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1. Introduction 

 

Cardiovascular disease (CVD) remains the leading cause of mortality worldwide, 

accounting for approximately 17.9 million deaths each year. [1] Early detection and 

diagnosis of cardiovascular (CV) conditions are vital for effective intervention and 

management, especially in vulnerable populations – such as children and young adults – 

because of the potentially lifelong implications. In recent years, technological advances 

and a growing understanding of pathophysiological mechanisms have enabled 

researchers and clinicians to assess CV health with greater precision and sensitivity. This 

thesis focuses on two distinct yet interconnected domains within CV diagnostics: the first 

part evaluates the clinical utility of digital variance angiography (DVA), an emerging 

imaging modality, in children undergoing diagnostic and/or therapeutic imaging for 

arteriovenous malformations (AVMs). The second part examines whether short-term 

blood pressure variability (BPV) – a sensitive marker of autonomic nervous system 

(ANS) function – is altered in young adults with a history of childhood depression, 

offering potential insight into early predictors of CV risk. 

 

1.1. Vascular anomalies and arteriovenous malformations 

Vascular malformations represent a subset of congenital vascular anomalies that typically 

grow proportionately with the individual and are often first identified during adolescence. 

These anomalies are most frequently diagnosed within the first two decades of life and 

have an estimated prevalence of approximately 0.5% in North American and European 

populations. [2] Vascular malformations can manifest in any anatomic region and may 

present as isolated lesions or as part of multiplex anomalies. [3] The classification system 

most widely accepted for vascular anomalies is that of the International Society for the 

Study of Vascular Anomalies, last updated in 2018. According to this framework, AVMs 

are categorized as high-flow lesions based on their hemodynamic characteristics. High-

flow vascular malformations, such as AVMs, are associated with an increased risk of 

complications – including hemorrhage – compared with their low-flow counterparts. [4] 
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1.1.1. Pediatric arteriovenous malformations 

Although rare, pediatric AVMs are clinically important because they pose unique 

diagnostic and therapeutic challenges. Children are not only more susceptible to 

procedural risks but also have smaller anatomic structures and greater long‑term 

vulnerability to radiation exposure. 

 

1.1.1.1. Pathophysiology and clinical presentation 

AVMs are vascular anomalies characterized by abnormal arteriovenous (AV) shunts, in 

which dysplastic, tortuous arteries bypass the capillary bed and connect directly to the 

venous system. [5] These abnormal vessels form a mesh-like, low-resistance structure 

known as the nidus. [6] Although the precise pathophysiological mechanisms underlying 

AVM development remain unclear, AVMs are generally believed to originate during the 

third week of embryogenesis, arising either from persistent primitive AV connections or 

from aberrant development of new vascular pathways. The absence of an intervening 

capillary bed leads to progressive hypertrophy of arterial and venous vessels, causing 

gradual enlargement of the lesion. [7] 

The clinical presentation of AVMs varies widely and is largely determined by 

anatomic location. Clinically, AVMs are broadly classified as intracranial or extracranial; 

the latter typically involves the limbs, thorax, or abdomen. [6] Intracranial AVMs may 

present with headaches, recurrent seizures, or focal neurological deficits. In pediatric 

patients, hemorrhage is the most common initial presentation, occurring in approximately 

80–85% of cases. [7–10] By contrast, extracranial AVMs often present with a pulsatile 

mass, pain, ulceration, bone marrow edema, or arterial ischemia – symptoms that vary 

with the affected region. [5, 11–13] 

 

1.1.1.2. Diagnosis 

The diagnosis of AVMs typically relies on a combination of detailed clinical assessment 

and advanced imaging techniques, including magnetic resonance imaging, computed 

tomography angiography, and catheter-based digital subtraction angiography (DSA). 

Superficial AVMs may be identified on physical examination by characteristic features –

raised, well-circumscribed lesions that are warmer than surrounding tissue and purplish 

in hue – and may have a palpable thrill or audible bruit. [2] In such cases, ultrasound is 
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commonly used as a first-line imaging modality because it is effective at differentiating 

vascular from nonvascular lesions and assisting with classification. Doppler ultrasound is 

also valuable for tracking disease progression and assessing treatment response over time. 

