:05 11:15 12:20
44 2,34692227 | 1,40873008 | 0,14114649 | 11:00 | 10:52 | 11:25 | 12:23
49 4,20211025 | 7,37132418 | 0,06380599 | 10:30 10:44 10:52 12:25
50 1,22287163 | 2,26636798 | 1,67344763 | 12:00 11:02 11:18 12:26
51 10:40 | 10:55 11:15 | 12:30
52 3,14389147 | 1,47305467 | 2,34692227 | 10:40 10:55 11:06 12:32
53 11:30 11:19 11:29 12:35
54 2,0696028 | 5,99405766 | 3,34116936 | 2,70104012 | 11:30 | 11:05 11:30 | 12:43
48 2,8632 1,67344763 | 1,53860094 | 11:20 11:10 11:33 12:46
55 4,86359804 | 4,35351666 | 3,78087248 | 7,59479597 8:30 11:00 | 11:13 | 12:47
56 1,4479534 | 2,39469776 | 3,63467769 | 3,17504461 | 10:30 11:26 11:46 12:48
57 1,75794706 | 10,1198165 | 11,2299834 | 7,71573714 | 11:00 11:09 11:22 12:49
58 6,65805305 | 5,65193481 | 3,05710102 | 11:20 | 11:20 | 11:37 | 13:00
59 4,8296037 | 4,50543483 | 3,09580576 | 3,40622222 | 11:00 11:20 11:42 13:04
64 1,40315675 | 2,51182018 | 2,63607591 | 3,23612014 | 11:00 11:04 11:18 13:13
60 3,07637835 | 3,29865185 1,89 10:30 | 11:53 12:04 | 13:15
61 7,71573714 3,4504611 | 5,07396351 | 1,97723457 | 11:20 11:11 11:29 13:32
62 6,97099802 | 7,53522972 | 1,57651238 | 15:00 | 12:00 | 12:22 | 13:45
65 4,35351666 | 1,2723923 | 4,69655543 | 1,55134997 7:00 12:15 12:35 | 14:05

120



APPENDIX 11: Cortisol concentrations and standards.

Reading N2 Sample Absorvance(nm) 1/Abs(nm)
Concentration (pg/mL)  Concentration (pg/mL) Ce ion (ng/mL) Ci ion (g/L) C ion (mol/L) C ion (nmol/L)

10 15.1 0,233 4,292 424,63 1698,51 1,699 0,0000016985119328 0,00000000468606724 4,686
11 15.2 0,231 4,329 447,75 1791,00 1,791 0,0000017909952527 0,00000000494122180 4,941
12 15.3 0,221 4,525 577,49 2309,98 2,310 0,0000023099797318 0,00000000637306112 6,373
13 16.1 0,224 4,464 535,94 2143,77 2,144 0,0000021437690306 0,00000000591449824 5,914
14 16.2 0,226 4,425 509,53 2038,14 2,038 0,0000020381389866 0,00000000562307285 5,623
15 16.3 0,242 4,132 330,72 1322,90 1,323 0,0000013228989878 0,00000000364977925 3,650
16 19.1 0,271 3,690 116,42 465,70 0,466 0,0000004656985618 0,00000000128482746 1,285
17 19.2 0,264 3,788 158,04 632,15 0,632 0,0000006321472176 0,00000000174404684 1,744
18 19.3 0,277 3,610 84,88 339,52 0,340 0,0000003395162392 0,00000000093669988 0,937
19 20.1 0,246 4,065 293,82 1175,28 1,175 0,0000011752841245 0,00000000324252090 3,243
20 20.2 0,233 4,292 424,63 1698,51 1,699 0,0000016985119328 0,00000000468606724 4,686
21 20.3 0,283 3,534 56,73 226,94 0,227 0,0000002269377607 0,00000000062610429 0,626
22 211 0,218 4,587 621,51 2486,04 2,486 0,0000024860378150 0,00000000685879218 6,859
23 21.2 0,215 4,651 668,14 2672,58 2,673 0,0000026725792969 0,00000000737344616 7,373
24 213 0,262 3,817 170,97 683,86 0,684 0,0000006838635091 0,00000000188672822 1,887
25 22.1 0,219 4,566 606,55 2426,22 2,426 0,0000024262193382 0,00000000669375749 6,694
26 222 0,217 4,608 636,76 2547,02 2,547 0,0000025470207123 0,00000000702703943 7,027
27 223 0,231 4,329 447,75 1791,00 1,791 0,0000017909952527 0,00000000494122180 4,941
28 24.1 0,196 5,102 1036,65 4146,61 4,147 0,0000041466067805 0,00000001144017762 11,440
29 24.2 0,230 4,348 459,64 1838,57 1,839 0,0000018385662004 0,00000000507246648 5,072
30 243 0,235 4,255 402,36 1609,46 1,609 0,0000016094576369 0,00000000444037311 4,440
31 26.1 0,236 4,237 391,54 1566,17 1,566 0,0000015661744556 0,00000000432095805 4,321
32 26.2 0,250 4,000 259,58 1038,32 1,038 0,0000010383200000 0,00000000286464713 2,865
33 26.3 0,235 4,255 402,36 1609,46 1,609 0,0000016094576369 0,00000000444037311 4,440
34 27.1 0,237 4,219 380,92 1523,70 1,524 0,0000015236989927 0,00000000420377143 4,204
35 27.2 0,206 4,854 825,56 3302,22 3,302 0,0000033022241418 0,00000000911058915 G
36 27.3 0,191 5,236 1159,26 4637,05 4,637 0,0000046370451271 0,00000001279326030 12,793
37 28.1 0,223 4,484 549,53 2198,12 2,198 0,0000021981158181 0,00000000606443695 6,064
38 28.2 0,250 4,000 259,58 1038,32 1,038 0,0000010383200000 0,00000000286464713 2,865
39 28.3 0,290 3,448 27,75 111,00 0,111 0,0000001109965279 0,00000000030623111 0,306
40 30.1 0,260 3,846 184,39 737,55 0,738 0,0000007375545562 0,00000000203485779 2,035
41 30.2 0,235 4,255 402,36 1609,46 1,609 0,0000016094576369 0,00000000444037311 4,440
42 30.3 0,267 3,745 139,53 558,12 0,558 0,0000005581219307 0,00000000153981662 1,540
43 31.1 0,213 4,695 700,78 2803,10 2,803 0,0000028031004589 0,00000000773354428 7,734
44 312 0,288 3,472 35,63 142,54 0,143 0,0000001425350926 0,00000000039324365 0,393
45 313 0,272 3,676 110,92 443,66 0,444 0,0000004436611419 0,00000000122402787 1,224
46 321 0,262 3,817 170,97 683,86 0,684 0,0000006838635091 0,00000000188672822 1,887
47 32.2 0,284 3,521 52,35 209,40 0,209 0,0000002094001349 0,00000000057771929 0,578
48 323 0,294 3,401 12,87 51,50 0,051 0,0000000514977981 0,00000000014207857 0,142
49 33.1 0,157 6,369 2447,69 9790,78 9,791 0,0000097907789817 0,00000002701202610 27,012
50 33.2 0,237 4,219 380,92 1523,70 1,524 0,0000015236989927 0,00000000420377143 4,204
51 333 0,243 4,115 321,24 1284,95 1,285 0,0000012849515338 0,00000000354508507 3,545
52 34.1 0,251 3,984 251,41 1005,65 1,006 0,0000010056504005 0,00000000277451415 2,775
53 34.2 0,223 4,484 549,53 2198,12 2,198 0,0000021981158181 0,00000000606443695 6,064
54 343 0,279 3,584 7514 300,55 0,301 0,0000003005485551 0,00000000082919096 0,829
55 35.1 0,208 4,808 788,14 3152,56 3,153 0,0000031525589941 0,00000000869767421 8,698
56 35.2 0,274 3,650 100,20 400,82 0,401 0,0000004008160648 0,00000000110582151 1,106
57 353 0,268 3,731 133,59 534,36 0,534 0,0000005343596168 0,00000000147425817 1,474
58 36.1 0,202 4,950 904,98 3619,91 3,620 0,0000036199055857 0,00000000998704846 9,987
59 36.2 0,232 4,310 436,08 1744,32 1,744 0,0000017443163853 0,00000000481243830 4,812
60 36.3 0,223 4,484 549,53 2198,12 2,198 0,0000021981158181 0,00000000606443695 6,064
61 37.1 0,265 3,774 151,75 607,01 0,607 0,0000006070074475 0,00000000167468810 1,675
62 37.2 0,222 4,505 563,38 2253,51 2,254 0,0000022535120916 0,00000000621727112 6,217
63 37.3 0,294 3,401 12,87 51,50 0,051 0,0000000514977981 0,00000000014207857 0,142
64 38.1 0,258 3,876 198,32 793,29 0,793 0,0000007932939174 0,00000000218863852 2,189
65 38.2 0,247 4,049 285,02 1140,08 1,140 0,0000011400761842 0,00000000314538483 3,145
66 383 0,233 4,292 424,63 1698,51 1,699 0,0000016985119328 0,00000000468606724 4,686
67 39.1 0,234 4,274 413,39 1653,56 1,654 0,0000016535646373 0,00000000456206102 4,562
68 39.2 0,233 4,292 424,63 1698,51 1,699 0,0000016985119328 0,00000000468606724 4,686
69 39.3 0,251 3,984 251,41 1005,65 1,006 0,0000010056504005 0,00000000277451415 2,775
70 41.1 0,240 4,167 350,24 1400,96 1,401 0,0000014009633333 0,00000000386515294 3,865
71 41.2 0,142 7,042 OUT OF STANDARDS