[8] 

In more complex cases – particularly when complications such as hemorrhage are 

suspected – computed tomography angiography and magnetic resonance imaging are 

essential for assessing lesion extent, identifying the source of bleeding, and guiding 

treatment decisions. Although noninvasive imaging is valuable, DSA remains the gold 

standard for evaluating AVMs. DSA provides superior spatial and temporal resolution, 

enabling precise visualization of lesion architecture, including location, size, feeding 

arteries, draining veins, and nidus characteristics, and offers real-time hemodynamic 

information by capturing contrast flow, which is essential for evaluating the dynamic 

behavior of AVMs and guiding appropriate treatment. [7, 8] 

 

1.1.1.3. Treatment 

The classification of lesions as intracranial or extracranial helps clinicians select the most 

appropriate treatment strategy. While intracranial AVMs are primarily managed by 

neurosurgeons and neurointerventionalists, extracranial malformations are typically 

treated by pediatric surgeons, vascular surgeons, or interventional radiologists. [8, 13] In 

all cases, the success of invasive therapy depends on lesion location, size, and 

hemodynamic profile; the patient’s clinical condition; and the selected therapeutic 

approach. [8] 

Treatment options for AVMs include conservative management, pharmacologic 

therapies, minimally invasive procedures (such as sclerotherapy or image-guided 

embolization), and surgical excision. Conservative management may include analgesics 

and compression therapy to reduce pain and swelling, particularly when venous pressure 

is elevated. [5, 13, 14] Although pharmacological therapies are largely off-label, several 

agents – such as sirolimus, alpelisib, bevacizumab, and dabrafenib – are under 

investigation for their ability to modulate aberrant signaling pathways and inhibit lesion 

growth. [13, 15] Invasive interventions – such as surgical resection, radiosurgery, 

microsurgery, endovascular embolization, or combinations thereof – are typically 

indicated when the risk of lesion progression or rupture is high. Surgical excision is 
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considered when there is a reasonable expectation of complete lesion removal. In clinical 

practice, embolization followed by surgical resection has become the preferred strategy 

to reduce recurrence and improve outcomes. [13, 16] 

Embolization aims to devascularize the lesion by targeting the nidus and, when 

possible, the feeding arteries and draining veins. This usually requires multiple sessions, 

typically scheduled 6–8 weeks apart. [13, 17] Embolization can be performed via various 

access routes: trough the feeding arteries, retrograde via the draining veins, or by direct 

image-guided percutaneous puncture. The choice of approach depends on lesion 

accessibility, size, and vascular characteristics. For high-flow AVMs, cytotoxic embolic 

agents – such as ethanol, polyvinyl alcohol, or Onyx – are generally preferred to 

noncytotoxic alternatives. [5, 18–20] 

 

1.1.1.4. Digital subtraction angiography 

DSA is a widely used imaging technique in catheter-based angiography to evaluate 

CVDs. It involves the intravascular administration of an iodinated contrast agent followed 

by X-ray imaging to visualize vascular structures. The process generates two sets of 

images: a baseline (pre‑contrast) set acquired before contrast injection and a second set 

acquired afterward. With digital post‑processing, nonvascular anatomic structures – such 

as bone and soft tissue – are removed by subtracting the pre-contrast image from the post-

contrast images. This subtraction provides high-resolution, contrast-enhanced 

visualization of the vascular system. DSA remains the gold standard in vascular imaging 

because of its superior spatial and temporal resolution. [21] 

Despite its diagnostic value, DSA carries risks. Complications may arise from the 

procedure itself, the contrast agent, or radiation exposure. [22] Procedural risks related to 

vascular access or catheter manipulation include hemorrhage or hematoma at the puncture 

site, pseudoaneurysm formation, iatrogenic AV fistula, vessel wall perforation or 

dissection, and the development of local thrombosis or distal embolization. [22] Contrast 

agents can cause adverse reactions ranging from mild symptoms – such as a transient 

warm sensation, metallic taste, urge to urinate or defecate, dizziness, or nausea – to more 

severe effects, including allergic reactions, contrast-induced thyroid dysfunction, and 

contrast-induced nephropathy. [22–25] 
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1.1.1.5. Digital variance angiography 