72 41.3 0,222 4,505 563,38 2253,51 2,254 0,0000022535120916 0,00000000621727112 6,217
73 43.1 0,262 3,817 170,97 683,86 0,684 0,0000006838635091 0,00000000188672822 1,887
74 43.2 0,245 4,082 302,79 1211,16 1,211 0,0000012111573844 0,00000000334149254 3,341
75 433 0,281 3,559 65,76 263,04 0,263 0,0000002630390405 0,00000000072570502 0,726
76 44.1 0,256 3,906 212,79 851,16 0,851 0,0000008511583203 0,00000000234828207 2,348
77 44.2 0,269 3,717 127,76 511,04 0,511 0,0000005110401692 0,00000000140992156 1,410
78 44.3 0,294 3,401 12,87 51,50 0,051 0,0000000514977981 0,00000000014207857 0,142
79 45.1 0,196 5,102 1036,65 4146,61 4,147 0,0000041466067805 0,00000001144017762 11,440
80 45.2 0,236 4,237 391,54 1566,17 1,566 0,0000015661744556 0,00000000432095805 4,321
81 453 0,236 4,237 391,54 1566,17 1,566 0,0000015661744556 0,00000000432095805 4,321
82 46.1 0,220 4,545 591,89 2367,54 2,368 0,0000023675411570 0,00000000653186878 6,532
83 46.2 0,262 3,817 170,97 683,86 0,684 0,0000006838635091 0,00000000188672822 1,887
84 46.3 0,246 4,065 293,82 1175,28 1,175 0,0000011752841245 0,00000000324252090 3,243
85 48.1 0,250 4,000 259,58 1038,32 1,038 0,0000010383200000 0,00000000286464713 2,865
86 48.2 0,265 3,774 151,75 607,01 0,607 0,0000006070074475 0,00000000167468810 1,675
87 48.3 0,267 3,745 139,53 558,12 0,558 0,0000005581219307 0,00000000153981662 1,540
88 49.1 0,237 4,219 380,92 1523,70 1,524 0,0000015236989927 0,00000000420377143 4,204
89 49.2 0,215 4,651 668,14 2672,58 2,673 0,0000026725792969 0,00000000737344616 7,373
90 49.3 0,296 3,378 5,86 23,46 0,023 0,0000000234585245 0,00000000006472031 0,065
91 50.1 0,272 3,676 110,92 443,66 0,444 0,0000004436611419 0,00000000122402787 1,224
92 50.2 0,257 3,891 205,49 821,96 0,822 0,0000008219555651 0,00000000226771386 2,268
93 50.3 0,265 3,774 151,75 607,01 0,607 0,0000006070074475 0,00000000167468810 1,675
94 52.1 0,247 4,049 285,02 1140,08 1,140 0,0000011400761842 0,00000000314538483 3,145
95 52.2 0,268 3,731 133,59 534,36 0,534 0,0000005343596168 0,00000000147425817 1,474
96 52.3 0,256 3,906 212,79 851,16 0,851 0,0000008511583203 0,00000000234828207 2,348
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Reading n® Standards 12 Absorvance (nm) Duplicates Absorvance (nm) 1/Abs (nm) C (pg/mL)  C (ng/mL) C ion (g/L) [« ion (mol/L) C (nmol/L)
1 S1 0,145 0,145 6,897 3200 32 0,0000032000000 8,8286E-09 8,829
2e9 S2 0,166 0,185 0,176 5,698 1600 16 0,0000016000000 4,4143€-09 4414
3 S3 022 e 0,212 4717 800 08 0,0000008000000 2,2071E-09 2,207
5 S5 0,260 0,260 3,846 200 02 0,0000002000000 5,5179€-10 0,552
6 S6 0,263 0,263 3,802 100 01 0,0000001000000 2,7589€-10 0,276
7 S7 0,273 0,273 3,663 50 01 0,0000000500000 1,3795E-10 0,138
8 S8 0316 0316 3,165 0 00 0,0000000000000 0,0000E+00 0,000
Reading N2 Standards 12 Absorvance (nm) 1/Abs (nm) Concentration (pg/mL) Concentration (ng/mL) Concentration (g/L) Concentration (mol/L) Concentration (nmol/L)
1 s1 0,181 5,525 3200 32 0,0000032 0,0000000088285604 8829
4 S4 0,418 239 400 04 0,0000004 0,0000000011035700 1,104
5 S5 0,498 2,008 200 0,2 0,0000002 0,0000000005517850 0,552
6 S6 0,674 1,484 100 01 0,0000001 0,0000000002758925 0,276
ReadingNe  Standard 12 Absorvance (nm) Duplicates Absorvance (nm) 1/Abs (nm) Concentration (pg/mL) Concentration (ng/mL) Concentration (g/L) Concentration (mol/t) Concentration (nmol/L)
1 s1 0272 0272 3676 3200 32 0,000003200 8,8286E-09 8,829
2 2 0,406 0,406 2463 1600 16 0,000001600 4,4143€-09 4414
3 3 0,533 0533 1,876 800 08 0,000000800 2,2071€-09 2,207
4 S4 0,603 0,603 1,658 400 04 0,000000400 1,1036E-09 1,104
541 s5 0844 0,757 0,757 1321 200 02 0,000000200 5,5179€-10 0,552
6,67 6 0,784 0735 0,784 1276 100 01 0,000000100 2,7589E-10 0276
7,68 s7 0,844 0,637 0,844 1,185 50 01 0,000000050 1,3795€-10 0,138
ReadingNe  Samples Absorvance(nm) 1/Abs(nm)
Concentration (pg/mL) Concentration (pg/mL) C (ng/mL) C (g/V) Concentration (mol/L) Concentration (nmol/L)
10 472 0,733 1,364 205,67 822,68 0823 0, 429 0, 1646 2,270
1 473 0834 1,199 2,53 98,13 0,098 600 0 072880 0271
12 66.2 0,651 1536 398,87 159548 1595 796275 0 4,402
13 66.3 0777 1,287 12041 481,63 0,482 0,0000004816279927 0,00000000132877557 1329
1 67.2 0858 OUT OF STANDARDS
15 673 0733 1364 205,67 822,68 0823 0 9. 0 1646 2270
16 68.2 0,818 1222 49,97 199,88 0,200 0,0000001998806176 0,00000000055145566 0,551
17 683 0,799 1252 81,63 326,51 0327 0,0000003265101740 0,00000000090081712 0,901
18 69.2 0509 1,965 901,98 3607,91 3,608 0 6 9,954
19 69.3 0592 1,689 575,11 230043 2300 98941 0 1383 6,347
20 702 0934 OUT OF STANDARDS
2 703 0,965
22 712 0,854
23 73 0,699 1,431 279,70 1118,79 1,119 0,0000011187876030 0,00000000308665122 3,087
% 72 0576 1,736 629,90 251960 252 0 6,951
2 73 0559 1,789 691,99 2767,97 2,768 0,0000027679678112 0,00000000763661593 7,637
2% 732 0699 1431 279,70 111879 1,119 0,0000011187876030 0,00000000308665122 3,087
27 733 0,659 1517 377,67 151067 1511 721906 0 146 4,168
28 742 0,879 OUT OF STANDARDS
29 743 0,695 1,439 288,93 115573 1,156 0,0000011557317737 0,00000000318857743 3,189
30 75.2 0,669 1,495 3519 1407,83 1,408 X 0 3884
31 753 0,693 1443 293,60 117438 1174 0,0000011743808283 0,00000000324002877 3,240
E?) 762 0946
3 763 0879 OUT OF STANDARDS
34 772 0463 2,160 114121 4564,36 4,565 0,0000045648550415 0,00000001259409326 12,59
35 773 0,726 1377 220,29 881,15 0,881 0,0000008811454166 0,00000000243101423 2,431
36 782 0431 2,320 134248 5369,02 5370 6 0 20851 14815
37 783 0465 2,151 112968 4518,74 4519 0,0000045187395537 0,00000001246686408 12,467
38 79.2 0,748 1337 17536 70145 0,701 45329 0 13 1935
39 793 0783 1277 10959 43838 0438 0,0000004383751175 0,00000000120944412 1,209
40 802 0,562 1779 680,73 72091 2723 0,0000027229102671 0,00000000751230554 7,512
42 812 0,618 1618 492,81 1971,25 1971 0,0000019712544862 0,00000000543854353 5439
43 813 0,699 1,431 279,70 1118,79 1,119 0,0000011187876030 0,00000000308665122 3,087
4 822 0512 1953 888,06 3552,26 3552 0 48 0 204 9,800
5 823 0548 1825 734,49 2937,94 2,938 0,0000029379402419 0,00000000810555714 8,106
6 82 0367 2,725 1869,24 7476,95 7477 0,0000074769515135. 0,00000002062834937 20,628
a7 833 0513 1949 88347 353387 3534 0,0000035338717341 0,00000000974968751 9,750
48 84.2 0,850 ‘OUT OF STANDARDS
49 843 0,608 1,645 523,53 2094,14 2,094 0,0000020941367902 0,00000000577756660 5778
50 852 0563 1,776 677,00 2708,01 2,708 0,0000027080111001 0,00000000747119986 7471
51 853 0550 1818 72662 290647 2,906 15, 0 39 8019
52 86.2 0323 3,09 2376,32 9505,28 9,505 0,0000095052779802 0,00000002622435022 26,224
53 863 0,499 2,004 949,72 379890 3,799 0 0 8087492 10,481
54 87.2 0,522 1916 843,00 3371,99 3372 0,0000033719876925 0,00000000930306156 9,303
55 873 0,473 2,114 1084,68 433873 4339 0,0000043387275963 0,00000001197022457 11,970
56 88.2 0,541 1,848 762,54 305017 3,050 0, 341518747 8,415
57 883 0,607 1,647 526,67 210667 2,107 0,0000021066740265 0,00000000581215590 5812
£ 89.2 0,660 1515 375,06 150023 1,500 0,0000015002317723 0,00000000413902713 4139
59 83 0,655 1527 388,20 1552,79 1553 0,0000015527881592 0,00000000428402626 4284
60 %02 0743 1346 185,32 741,26 0741 0,0000007412640878 0,00000000204509211 2,045
61 90.3 0,572 1,748 644,14 2576,55 2,577 0,0000025765508533 0,00000000710851088 7,109
62 91.2 0511 1957 892,68 3570,72 3571 0,0000035707245821 0,00000000985136176 9,851
63 913 0,730 1370 211,90 847,59 0,848 0,0000008475861137 0,00000000233842662 2,338
64 922 0,762 1312 148,26 593,04 0,593 4 0 1636
65 923 0618 1618 492,81 197125 1971 0,0000019712544862 0,00000000543854353 5439
66 9.2 0614 1629 504,97 201987 2,020 09631 0 267274 5573
69 95.3 0,699 1,431 279,70 1118,79 1,119 0,0000011187876030 0,00000000308665122 3,087
70 96.2 0,701 1,427 27512 1100,49 1,100 0,0000011004902749 0,00000000303617027 3,036
7 %.3 0619 1616 489,80 1959,21 1959 0 40531351 5,405
7 19.0 0777 1,287 12041 48163 0,482 0,0000004816279927 0,00000000132877557 1329
7 200 0,740 1351 191,36 765,43 0,765 0,0000007654349160 0,00000000211177762 2112
7 210 0,608 1,645 52353 2094,14 2,004 0,0000020941367902 0,00000000577756660 57718
75 220 0,621 1,610 48381 1935,25, 1,935 751 0 1171 5,339
76 2.0 0,499 2,004 949,72 3798,90 3,799 0, 492 10,481
77 260 0442 2,262 126952 5078,07 5078 31 0 14,010
78 27.0 0554 1805 711,07 284,29 2,844 285555 0 84717088 7,887
79 280 0370 2,703 1839,78 7359,10 7,359 0 1091 20303
80 30.0 0539 1,855 77071 3082,8 3,083 0 144 8,505
81 310 0916 OUT OF STANDARDS
82 320 0,526 1,901 825,51 3302,05 3,302 0,0000033020499125 0,00000000911010846 9,110
8 330 0599 1,669 552,16 220866 2,209 0 6,094
84 340 0595 1,681 565,20 2260,80 2,261 0,0000022608034461 0,00000000623738743 6,237
85 350 0582 1,718 608,96 243583 2436 94021 0 2027093 6720
86 26,0 0894 OUT OF STANDARDS
87 370 0,808 1238 66,43 265,72 0,266 0,0000002657155279 0,00000000073308925 0733
88 38.0 0,759 1318 153,97 615,90 0,616 4 0 1634 1,699
89 410 0,746 1,340 179,33 717,31 0,717 0,0000007173071495 0,00000000197899672 1979
90 3.0 0,717 1395 239,54 958,17 0958 4 0 2,604
o1 4.0 0,710 1408 254,89 101956 1,020 1 0 89169 2813
92 6.0 0,782 1279 111,38 445,53 0,446 0,00000000122919; 1,229
3 480 0647 1546 409,69 1638,76 1639 7583506 0 121158 4521
94 49.0 0,611 1,637 514,20 2056,80 2,057 0, 4 5,675
95 50.0 0,729 1372 21398 855,94 0,856 851 0, 2,361
% 520 0641 1,560 426,20 1704,80 1,705 0,0000017048040420 0,00000000470342670 4,703
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Reading N¢ samples Absorvance(nm) 1/Abs{nm)

Concentration (pg/mL) Concentration (pg/mL) Concentration (ng/mL) Concentration (g/L) Concentration (mol/L) Concentration (nmol/L)

10 11 0383 2611 486,775 1947,10 1947 0,0000019470994160 0,0000000053719015 5372
11 12 0394 2538 450,068 1800,27 1,800 ) 4,967
12 13 0421 2375 373,59 149439 1,494 ) ) 1228987 4123
13 21 0537 1862 182,204 72882 0729 0,0000007288176435 0,0000000020107533 2,011
14 22 0,789 1,267 OUT OF STANDARDS

15 23 0426 2347 361,260 144504 1,445 3,987
16 31 0416 2404 386,460 154584 1,546 4,265
17 32 0,468 2,137 275,237 110095 1,101 0,0000011009486624 0,0000000030374349 3,037
18 33 0,468 2,137 275,237 110095 1,101 0,0000011009486624 0,0000000030374349 3,037
19 7.1 0422 2370 371,088 148435 1,484 ) 704 J 143 4,095
2 7.2 0,402 2488 425,527 1702,11 1,702 0,0000017021080706 0,0000000046959887 4,69
2 73 0677 1,477 OUT OF STANDARDS

2 91 0390 2564 463,002 1852,01 1852 5110
p] 92 0473 2114 266,768 1067,07 1,067 0 930 2,944
% 93 0502 1992 223,508 894,03 0,894 2,467
2 10.1 0331 3021 721,700 2886,80 2,887 701 7,964
% 102 0355 2817 598,698 2394,79 2395 904305 5 6,607
27 103 0419 2387 378677 1514,71 1515 ) 086982 ) 1789679 4179
2 11 0384 2,604 483,287 1933,15 1933 5333
2 12 0,296 3378 965,559 3862,24 3862 2352374 78 10,656
30 13 0425 2353 363,686 145475 1455 ) 454671 ) 35338 4014
31 121 0350 2,857 621,987 248795 2,488 0,0000024879477551 0,0000000068640616 6,864
32 122 0441 2,268 327,161 130864 1,309 5 3,610
3 123 0,488 2,049 243,219 972,87 0973 40554 2,684
34 131 0,486 2,058 246,206 984,82 0985 0,0000009848248715 0,0000000027170581 2717
3% 132 0,657 1522 96,893 387,57 0388 0 1,069
36 133 0425 2353 363,686 145475 1455 ) 454671 ) 338 4014
37 141 0,701 1,427 OUT OF STANDARDS