DVA is based on the concept of kinetic imaging, which involves statistical processing of 

pixel intensity fluctuations over time. [26–28] In this approach, rapid intensity changes – 

such as those caused by flowing contrast agent – are amplified to produce a strong signal, 

whereas slower changes result in weaker signals. The foundational study on kinetic 

imaging, published in 2014 by researchers in the Department of Biophysics and Radiation 

Biology at Semmelweis University, introduced a novel X-ray technique that captures a 

sequence of underexposed images instead of a single well-exposed image while 

maintaining the same overall dose and exposure time. [28] By statistically analyzing the 

image sequence together with measurement noise, the method generates two distinct 

outputs: an expected value image and a variance image. This variance – or kinetic – image 

reveals motion-related details that are otherwise invisible with static imaging. For 

example, in studies involving Xenopus laevis (African clawed frog), structures such as 

the heart, valves, and aorta – undetectable with standard imaging – became visible. [28] 

Compared to traditional DSA, DVA provides a superior contrast-to-noise ratio (CNR), 

enabling high-quality vascular imaging during endovascular procedures with 

significantly reduced contrast agent use and radiation exposure. [26, 29] While DVA’s 

clinical benefits have been explored in adult populations, its application in pediatric 

catheter-based interventions has not yet been studied. Table I summarizes the two 

imaging techniques. 
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Table I. Comparison of digital subtraction angiography and digital variance 

angiography 

Aspect DSA DVA 

Image generation 

Subtraction of pre-contrast 

(mask) images from post-

contrast images 

Variance calculation from 

temporal pixel intensity 

fluctuations 

CNR Standard Improved CNR in most cases 

Background 

suppression 

Effective, but prone to motion-

related misregistration 

Strong; no subtraction mask 

required 

Contrast agent 

volume 
Full dose typically required 

Potential for dose reduction 

(up to 50%) 

Radiation dose Standard exposure 
Potential for dose reduction 

(up to 70%) 

Sensitivity to 

motion 

High (causes subtraction 

artifacts) 

Moderate to high (manifests 

as increased background 

variance) 

CNR, Contrast-to-noise ratio; DSA, digital subtraction angiography; DVA, digital 

variance angiography. 

 

1.1.1.6. Radiation safety in pediatric imaging 

Many diagnostic imaging techniques, including DSA, rely on ionizing radiation. The 

widespread adoption of these modalities has increased radiation exposure for patients and, 

to a lesser extent, health care personnel. [30, 31] A 2012 analysis reported that the average 

annual radiation dose per person in the United States nearly doubled from 3.6 mSv in 

1980 to 6.2 mSv in 2006, largely because exposure from medical imaging rose from about 

15% to become the largest single source, contributing approximately 3 mSv per year. [32] 

The guiding principle for medical radiation use is ALARA (as low as reasonably 

achievable), which emphasizes three practices: ensuring appropriate justification for 

imaging, minimizing the dose per examination, and avoiding unnecessary procedures. 

[31] This principle is particularly critical in pediatric imaging. A large retrospective 

cohort study in the United Kingdom found an association between childhood exposure to 

multiple computed tomography scans and increased cancer risk, particularly in the 
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developing brain and bone marrow. Cumulative doses of approximately 60 mGy were 

associated with a threefold increase in brain tumor risk, whereas approximately 50 mGy 

was associated with a similar increase in leukemia risk. [33] Accordingly, there is broad 

consensus that children are especially vulnerable to ionizing radiation and that any 

imaging study involving radiation must confer a clear benefit that outweighs potential 

risks. In pediatric care, radiation exposure should be kept as low as reasonably achievable. 

 

1.2. Cardiovascular function and mental health in young adults 

The transition from adolescence to adulthood involves substantial physical, 

psychological, and neurobiological changes. [34] Emerging evidence suggests that early-

life psychological well-being has enduring implications for somatic health, particularly 

in the regulation of CV function. [35] Psychiatric disorders, particularly depression, not 

only disrupt emotional and social development but also affect autonomic, inflammatory, 

and hemodynamic systems, thereby laying the groundwork for future CV risk. [36] 

 

1.2.1. Psychiatric disorders in youth 

Most psychiatric disorders emerge during adolescence or early adulthood, [37] making 

this period critical for early identification and intervention, given their profound impact 

on development and well-being. Globally, approximately one in seven individuals aged 

10–19 experiences a mental disorder. [38] Anxiety disorders are the most common, with 

an estimated prevalence of 4.4% in early adolescence (10–14 years) and 5.5% in late 

adolescence (15–19 years). Behavioral disorders are also prevalent among youth. For 

instance, attention-deficit/hyperactivity disorder affects approximately 2.9% of those 

aged 10–14 and 2.2% of those aged 15–19. Conduct disorders occur in roughly 3.5% of 

early adolescents, decreasing to 1.9% in later adolescence. [39] Other common conditions 

in youth include neurodevelopmental disorders and substance use disorders, each 

contributing to the overall burden of pediatric mental health issues. These conditions 

often co-occur and may lead to significant functional impairments. 

Among mood disorders in youth, depression is particularly prominent and 

concerning. Depression in adolescence (often presenting as major depressive disorder) 

has a point prevalence of approximately 1.4% in early adolescence, rising to about 3–4% 

by mid-to-late adolescence. [39] Notably, rates of depression increase sharply during 
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adolescence and are generally higher in females than in males by mid-adolescence. 

Depression in youth is clinically significant not only because of its acute impact but also 

because of its potential for persistence and recurrence. Adolescent-onset depression often 

predicts recurrent depressive episodes in adulthood and is associated with a host of 

adverse psychosocial outcomes, such as academic underachievement, interpersonal 

difficulties, and increased risk of substance abuse. [40] Depression also elevates the risk 

of suicidal behavior; suicide is among the leading causes of death in older adolescents 

and young adults with depression. [41] 

 

1.2.2. Depression and its impact on somatic health 

Beyond its psychological toll, depression is increasingly recognized as a disorder that 

significantly affects physical health and is now considered an independent risk factor for 

numerous adverse medical outcomes, particularly in CV health. [42] Epidemiologic 

studies show that, even after adjustment for conventional risk factors, a history of 

depression is associated with a higher incidence of hypertension, coronary heart disease, 

and increased all-cause mortality. [43, 44] It often coexists with unhealthy behaviors (e.g., 

physical inactivity, poor diet, and smoking), which further amplify somatic risk. [45, 46] 

The adverse effects of depression on long-term health are evident even in young 

populations. Adolescents with depression are at increased risk of developing obesity, 

insulin resistance, and other components of metabolic syndrome during the transition to 

adulthood. [47] Moreover, depression in youth is linked to the early presence of CVD 

risk factors: one study reported that more than half of adolescents with major depressive 

disorder exhibited at least two CVD risk factors, such as elevated body mass index (BMI) 

or blood pressure (BP). [48] The mechanisms underlying the link between depression and 

poor somatic health are multifactorial, involving both direct biological pathways and 

indirect behavioral routes. Chronic stress and autonomic dysregulation are key proposed 

mechanisms. Depression is often accompanied by alterations in ANS function 

characterized by increased sympathetic activity and blunted parasympathetic (vagal) tone. 

[49] Individuals with depression frequently exhibit reduced heart rate variability (HRV), 

reflecting diminished vagal modulation of heart rate (HR). [50] This autonomic 

imbalance – marked by a heightened fight-or-flight response and vagal withdrawal – may 

contribute to elevated resting HR, BP irregularities, and increased arrhythmogenic 
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potential. Such ANS dysfunction has been posited as a central biological link between 

depression and a range of physical illnesses. [50] For example, reduced HRV and 

heightened sympathetic output can promote myocardial ischemia, endothelial shear 

stress, and proarrhythmic conditions, thereby increasing CV strain over time. Depression 

is also associated with chronic low-grade inflammation, evidenced by elevated circulating 

levels of inflammatory markers such as C-reactive protein and interleukin-6, even when 

controlling for confounders such as BMI. [51] Inflammation linked to depression may 

accelerate atherosclerosis, induce endothelial dysfunction, and promote a prothrombotic 

state, thereby increasing CV risk. This relationship appears to be bidirectional: while 

depression may promote inflammation, inflammatory states can likewise contribute to the 

onset or exacerbation of depressive symptoms in vulnerable individuals. [52] 

 

1.2.3. Characterization and assessment of cardiovascular function 

CV function can be assessed using various physiologic parameters and tests, which 

capture distinct aspects of CV health – even in young, asymptomatic individuals. Among 

the most informative indicators are HRV, arterial stiffness, endothelial function, and 

BPV. Each metric offers complementary insight into CV regulatory mechanisms and 

vascular integrity. 