38 142 0520 1923 200970 803,88 0,804 2178500 2218
39 143 0,464 2,155 282,252 112901 1,129 0,0000011290069084 0,0000000031148455 3115
40 251 0583 1842 176,102 704,41 0,704 0,0000007044067025 1943
a 252 0328 3,049 739,259 2957,04 2,957 0 41 8,158
2 253 0410 2439 402,632 1610553 1611 ) 252 4,443
3 54.1 0,368 2717 543,009 217239 2172 0,0000021723948771 0,0000000059934748 5993
% 542 0453 2,208 302,711 121084 1211 0,0000012108431377 0,0000000033406256 3341
45 543 0,487 2,053 244,707 978,83 0979 005104 2,701
% 55.1 0413 2421 394,443 1572,77 1578 0,0000015777720866 0,0000000043529550 4353
47 55.2 0434 2304 342,554 137021 1370 0,0000013702149173 0,0000000037803204 3,780
48 553 0337 2967 688,148 2752,59 2,753 0,0000027525931111 0,0000000075941983 7,594
49 56.1 0507 1972 216,948 867,79 0,868 0,0000008677930038 0,0000000023941759 2394
50 56.2 0,440 2273 329,307 1317,23 1317 0,0000013172261157 0,0000000036341282 3634
51 563 0,461 2,169 287,658 1150,63 1,151 0,0000011506307958 0,0000000031745042 3175
52 57.1 0302 3311 916,952 367,81 3,668 0, 192030 10,119
53 57.2 0,290 3448 1017,549 4070,20 4070 0,0000040701956718 0,0000000112293651 11,229
54 573 0335 2985 699,107 279643 27% 0,0000027964291022 0,0000000077151385 7,715
55 58.1 0354 2825 603,266 2413,06 2413 0,0000024130642102 0,0000000066574635 6,657
56 58.2 0376 2660 512,098 2048,39 2,048 10 5,651
57 583 0,467 2,141 276,970 110788 1,108 0,0000011078818750 0,0000000030565631 3,057
58 59.1 0,408 2451 408,209 163284 1633 0 4 709 4,505
59 59.2 0,465 2,151 280478 121,91 1,122 0,0000011219104914 0,0000000030952670 3,005
60 593 0450 2222 308,605 123442 1,234 0,0000012344217284 0,0000000034056771 3,406
61 60.1 0,466 2,146 278717 111487 1,115 0,0000011148689834 0,0000000030758400 3,076
62 60.2 0455 2,198 298,858 119543 1,195 0,0000011954325516 0,0000000032981089 3298
63 603 0231 4329 1792,541 7170,16 7,170 0,0000071701636356 0,0000000197819446 19,782
64 6L1 0,448 2232 312614 1250,46 1,250 0,0000012504562372 0,0000000034499151 3450
65 612 0,391 2558 459,725 183890 1839 5073
66 613 0540 1,852 179,121 71648 0716 0,0000007164837311 0,0000000019767250 1977
67 62.1 0348 2874 631,623 252649 252 0,0000025264932012 0,0000000069704056 6970
68 622 0338 2959 682,751 2731,00 2731 0,0000027310028977 0,0000000075346325 7,535
69 623 0,581 1721 142,811 571,24 0571 0,0000005712430457 0,0000000015760168 1576
70 641 0499 2,004 227,561 910,24 0910 0 12952 2511
7 64.2 0,491 2,037 238,820 955,28 0955 2636
7 643 0,458 2,183 293,192 172,77 1173 0,0000011727677687 0,0000000032355785 3236
73 65.1 0622 1,608 115,254 461,02 0,461 1 2719095 1272
74 65.2 0,402 2488 425,527 170,11 1,702 0,0000017021080706 0,0000000046959887 4,69
75 653 0584 1712 140531 562,12 0,562 0 1230: 1,551
76 10 0,368 2717 543,009 217239 2172 0,0000021723948771 0,0000000059934748 5993
7 20 0,391 2558 459,725 183890 1839 5073
78 30 0319 3,135 795316 3181,27 3,181 [ 2655709 [ 6 8777
79 7.0 0,388 2577 469,643 187857 1879 0,0000018785717334 0,0000000051828388 5183
80 90 0552 1812 167,414 669,66 0670 5299 1,848
81 10.0 0420 2381 376,126 1504,50 1505 0,0000015045046712 0,0000000041508157 4,151
8 110 059 1678 131854 527,42 0527 0,0000005274166101 0,0000000014551029 1,455
8 130 0541 1,848 178,107 71243 0712 0,0000007124298228 0,0000000019655405 1,966
84 140 0,601 1,664 128438 513,75 0514 0,0000005137519447 0,0000000014174031 147
85 150 0502 1992 223,508 894,03 0,894 ) 2,467
86 16.0 0,401 2,494 428502 171401 1714 0,0000017140070781 0,0000000047288172 4729
87 250 0,408 2451 408,209 163284 1633 09 4,505
88 54.0 0532 1,880 187,491 749,96 0,750 761 2,069
89 55.0 0,397 2519 440,663 1762,65 1763 0,0000017626534870 0,0000000048630290 4863
90 56.0 0,597 1675 131,162 524,65 0525 0,0000005246474175 0,0000000014474629 1,847
91 57.0 0561 1,783 159,251 637,00 0637 0 4391 574448 1757
92 59.0 0,398 2513 437,583 175033 1,750 0,0000017503320664 0,0000000048290351 4829
93 610 0335 2985 699,107 279643 27% 0,0000027964291022 0,0000000077151385 7,715
9% 620 0734 1,362 OUT OF STANDARDS

9% 64.0 0,603 1658 127,103 50841 0508 11049 1,403
% 65.0 0413 2421 394,443 1577,77 1578 0,0000015777720866 0,0000000043529550 4353

Standard Curve (em pg/mL) Standard Curve (em pg/mL)

= 1723000 851,070+ 055,22
R*= 09878

Standard Curve 1 (em pg/mL 00 o -

v = 82,813 +884,1x - 1154,6 o
0,9964 I

1,00 150 00 2,50 3,00 3,50

bsorvance (nm)
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APPENDIX 12: Cortisol statistic results to Cross-sectional study.

Pairwise Comparisons

Sample 1- Test Std. Test

Sample 2 Statistic | Std. Error | Statistic Sig. Adj. Sig.2
Cortisol3- 0,596 0,206 2,888 0,004 0,012
Cortsol2

Cortisol3- 0,681 0,206 3,301 0,001 0,003
Cortisoll

Cortsol2- 0,085 0,206 0,413 0,680 1,000
Cortisoll

Each row tests the null hypothesis that the Sample 1 and Sample 2

a. Significance values have been adjusted by the Bonferroni correction for

Poisson Regression

Parameter Estimates

Interval Hypothesis Test
Wald Chi-
Parameter B Std. Error Lower Upper Square df Sig.
(Intercept) 4,059 0,9795 2,139 5,978 17,170 1 0,000
Sbp_mmH 0,007 0,0025 0,002 0,012 8,533 1 0,003
g T2
Dbp_mmH -0,005 0,0044 -0,014 0,003 1,527 1 0,217
T2
Beats_min -0,003 0,0046 -0,012 0,006 0,521 1 0,470
_T2
Breaths_mi 0,091 0,0337 0,025 0,158 7,352 1 0,007
n T2
Percent_S -0,034 0,0070 -0,047 -0,020 22,910 1 0,000
pO2_T2
VAS_T2 -0,019 0,0163 -0,051 0,013 1,400 0,237
Cortsol2 -0,021 0,0188 -0,058 0,015 1,297 0,255
(Scale) 12
Dependent Variable: Movimentos_Global
a. Fixed at the displayed value.
STAL_S T1| VAS T2
CortisolT2 Correlation -0,187 0,019
Coefficient
Sig. (2- 0,198 0,895
tailed)
N 49 49
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APPENDIX 13: Physiological results for Cross-sectional study.