HRV refers to beat-to-beat fluctuations in HR and serves as a proxy for ANS 

balance, particularly reflecting vagal (parasympathetic) modulation of cardiac activity. 

[50, 53] Higher resting HRV generally indicates a greater capacity of the heart to adapt 

to physiologic demands and is associated with better CV health. Conversely, reduced 

HRV reflects autonomic dysregulation, often characterized by increased sympathetic 

dominance. [53] HRV is typically derived from electrocardiographic recordings and 

quantified using time-domain metrics (e.g., the standard deviation [SD] of normal-to-

normal intervals) or frequency-domain metrics (e.g., spectral power within high- and low-

frequency bands). [54] Low HRV has been associated with an elevated risk of 

arrhythmias, adverse cardiac events, and mortality in cardiac populations. In young 

adults, HRV can serve as a sensitive marker of psychological stress and mental health; 

for instance, individuals with a history of childhood depression have been shown to 

exhibit altered HRV responses to acute stress. [55, 56] 
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Arterial stiffness reflects the elasticity of the arterial walls, especially in large 

conduit arteries such as the aorta. With advancing age and exposure to CV risk factors – 

such as hypertension, obesity, or dyslipidemia – arteries progressively lose their elastic 

properties. This stiffening increases left ventricular afterload, contributes to elevated 

systolic blood pressure (SBP) and pulse pressure, and accelerates vascular aging. [57] 

The gold standard for assessing arterial stiffness is pulse wave velocity (PWV), which 

measures the speed at which the pressure wave propagates through the arterial system. 

Higher PWV values indicate greater arterial stiffness and have been independently 

associated with increased risk of CV events and all-cause mortality. [58, 59] Arterial 

stiffness is influenced by several modifiable and nonmodifiable factors, including 

physical fitness, adiposity, metabolic status, and family history of CVD. Noninvasive 

techniques, such as carotid–femoral PWV, are widely used in clinical and research 

settings because of their high reproducibility and prognostic utility. [60] Notably, 

increased arterial stiffness in youth or young adulthood may serve as an early biomarker 

of future hypertension, atherosclerosis, or other adverse CV outcomes. [58, 61] 

Endothelial function is most commonly assessed using flow-mediated dilation 

(FMD), which evaluates the ability of a conduit artery – typically the brachial artery – to 

dilate in response to increased shear stress. [62] During the FMD procedure, a BP cuff is 

inflated above systolic pressure to induce transient ischemia by occluding the artery, 

usually for 5 minutes. Upon cuff release, the resultant reactive hyperemia leads to an 

increase in blood flow, which stimulates endothelial nitric oxide release and subsequent 

vasodilation. The change in arterial diameter is expressed as a percentage (FMD%). 

Reduced FMD indicates endothelial dysfunction, a key early marker of atherosclerosis 

that can precede structural vascular changes. [63] Impaired endothelial responses have 

been prospectively associated with increased risk of CV events in both adult and pediatric 

populations. In adolescents and young adults, adverse factors such as dyslipidemia, 

smoking, obesity, and chronic psychosocial stress have been shown to negatively 

influence endothelial function. [64] 

BP is a fundamental CV parameter; beyond its mean levels, the variability in BP 

over time is increasingly recognized as meaningful. [43] BPV refers to fluctuations in an 

individual’s BP measurements across various time scales. [65, 66] It can be measured 
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over seconds or minutes, 24-hour periods, day-to-day, or visit-to-visit across months (see 

section 1.2.4). 

 

1.2.4. Blood pressure and its variability 

BP is among the most critical vital signs and a well-established determinant of CV risk. 

BP is typically measured with a pneumatic cuff placed on the upper arm at heart level. 

Readings are obtained either by manual auscultation of Korotkoff sounds with a 

stethoscope or by automated oscillometric devices. To ensure accuracy, the patient should 

be seated comfortably with the back supported and legs uncrossed, after at least five 

minutes of rest. Physical exertion, caffeine intake, and smoking should be avoided for at 

least 30 minutes before measurement. The measured arm must be supported at heart level 

to avoid isometric muscle tension, and an appropriately sized cuff must be used to prevent 

systematic error. The cuff is placed approximately 2–3 cm above the antecubital fossa. 

SBP corresponds to the maximum arterial pressure during ventricular contraction, 

whereas diastolic blood pressure (DBP) reflects the lowest pressure during cardiac 

relaxation. Both are expressed in millimeters of mercury (mmHg). According to the 

European Society of Cardiology, hypertension in adults is defined as a sustained office 

SBP ≥ 140 mmHg and/or DBP ≥ 90 mmHg. [67] Elevated BP (hypertension) is strongly 

associated with adverse outcomes such as stroke, myocardial infarction, heart failure, and 

kidney disease. [68] Beyond absolute BP levels, there is growing interest in the 

significance of BPV – the degree to which BP fluctuates over time. BPV provides 

additional prognostic information: numerous studies have shown that increased BPV is 

associated with target-organ damage and a higher risk of CV events. [65, 66, 69, 70] Two 

individuals with the same mean BP may have different risk profiles if one has highly 

variable BP while the other’s BP is more stable. Thus, both BP and BPV are important 

considerations in evaluating CV health. 

BPV can be conceptualized across multiple time scales, each capturing different 

physiologic processes with distinct clinical implications. [71, 72] 

Ultra-short-term BPV refers to beat-to-beat fluctuations in BP. This rapid 

variability is driven primarily by baroreflex activity, respiratory cycles, and other 

immediate CV reflexes. It can be captured using continuous beat-to-beat BP monitoring 

(e.g., a finger arterial pressure device or an intra-arterial catheter). Ultra-short-term BPV 
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reflects ANS modulation of the CV system on a moment-to-moment basis and is used 

less often in routine clinical practice because it requires specialized equipment. [71, 72] 

Short-term BPV generally denotes fluctuations over minutes up to 24 hours. This 

is most commonly assessed with ambulatory blood pressure monitoring (ABPM), in 

which a portable device measures BP at regular intervals (e.g., every 15–30 minutes) over 

a full day and night, providing a detailed profile of BP and short-term BPV across 

consecutive readings. [71, 72] Short-term BPV is clinically relevant; higher short-term 

BPV has been linked to hypertensive organ damage (e.g., left ventricular hypertrophy, 

microvascular damage in the eye and kidney) and worse CV prognosis. [73–75] Short-

term BPV monitoring is increasingly used to confirm hypertension and assess BP control; 

patients with high short-term variability may require closer monitoring or tailored 

therapy. 

Mid-term BPV refers to BP fluctuations occurring over days to weeks. It can be 

evaluated using home BP monitoring or repeated office measurements over several days. 

Mid-term BPV reflects BP instability under routine conditions, influenced by factors such 

as day-to-day stressors, sleep quality, or medication timing. [71, 72] It has been associated 

with cognitive impairment and vascular stiffness in older adults and may also indicate 

challenges in achieving consistent BP control. [76] 

Long-term BPV refers to fluctuations in BP measured over months to years, 

typically assessed across serial outpatient visits – often termed visit-to-visit BPV – and 

influenced by factors such as disease progression, medication adherence, seasonal 

variation, and age-related BP drift. High visit-to-visit BPV is a strong predictor of stroke, 

coronary events, kidney disease progression, and mortality. [71, 72] Long-term BPV has 

been incorporated into risk prediction frameworks (e.g., the QRISK3 score) because it 

provides prognostic information beyond mean BP. [77] Clinically, patients with highly 

variable BP between visits may be at greater risk and could benefit from treatment 

adjustments, such as the use of longer-acting antihypertensives to help stabilize BP. 