D i 12 T3 T4 T5

bp (mmHgfop i i1 %Sp02 fbp (mmHghop i i %Sp02 (Sbp (mm{Dbp ( I hs/m%Sp02 (Sbp (mm{Dbp (mm{Beats/mirBreaths/n%Sp02 [Shp (mmﬁﬂhp(mmdﬂezls/min Breaths/m{%Sp02
02 129 | 79 [ 55 | 15 | 97 [ 137 | 70 | 59 | 16 | 99 | 143 | 78 | 63 | 16 | 99 | 131 | 76 | 70 | 17 | 9% | 127 | 8 | 60 | 16 | 9%
03 169 | 89 | 70 | 14 | 99 | 158 | 63 | 89 | 14 | 99 | 136 | 73 | 66 | 14 | 99 | 163 | 8 | 71 | 16 | 99 | 157 | 81 | 68 | 15 | 81
04 158 | 89 | 64 | 13 | 70 | 169 | 69 | 62 | 14 | 89 | 137 | 73 | 62 | 13 | 99 | 166 | 78 | 69 | 14 | 94 | 149 | 83 | 64 | 14 | 99
05 158 | 78 | 57 | 14 | 97 | 149 [ 104 | 53 | 14 | 9 | 139 | 68 | 57 | 14 | 94 | 159 | 76 | 61 | 15 | 92 | 17| 92 | 61 | 15 | 97
06 140 | 95 | 78 | 13 | 99 [ 138 | 99 | 8 | 13 | 98 | 136 | 90 | 79 | 15 | 99 | 137 | 91 | 8 | 16 | 98 | 140 ] 89 | 70 | 15 | 9
07 182 | 109 | 65 | 12 | 99 | 178 | 116 | 60 | 12 | 98 | 153 | 95 | 64 | 12 | 99 | 169 | 1202 | 59 | 14 | 97 | 187 [ 105 | 70 | 13 | 9
08 W8 | 71 | 72 | 13 | 74 | 108 | 67 | 69 | 14 | 97 | 133 | 76 | 76 | 14 | 99 | 120 | 74 | 8 | 15 | 9% | 14| 73 | 88 | 14 | B
09 B3| 72 [ 7| 16| 9 [ 126 74| 79| 17| 98 |13 7 |77 |17 | 98 | 10861 |50 | 18|99 |119]74 |8 |17 |9
10 140 | 89 | 75 | 15 | 99 [ 132 | 88 | 73 | 14 | 70 | 125 | & | 78 | 14 | 98 | 150 | 127 | 92 | 15 | 97 | 126 | 81 | 74 | 16 | 9
1 155 | 83 | 66 | 15 | 99 | 157 | 84 | 65 | 15 | 99 | 157 | 77 | 65 | 16 | 99 | 160 | 8 | 68 | 17 | 72 | 148 | 81 | 64 | 18 | 99
01 149 | 67 | 61 | 13 | 95 | 158 | 68 | 64 | 14 | 93 | 151 | 64 | 62 | 13 | 97 | 150 | 55 | 56 | 15 | 97 | 163 | 68 | 63 | 15 | 97
12 133 | 88 | 70 | 14 | 99 [ 136 | 89 | 70 | 14 | 99 | 138 | 80 | 73 | 15 | 99 | 135 | 8 | 84 | 16 | 98 | 129 | 87 | 46 | 14 | 9
13 153 | 73 [ 70 | 13 | 97 [ 150 | 87 | 71 | 13 | 97 | M7 | 73 | 77 | 12 | 9 | 147 | 76 | 80 | 14 | 97 | 157 | 80 | 70 | 13 | 9
14 186 | 113 | 71 | 12 | 93 [ 150 | 205 | 70 | 12 | 98 | 151 | 99 | 73 | 12 | 99 | 183 | 105 ) 49 | 13 | 93 | 203 [ 119 | /5 | 13 | 9
15 179 | 86 | 74 | 11 | 95 [ 191 | 87 | 67 | 12 | 97 |18 | 71 | 76 | 12 | 9% | 198 | 74 | 70 | 14 | 94 | 19776 | 4|09
17 140 | 78 | 72 | 14 | 9% | 141 | 8 | 74 | 15 | 95 | 138 | 77 | 71 | 18 | 93 | 156 | 81 | 77 | 20 | 9% | 134 | 78 | 8 | 15 | #
18 171 | 9 [ 201 | 16 | 98 | 159 | 89 | 95 | 16 | 9 | 150 | 76 | 101 | 16 | 99 | 142 | 72 | 120 | 19 | 9% | 167 | 8 | 98 | 15 | 98
19 98 | 52 | 50 | 14 | 99 | 98 | 56 | 55 | 15 | 98 | 113 | 58 | 54 | 13 | 99 | 123 | 57 | 72 | 16 | 94 | 104 | 62 | 56 | 14 | 9
20 122 | 8 | 70 | 18 | 98 | 112 | 76 | 61 | 17 | 99 | 116 | 72 | 65 | 17 | 97 | 112 | 74 | 63 | 20 | 8 | 12| 78 | 74 | 16 | 9
21 191 | 8 | 8 | 14 | 99 | 180 | 80 | 8 | 15 | 97 | 197 | 75 | 8 | 14 | 97 | 209 | 8 | 9 | 18 | 9% | 193 | 84 | 90 | 13 | %8
2 163 | 70 | 79 | 18 | 97 | 161 | 69 | 74 | 16 | 98 | 154 | 64 | 77 | 14 | 97 | 162 | 59 | 73 | 16 | 9% | 167 | 75 | 8 | 15 | 91
23 182 | 78 | 55 | 16 | 97 | 194 | 89 | 55 | 15 | 97 | 160 | 81 | 44 | 16 | 9 | 19 | 78 | 65 | 16 | 98 | 192 | 92 | 57 | 18 | 9%
26 135 ] 80 | 64 | 14 | 98 | 137 | 83 | 64 | 13 | 97 | 145 | 79 | 62 | 14 | 9 | 119 | 99 | 59 | 18 | 9% | 158 | 88 | 75 | 15 | 9
21 158 | 88 | 83 | 14 | 98 | 156 | 89 | 76 | 14 | 9 | 170 | 87 | 95 | 17 | 9 | 163 | 88 | 103 | 18 | 97 | 136 | 8 | 92 | 15 | B
28 128 | 75 | 73 | 14 | 97 | 147 | 75 | 81 | 15 | 97 | 127 | 95 | 90 | 14 | 98 | 144 | 68 | 91 | 17 | 9% | 155 | 73 | 89 | 15 | 9
29 184 | 114 | 72 | 15 | 97 | 175 | 108 | 63 | 15 | 72 | 154 | 105 | 67 | 16 | 99 | 175 | 91 | 8 | 18 | 97 | 159 | 92 | 74 | 14 | 9B
30 165 | 92 | 98 | 16 | 99 | 147 | 93 | 77 | 15 | 99 | 146 | 90 | 89 | 15 | 99 | 121 | 99 | 94 | 16 | 99 | 157 | 100 | & | 17 | 9
31 166 | 78 | 58 | 15 | 98 | 178 | 89 | 45 | 15 | 98 | 183 | 74 | 42 | 13 | 99 | 180 | 88 | 59 | 14 | 9% | 191 | 8 | 49 | 14 | 9
16 145 | 117 | 61 | 17 | 97 | 154 | 67 | 65 | 16 | 9 | 141 | 69 | 68 | 13 | 99 | 133 | 64 | 76 | 17 | 69 | 146 | 66 | 70 | 13 | %2
2% 144 | 67 | 51 | 16 | 98 | 140 | 73 | 53 | 15 | 94 | 127 | 69 | 57 | 13 | 97 | 162 | 80 | 53 | 12 | 99 | 156 | 78 | 50 | 12 | 9
25 149 | 87 | 74 | 16 | 97 | 144 | 84 | 8 | 14 | 9 | 157 | 69 | 79 | 12 | 98 | 158 | 81 | 106 | 15 | 98 | 145 | 87 | 97 | 12 | %8
34 137 ] 8 [ 66 | 12 | 97 [ 139 | 8 | 59 | 12 | 97 | 141 | 73 | 75 | 13 | 98 | 149 | 75 | 69 | 12 | 9% | 167 | 107 | 70 | 14 | 9
35 180 | 86 | 72 | 13 | 99 [ 179 | 8 | 72 | 12 | 98 | 164 | 74 | 71 | 13 | 97 | 175 | 8 | 68 | 15 | 92 | 196 | 8 | 71 | 13 | 9
36 BL| 77 [ 76 | 14 | 98 |17 | 79 | 71 | 13 | 98 | 115 | 69 | 78 | 14 | 99 | 125 | 73 | 92 | 13 | 98 | 13376 |8 | 1|9
31 154 | 84 | 59 | 13 | 97 | 156 | 8 | 60 | 12 | 9 | 172 | 8 | 5 | 13 | 95 | 158 | 78 | 95 | 17 | 98 | 151 | 83 | 68 | 11 | 93
38 163 | 79 | 53 | 13 | 9% | 188 | 79 | 51 | 12 | 94 |18 | 76 | 51 | 12 | 97 | 195 | 8 | 56 | 12 | 9 | 25| 79 | 53 | 11 | %8
40 164 | 78 | 44 | 16 | 99 | 175 | 8 | 49 | 18 | 98 | 180 | 89 | 54 | 18 | 99 | 195 | 90 | 65 | 19 | 9% | 179 | 9% | 64 | 18 | 9
2 131 | 68 | 77 | 14 | 95 [ 123 | 70 | 78 | 13 | 97 | 107 | 62 | 34 | 12 | 9 | 111 | 66 | 8 | 12 | 92 | 125 | 69 | 8 | 14 | 9
3 154 | 97 [ 89 | 13 | 9% | 126 | 80 | 8 | 14 | 9% | 128 | 79 | 73 | 12 | 97 | 143 | 8 | 112 | 13 [ 97 | 41| 84 | 2 | 1|9
39 143 | 78 | 70 | 13 | 98 | 140 | 70 | 68 | 13 | 98 | 139 | 63 | 64 | 12 | 98 | 160 | 81 | 70 | 15 | 98 | 154 | 76 | 65 | 13 | 99
45 159 | 97 | 66 | 14 | 97 | 177 [ 102 | 66 | 12 | 98 | 169 | 92 | 73 | 12 | 98 | 166 | 88 | 80 | 18 | 97 | 165 | 93 | 69 | 12 | 9
46 160 | 84 | 62 | 13 | 93 | 166 | 78 | 47 | 12 | 80 | 166 | 8 | 73 | 12 | 93 | 140 | 69 | 65 | 17 | 91 | 151 | 63 | 66 | 13 | 97
A 137 ] 88 | 62 | 13 | 97 | 146 | 8 | 63 | 12 | 9 | 140 | 84 | 58 | 14 | 94 | 143 | 84 | 69 | 18 | 95 | 151 | 89 | 60 | 12 | 97
3 152 | 88 | 54 | 12 | 97 | 159 | 93 | 55 | 11 | 98 | 181 | 90 | 52 | 12 | 99 | 156 | 90 | 54 | 16 | 97 | 191 | 102 | 51 | 12 | 9
4 136 | 80 | 69 | 12 | 99 | 160 | 8 | 67 | 11 | 99 | 140 [ 78 | 35 | 12 | 99 | 144 | 106 | 67 | 14 | 97 | 135 | 72 | 67 | 13 | 9
4 151 | 86 | 59 | 12 | 99 | 163 | 87 | 63 | 13 | 90 | 163 | 8 | 55 | 13 | 92 | 150 | 8 | 50 | 15 | 90 | 155 | 92 | & | 14 | 9
49 147 | 87 | 8 | 12 | 99 | 146 | 8 | 76 | 13 | 99 | 143 | 80 | 69 | 14 | 99 | 166 | 8 | 76 | 16 | 99 | 149 | 74 | 80 | 13 | 9
50 159 | 84 | 71 | 12 | 98 | 156 | 8 | 67 | 14 | 97 | 161 | 80 | 63 | 14 | 99 | 143 | 84 | 59 | 14 [ 99 | 42| 7MW |8 | 1|9
51 167 | 103 | 67 | 14 | 97 | 177 | 106 | 63 | 14 | 98 | 164 | 89 | 73 | 13 | 99 | 164 | 105 | 71 | 15 | 97 | 173 | 8 | 66 | 13 | 98
52 177 ] 87 | 60 | 12 | 98 | 169 | 92 | 67 | 14 | 99 | 136 [ 68 | 70 | 12 | 97 | 180 | 8 | 84 | 14 [ 99 | 179 | 92 | 65 | 12 | 9
53 127 76 | 55 | 11 | 98 | 122 | 69 | 55 | 13 | 97 | 125 | 74 | S6 | 11 | 97 | 139 | 69 | 64 | 14 | 97 | 134 ] 80 | 61 | 13 | 9
54 138 | 82 | 91 | 13 | 98 | 143 | 81 | 8 | 12 | 97 | 154 | 78 | 8 | 14 | 98 | 152 | 8 | 91 | 16 [ 9% |10 | & | 72 | 13 | 9
48 174 | 115 | 96 | 16 | 86 | 170 | 110 | 80 | 15 | 90 | 172 [ 101 | 95 | 15 | 8 | 164 | 90 | 100 | 17 | 97 | 157 | 102 | 84 | 14 | 90
55 176 | 84 | 65 | 13 | 97 | 176 | 76 | 62 | 12 | 95 | 169 | 69 | 63 | 14 | 97 | 180 | 72 | 83 | 12 | 98 | 181 | 80 | 65 | 12 | 98
56 168 | 87 | 64 | 12 | 97 | 157 | 81 | 61 | 12 | 98 | 156 | 65 | 56 | 12 | 97 | 153 | 8 | 61 | 11 | 89 | 161 | 68 | 69 | 12 | 97
57 146 | 94 | 62 | 11 | 99 | 143 | 91 | 72 | 13 | 97 | 153 | 89 | 61 | 11 | 89 | 149 | 88 | 65 | 13 | 95 | 149 | 90 | 56 | 11 | 9
58 150 | 81 | 70 | 11 | 97 | 150 | 68 | 59 | 12 | 99 | 164 | 67 | 62 | 11 | 98 | 141 | 72 | 63 | 14 | 99 | 160 | 69 | 63 | 12 | 98
59 163 | 102 | 70 | 12 | 98 | 150 | 87 | 68 | 13 | 99 | 144 | 88 | 67 | 12 | 97 | 158 | 84 | 68 | 14 [ 99 | 156 | 81 | 75 | 12 | 99
64 190 | 95 | 59 | 14 | 99 | 187 | 92 | 60 | 12 | 98 | 174 | 88 | 65 | 15 | 99 | 180 | 102 | 8 | 15 | 99 | 167 | 93 | 56 | 13 | 97
60 177 ] 86 | 55 | 12 | 9 | 178 | 89 | 55 | 12 | 97 | 165 | 77 | 66 | 12 | 97 | 18 | 90 | 62 | 13 | 97 | 192 | 8 | 69 | 12 | 9B
61 12| 77 | & | 12| 9 [ 169 | 8 | 71 | 12 | 99 | 150 [ 62 | 79 | 12 | 95 | 157 | 75 | 99 | 15 | 98 | 151 | 84 | 69 | 12 | &
62 136 | 79 [ 65 | 12 | 98 [ 139 | 75 | 63 | 13 | 98 | 135 | 68 | 77 | 12 | 97 [ 132 | 73 | 80 | 14 [ 94 | 19|64 | 2| U |9
65 03] 73 [ 65 | 11 | 99 [ 118 | 74 | 78 | 12 | 98 | 106 | 69 | 61 | 13 | 99 | 105 | 68 | 50 | 14 | 90 | 131 ] 8 | 61 | 11 | 91
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APPENDIX 14: Physiological statistic results.

Standard
Minimum  Maximum  Mean  Deviation
Sby Hg_T 98 191 153 21
Lop-mmre- Estimates Estimates Estimates
?bpimmng 52 17 85 12 Measure: MlEASUR E Measure: MlEASURE essure: MlEASUR E
Beats_minT1 12 101 67 14 B Evaluation M Evaluation_Mo
Evaluation_Moment oment ment
Breaths_min_T 11 59 14 6 Upper Upper Upper
1 Mean Bound Mean Bound Mean Bound
Percent_SpO2 70 99 97 5 Sbp_T1, 152,698 157,876 Dbp_T1, 85222 88,305 Beats/min_T1 67,302 70,810
T
Sbp_mmHg_T 98 194 153 21 Sbp_T2 152,921 158,258 Dbp_T2 83524 86,564 Beats/min_T2 67,302 70,041
2
Dbp_mmHg_T 56 116 84 12 Sbp_T3 149,048 154,114 Dbp_T3 77937 80,547 Beats/min_T3 67,714 71,081
2
Beats_min_T2 45 95 67 11 Sbp_T4 153,794 159,638 Dbp_T5 81984 85235 Beats/min_T4 73794 78,244
Breaths_min_T 11 18 14 2 Sbp_T5 156,651 162,546 Dbp_T5 82921 85721 Beats/min_T5 70,460 73,500
2
Percent_SpO2 70 99 % 5
T2
?bp*mmHgJ 108, 197 149 20 Estimates Estimates
pr,mmHg,T 58 105 78 10 Measure: MlEASUR E Measure: MlEASURE
Beats_min_T3 34 101 68 13 B Evaluation_M ~
Evaluation_Moment oment
Breaths_min_T 1 18 14 2
3 Mean Mean
Percent_SpO2 85 99 97 3 Breaths/min_T1 14,300 Sp02%_T1 96,600
T3
Sbp_mmHg_T 105 209 154 23 Breaths/min_T2 13,600 Sp02%_T2 95,900
4
Dbp_mmHg_T 55 127 82 13 Breaths/min_T3 13,600 Sp02%_T3 97,100
4
Beats_min_T4. 19 120 74 18 Breaths/min_T4 16,100 Sp02%_T4 95,200
Breaths_min_T 11 65 16 7 Breaths/min_T5 13,600 SpO2%_T5 96,800
4
Percent_SpO2 69 99 95 6
T4
Sbp_mmHg_T 104 215 157 23
5
gbpﬁmmHgﬁT 62 119 83 1 Estimates
Beats_min_T5 46 98 70 12 MEASURE
Measure: b
Breaths_min_T 1 18 14 2 Evaluation M
5 oment
Percent_SpO2 81 99 97 3 Upper
TS Mean Bound
Beats/min_T1 67,302 70,810
Beats/min_T2 67,302 70,041
Beats/min T3 67,714 71,081
Beats/min T4 73794 78,244
Correlations i 70,460 73,500
Sbp_mmH | Dbp_mmH |Beats_min |Breaths_mi
g_T2 g_T2 _T2 n_T2 |Percent_SpO2_T2
STALS_T1  Correlation 0,126| 0,197| 0,064 0,069 -0,134]
Coefficient
Sig. (2- 0,326 0,122 0,619 0,592 0,294
tailed)
N 63| 63| 63| 63 63|
VAS_T2 Correlation 0,005 0,049 0,007, 0,143 -0,054]
Coefficient
Sig. (2- 0,966 0,704 0,958 0,265 0,675
tailed)
N 63| 63| 63| 63 63|
Cortsol2 Correlation -0,093] 0,186 0,073 0,013 0,040}
Coefficient
Sig. (2- 0,526 0,202 0,620 0,930 0,785
tailed)
N 49) 49 49) 49, 49
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APPENDIX 15: Image quality data to Cross-sectional study.

Movements | Movements %Noise Contrast % Noise Contrast % Noise Contrast
ID >1 <0.5 (SA) (SA) (VLA) (VLA) (HLA) (HLA)
03 0 10 31,7691 12,6970 31,5452 7,6093 31,2154 3,0398
04 0 10 31,6700 21,9820 30,6767 23,4997 29,8717 26,0480
05 0 12 31,1678 11,8283 29,4241 11,1768 30,6823 9,3080
06 0 10 33,1071 4,5482 31,1257 4,1201 31,6053 7,4232
07 0 6 32,5214 4,2176 30,9551 2,7989 30,7596 4,6260
08 0 0 32,1018 16,2323 30,2400 7,3342 29,6971 21,7296
09 0 12 32,6462 7,6543 30,4780 3,5774 30,1278 9,8970
10 0 16 32,1214 16,1532 30,1309 4,2015 28,9166 6,1458
11 2 12 30,3320 12,8973 29,5052 7,8864 29,4308 3,4091
01 2 16 34,1053 5,8386 32,4032 4,4882 32,1556 1,9022
12 0 8 28,4489 6,5734 27,2013 4,7387 26,8241 3,1898
13 0 14 32,9565 8,6174 31,3965 2,3687 31,3217 8,8300
14 0 16 32,1795 2,6221 30,1816 2,3613 29,1292 2,3595
15 0 22 33,5889 4,6096 32,3004 2,9302 32,4403 1,1496
17 0 15 32,5441 9,5079 29,6375 4,1524 29,4871 1,7830
18 0 24 29,9708 2,8937 27,9214 3,7211 28,2807 1,8708
19 0 2 31,3168 5,0235 29,6379 9,9506 29,5835 3,5277
20 2 13 29,7141 2,9280 29,0659 4,3245 29,5234 2,3853
21 0 18 29,5954 7,3454 27,6536 22,8057 27,3500 4,9431
22 0 13 33,5912 6,4957 31,4075 5,2469 31,6726 5,5994
23 0 16 32,7400 5,6412 30,8290 2,7791 30,3732 10,2461
26 2 16 32,7967 4,9287 30,7107 4,5550 31,0694 3,1540
27 0 0 30,2609 14,5540 29,5080 2,3571 28,9805 3,8597
28 0 8 31,3108 16,7942 30,9033 2,6570 29,1070 10,0171
29 0 0 32,3285 9,5650 30,7490 4,0964 31,1674 5,4337
30 0 4 33,0071 11,8183 31,9148 3,4946 32,2557 25,8341
31 0 8 31,7318 3,1269 30,6856 5,6859 30,5700 3,7112
16 0 14 31,0777 5,6941 30,5780 3,2848 31,1261 4,4677
24 0 2 31,5741 5,1494 31,3468 1,8381 29,6771 8,7623
25 0 16 31,2241 2,4754 29,4874 2,6545 29,4506 1,7302
34 0 6 28,1965 19,2289 28,2747 8,1764 28,2368 4,8808
35 0 14 32,5323 3,8618 30,6755 1,9286 31,6143 6,4480
36 0 8 31,8620 8,8731 31,1695 3,3772 30,9330 28,9882
37 2 10 32,8403 6,3927 31,8547 2,7281 31,4783 42,4165
38 0 4 35,2699 8,0200 33,1248 4,3512 31,7969 4,1631
40 8 18 33,4544 5,8348 31,0023 5,5338 30,8764 4,5052
32 0 2 33,9000 8,8554 31,8998 3,2236 31,2247 5,4006
33 0 6 31,6681 7,8383 30,3301 4,4464 29,9797 3,7186
39 2 16 34,8553 2,6027 33,8496 3,7400 33,4024 2,0445
45 0 18 30,6119 2,7390 30,1005 7,8944 30,6605 3,2736
46 0 4 29,9978 5,8066 28,6377 3,5963 28,6422 5,0234
42 0 9 31,9400 23,3824 29,7302 8,4055 29,8951 18,6447
43 2 11 32,2535 12,0994 31,2752 4,2140 31,8938 5,3214
41 0 8 31,8547 4,0493 29,6753 6,2589 30,0876 2,9167
44 0 6 32,3466 3,1306 29,7661 3,2235 29,8468 3,2779
49 6 13 31,3751 3,8921 30,1329 41618 29,9412 2,4192
50 0 11 33,5237 5,5056 32,1797 2,7167 31,6710 1,3613
51 0 12 30,7069 4,2195 28,3487 2,4823 28,0911 1,5477
52 0 12 28,1981 12,1632 27,9367 3,2560 26,8646 4,5014
53 0 19 31,8370 1,5823 30,4559 2,8110 30,9190 2,1390
54 2 18 30,9498 8,7560 30,4224 2,8107 29,8235 2,1385
48 0 14 31,4114 7,0943 29,8702 2,0363 30,1517 3,2774
55 0 12 31,7289 2,7651 30,5875 9,8883 30,6963 4,8448
56 2 12 32,0900 6,5586 30,9235 1,9626 29,7979 2,4675
57 0 14 31,9645 5,0692 30,3741 3,3817 31,2626 5,3432
58 0 12 32,2962 4,3070 32,3155 4,9739 30,7502 2,4800
59 4 12 31,5276 2,7714 31,1170 1,9393 31,5366 1,8584
64 14 20 32,1322 2,6611 30,5768 3,3009 30,0326 23,4606
60 0 12 31,7522 3,6470 29,9632 5,5135 30,2616 2,7385
61 4 6 28,4204 3,3775 28,2736 7,6038 27,5745 2,5554
62 0 8 32,7196 3,9051 31,6829 3,2439 31,4677 2,1571
65 0 9 32,5852 3,3723 32,4048 6,6074 31,1685 2,7188
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APPENDIX 16: Image quality statistic results to Cross-sectional study.

LHA: LHA: LVA: LVA: SA: SA: Sh Db Beats_ Breath N of
. ‘ : STALS  VAS P P S BIEN h 0006
%Noise  Contrast ~ %Noise  Contrast % Noise  Contrast (mmHg) (mmHg) min  s_min movements
Spearman’ Correlation 1,000) 0,100] 838"] 0,076 760 0126] 0205 0084 0,009 018] 300 0013 -0,158] 0105
srho _ Coefficient
LHA: %Noise sjg. (2-tailed) 0439) 0,000, 0,556| 0,000 0330 0110, 0515 0,945 0158 0119 0923 0220 0416
N 62 62 62 62 62 62 62 62 62 62 62 62 62 62
LHA Correlation 0,100 1,000 0054 0,127 -0,049) 68| 4267|0194 0,067] 0131 0151 0176  -0,034| 0,054
Contrast Coefficient
Sig. (2-tailed) 0439 0675 0,326 0,705 0000 0001 013 0,603 031 0240 0171 0793 0679
N 62 62 62 62 62 62 62 62 62 62 62 62 62 62
LVA %Noise Correlation 838" 0,054 1,000 0,148 802" 0186 009  -0,024 0,078 0,088 14| 0060 0020 0,046
Coefficient
Sig. (2-tailed) 0,000 0,675 0,251 0,000 0149  0486| 085 0,547 0495 0013 0642 0875 0,725
N 62 62 62 62 62 62 62 62 62 62 62 62 62 62
LVA Correlation 0076 0,127 0,148 1,000 0,072 264| 0006 0082 0120 0034 0063 0140 -0,145) 0,045
Contrast Coefficient
Sig. (2-tailed) 0,556 0,326 0,251 0578 0038 0961 0528 0353 0793 o624  0277| 0262 0,731
N 62 62 62 62 62 62 62 62 62 62 62 62 62 62
SA Correlation 7697 -0,049) 802" 0072 1,000 0248 0139 0087 0,132 0,093 281 0072 0064 -0,001
%Noise Coefficient
Sig. (2-tailed) 0,000 0,705 0,000 0578 0052 0280 0502 0,305 0473 0027 0580 0,623 0992
N 62 62 62 62 62 62 62 62 62 62 62 62 62 62
SA: Contrast Correlation 0,126 568"] -0,186 2641 -0,248 1000 0108 0134 0,082 0107 0174 0150  -0,051] 0,073
Coefficient
Sig. (2-tailed) 0330 0,000 0,149 0,038 0,052 0405 0298 0527 0408 0177 0243 0692 0570
N 62 62 62 62 62 62 62 62 62 62 62 62 62 62
STARS Correlation 0,205] 426" 0,090) 0,006 0,139) 0108 1,000 284 0126 0197, 0064/ 0069 -0,134] 0,135
Coefficient
Sig. (2-tailed) 0110 0,001 0,486 0,961 0,280) 0,405 0,024 0326 0122 0619 059 0,294 0,29
N 62 62 62 62 62 62 63 63 63 63 63 63 63 63
VAS Correlation 0,084 0,194 0,024 -0,082) -0,087] 0,134 84| 1,000 0,005 0049 0007 0143  -0,054 0,051
Coefficient
Sig. (2-tailed) 0515 0,132 0,851 0528 0502 0298 0,024 0,966 0704 0958 0265 0,675 0,690
N 62 62 62 62 62 62 63 63 63 63 63 63 63 63
Sbp (mmHg) Correlation -0,009 0,067 -0,078 0,120) -0,132) 0082 0126 0005 1,000 a6 20| -0071] 0007 0118
Coefficient
Sig. (2-tailed) 0945 0,603 0,547 0,353 0,305 0527 0326 0966 0001 0040 0180  0450) 0,356
N 62 62 62 62 62 62 63 63 63 63 63 63 63 63
Dbp Correlation 0181 0,131 0,088 0,034 0,093 0107 0197 0049 416" 1000 0010 0159 0,009 0,020
(mmHg) Coefficient
Sig. (2-tailed) 0158 0,311 0,495 0,793 0473 0408 0122 0704 0,001 093 0212 0946 0875
N 62 62 62 62 62 62 63 63 63 63 63 63 63 63
Beats_min  Correlation 3004 0,151 314 0,063 281 0174 0064 0007 -260° -0010[ 1000 0158 0063 0,022
Coefficient
Sig. (2-tailed) 0,119) 0,240) 0013 0,624 0,027 0177 0619 0958 0,040 0,936 0215 0622 0,864
N 62 62 62 62 62 62 63 63 63 63 63 63 63 63
Breaths_min Correlation 0,013 0,176 0,060 0,140) -0,072) 0150, 0069 0143 0171 0159 0158 1,000 0057 0,182
Coefficient
Sig. (2-tailed) 0923 0,171 0,642 0,277 0,580) 0243  05% 0265 0,180 0212 0215 0,654 0,153
N 62 62 62 62 62 62 63 63 63 63 63 63 63 63
Sp02%  Correlation -0,158 0,034 0,020 -0,145] 0,064 0051 0134 0054 -0,097 0009 0063 0057 1,000 0,057
Coefficient
Sig. (2-tailed) 0,220 0,793 0875 0,262 0623 0692 0204 0675 0,450 0946 0622 0654 0,656
N 62 62 62 62 62 62 63 63 63 63 63 63 63 63
N of Correlation 0105 0,054 0,046 0,045, -0,001] 0073 0135 0051 0118 0020 002 018 0057 1,000
mowements  Coefficient
ig. (2-taile r X A A ) X ¥ A ;s X X ) A
Sig. (2-ailed 0416 0,679 0,725 0,731] 0,992 0570 0200 0,690 0,356 0875 0864 0153 0,656
N 62 62 62 62 62 62 63 63 63 63 63 63 63 63

**, Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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APPENDIX 17: Socio-demographic data for Pilot Study.

ID Age | Gender | Prior Exams |. Musical Music | Acquisition
intervention choice | Volume time
> 7 F > 3 54 18
% © F E 3 54 18
! © F il 3 34 18
8 7 F i 2 52 18
i = M i 3 52 18
2 o7 F u 2 32 18
71 69 M S 3 20 T
72 83 F S 2 40 18
Z 7 F i 3 38 18
= o7 i ) 5 42 6
i = F i 2 42 6
76 69 F S 3 n -
77 65 M S . ” -
78 67 M S ) 22 g
79 64 F N - " -
80 54 M N 5 ” -
81 70 M S - ” ¥
82 36 M N . ” -
83 7 M N 3 " .
84 38 M S 2 ” .
85 34 M S > > >
86 61 M S J ” .
87 57 M S 3 " .
88 76 M S . ” .
= © F E 3 14 18
- 7 M ) 2 44 18
91 72 M S 5 " .
92 54 F N 2 2 18
93 80 F N 3 ” -
94 61 M S ) 22 g
95 84 F N 3 " -
9% 56 F N . " -
L e M e 3 24 6
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APPENDIX 18: STAI-S scores to Pilot study.

10- 11- 12- 13- 14- 15- 16- 17- 18- 19- 20-

STAI-S T5

3- 4 5 6 7- 8 O

2-

10- 11- 12- 13- 14- 15- 16- 17- 18- 19- 20-[1-

STAI-S T2

2- 3 4 5 6 7- 8 9-

1-

63
66
67

68
69
70
71

72
73
74
75
76
77
78
79
80

81

82

83

84
85

86

87

88

89

90
91

92

93
94

95

96

97
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APPENDIX 19: VAS scores for Pilot Study.

VAS_T2 VAS_T3 VAS_T4 VAS_T5

ID
63

10

66
67

68
69
70
71

72

73

74
75

76
77

78
79
80
81

82

83

84
85

86
87

88
89

90
91

92

93

94
95

96
97
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APPENDIX 20: Physiological data for Pilot study.

ID

Sbp(mmH Dbp(mmH Beats/min Breaths/m %Sp02_t Sbp(mmH Dbp(mmH Beats/min Breaths/m %Sp02_T Sbp(mmH Dbp(mmH Beats/min Breaths/m %Sp02_T Sbp(mmH Dbp(mmH Beats/min Breaths/m %Sp02_T

g)_T2 g)_T2 _T2 in_T2 2 g)_T3 g)_T3 _T3 in_T3 3 g)_T4 g)_T4 _T4 in_T4 4 g)_T5 g)_T5 _T5 in_T5 5
63 167 81 53 14 98 174 79 60 11 97 185 88 54 17 95 173 82 56 13 98
66 146 10 85 15 92 159 97 81 10 98 163 97 76 17 98 167 107 79 12 98
67 129 85 75 12 94 146 88 70 10 85 140 82 71 13 96 164 96 80 14 96
68 155 103 95 14 93 131 108 93 12 93 95 57 99 16 94 140 81 92 13 92
69 131 81 85 15 90 118 81 87 12 95 107 73 90 14 93 124 81 87 12 96
70 126 75 75 14 96 134 76 84 11 96 165 106 88 15 92 138 75 79 13 92
71 143 114 90 14 93 149 100 88 11 94 161 104 114 16 92 144 102 90 12 95
72 183 101 72 13 92 196 91 71 11 94 198 114 94 15 98 197 110 77 13 96
73 147 77 65 14 92 179 77 63 11 93 174 76 71 16 96 165 74 66 13 97
74 117 75 56 12 96 141 81 52 10 96 123 70 63 14 90 139 79 58 12 96
75 117 68 81 13 99 111 80 90 11 78 103 50 95 15 96 104 74 84 11 98
76 164 79 83 14 95 178 93 75 12 94 153 93 86 15 93 142 83 74 11 95
77 139 58 82 13 98 177 41 69 11 98 920 42 81 14 91 82 70 80 10 97
78 190 101 89 12 95 190 103 83 10 98 177 91 83 16 89 164 91 82 11 98
79 133 87 91 13 98 142 78 79 11 97 101 65 88 15 88 128 68 87 12 92
80 185 93 58 14 98 147 82 64 12 98 149 95 66 17 88 147 81 63 11 94
81 187 117 68 13 97 169 94 71 11 98 160 92 60 16 90 152 92 73 12 96
82 115 88 77 15 97 124 88 87 11 93 123 92 74 15 89 120 75 70 14 92
83 120 79 86 17 96 131 85 76 10 95 145 20 70 16 91 139 83 67 12 94
84 123 69 38 18 97 117 70 39 13 97 125 80 51 16 91 125 75 43 11 97
85 107 71 72 14 93 105 76 68 12 97 115 74 72 15 89 112 76 73 12 94
86 149 79 71 14 96 146 74 79 12 92 133 71 80 18 91 143 80 76 13 97
87 153 90 67 12 95 150 91 63 11 97 160 99 74 19 92 162 91 69 12 95
88 133 76 80 14 97 150 82 81 11 93 152 79 81 17 93 156 83 87 12 98
89 130 76 70 15 96 130 76 70 12 97 144 85 75 19 90 145 86 74 11 97
20 135 90 83 15 98 139 88 85 12 98 149 92 92 15 80 151 89 51 12 90
91 147 64 83 14 96 143 81 84 12 77 177 100 86 17 99 192 98 63 12 94
92 127 72 74 12 98 132 72 69 11 98 134 86 83 16 87 139 101 79 11 99
93 147 78 100 13 99 149 71 94 11 96 151 80 104 15 74 147 73 87 12 95
94 108 54 80 14 97 98 42 75 12 90 106 43 79 16 87 110 52 73 12 97
95 149 85 88 13 96 135 79 71 11 95 140 83 80 15 88 166 94 74 11 920
96 140 102 75 12 97 141 91 77 12 97 126 85 79 16 79 132 81 76 11 94
97 195 105 81 18 97 176 98 81 12 88 180 110 926 16 80 175 920 80 12 92
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APPENDIX 21: Statistic results to Pilot study.

Interval
Lower Upper
Acquisition time Mean Std. Error Bound Bound
6.00 VAS_T2 4,182 0,821 2,508 5,855
VAS_T3 1,818 0,507 0,785 2,851
VAS_T4 2,000 0,744 0,485 3,515
VAS_T5 1,182 0,577 0,006 2,358
18.00 VAS_T2 4,783 0,568 3,625 5,940
VAS_T3 1,696 0,351 0,981 2,410
VAS_T4 2,130 0,514 1,083 3,178
VAS_T5 1,522 0,399 0,708 2,335
Measure:
Interval
Lower Upper
Acquisition time Mean Std. Error Bound Bound
6.00 STALT2 40,364 2,906 34,445 46,283
STALT5 31,182 3,044 24,981 37,383
18.00 STALT2 39,478 2,010 35,385 43,572
STALT5 33,696 2,105 29,407 37,984
Std. Std. Error
Mean N Deviation Mean
Pair 1 Cortsol2 7,65645 22 6,442347 1,373513
Cortisol3 5,53655 22 3,600690 0,767670
Estimates
Measure:
Interval
tempoExa Lower Upper
me Mean Std. Error  Bound Bound
Dbp_T2 82,556 1,600 79,380 85,732
Dbp_T3 80,292 1,259 77,792 82,791
Dbp_T4 82,742 1,561 79,642 85,842
Dbp_T5 83,666 1,221 81,243 86,089
Estimates
Measure:
Interval
Lower Upper
Mean Std. Error Bound Bound
Breaths_T2 13,941 0,267 13,410 14,472
Breaths_T3 11,294 0,253 10,792 11,796
Breaths_T4 15,824 0,922 13,993 17,654
Breaths_T5 12,029 0,267 11,499 12,560

Estimates
Measure:

Interval
tempoExa Lower Upper
me Mean Std. Error Bound Bound
Sbp_T2 148,254 2,351 143,587 152,921
Sbp_T3 147,377 2,280 142,849 151,904
Sbp_T4 148,426 2,646 143,173 153,680
Sbp_T5 150,870 2,518 145,870 155,869

Estimates
Measure:
95% Confidence

Interval
tempoExa Lower Upper
me Mean Std. Error Bound Bound
Beats_T2 71,827 1,228 69,389 74,265
Beats_T3 71,313 1,365 68,602 74,024
Beats_T4 76,970 1,744 73,507 80,433
Beats_T5 72,348 1,250 69,865 74,830

Estimates
Measure:

Interval
tempoExa Lower Upper
me Mean Std. Error ~ Bound Bound
1 95,863 0,490 94,891 96,835
2 95,563 0,390 94,789 96,338
3 92,829 0,600 91,638 94,021
4 96,053 0,329 95,400 96,706
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