Terminology for “short-” versus “long-term” BPV varies across sources. Some 

authors classify within-24-hour variability as short-term, day-to-day fluctuations over 

weeks as mid-term, and visit-to-visit variability over months or years as long-term BPV. 

Others simplify the classification to just short-term (within 24 hours) and long-term 

(between visits). [65, 78] Regardless of terminology, the underlying principle is the same: 
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BP exhibits inherent variability across time scales, each with potential health 

implications. 

Methods of measuring BPV depend on the time scale of interest. Beat-to-beat 

monitoring requires continuous intra-arterial lines or noninvasive finger cuffs and is used 

mainly in research to assess ultra-short-term BPV. ABPM provides numerous readings 

over a 24-hour period, allowing calculation of various variability indices. In home BP 

monitoring, patients measure BP over several days or weeks, supporting BP management 

and enabling assessment of day-to-day variability. Clinic- or office-based measurements 

compare BP across multiple visits – preferably using standardized protocols – to estimate 

visit-to-visit variability. [79] Each method has its own clinical applications. ABPM is 

recommended to confirm a diagnosis of hypertension and to detect patterns such as white-

coat or masked hypertension. Long-term BPV analysis can help identify patients who 

may benefit from specific antihypertensive regimens or closer follow-up. [65, 80] 

Calcium channel blockers and diuretics have been reported to reduce long-term BPV and 

are sometimes preferred in patients with high variability. [81] Exploring BPV is 

particularly relevant in young adults with early-life risk factors or conditions such as 

childhood-onset depression: if depression and associated stress exposures affect 

autonomic regulation, this may manifest as altered BP dynamics (e.g., subtle changes in 

BP), even in otherwise healthy individuals. A recent systematic review found that people 

with mental illnesses tend to have increased BPV. [82] A concise summary of BPV types 

by time scale, physiologic mechanisms, measurement techniques, and clinical 

implications is provided in Table II. 
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Table II. Summary of blood pressure variability types  

BPV 

type 
Time scale 

Primary 

mechanisms 
Measurement Clinical relevance 

Ultra-

short-

term 

BPV 

Beat-to-

beat 

(seconds) 

Baroreflex, 

respiration, 

immediate 

autonomic 

reflexes 

Intra-arterial line 

or continuous 

noninvasive 

monitoring 

Reflects 

moment‑to‑moment 

autonomic regulation 

Short-

term 

BPV 

Minutes to 

24 hours 

Autonomic 

tone, physical 

activity, 

circadian 

rhythms 

ABPM; repeated 

in‑clinic readings 

Target‑organ damage; 

worse CV prognosis 

Mid-

term 

BPV 

Days to 

weeks 

Behavioral 

factors, 

medication 

timing, stress 

Home BP 

monitoring; 

repeated office 

visits 

Cognitive impairment; 

increased vascular 

stiffness (older adults) 

Long-

term 

BPV 

Months to 

years 

(visit-to-

visit) 

Medication 

adherence, 

aging, disease 

progression 

Serial outpatient 

visits 

Predictor of stroke, CV 

events, and mortality 

ABPM, Ambulatory blood pressure monitoring; BP, blood pressure; BPV, blood pressure 

variability; CV, cardiovascular. 

 

Despite robust evidence linking BPV to adverse outcomes, it is not yet routinely 

assessed as a vital sign in clinical practice. One key barrier is the lack of standardization: 

different studies use varying protocols (e.g., office, home, or ambulatory measurements) 

and metrics, making it difficult to establish clear clinical cutoffs. [65] Measuring BPV 

can also be resource-intensive, often requiring 24-hour monitoring or multiple outpatient 

visits. Ongoing research aims to develop more feasible methods for assessing BPV. For 

example, a practical approach is to obtain a small number of BP readings in a controlled 

setting (analogous to an office visit) and calculate their range or variability to estimate 



  
 

 21 
 

short‑term BPV. [72] If such simplified measures reliably reflect an individual’s BP 

stability, they could be implemented in primary care or youth mental health settings as 

early screening tools for CV risk.  
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2. Objectives 

 

2.1. Study I (Comparison of the performance of digital variance angiography and 

digital subtraction angiography in children with arteriovenous malformations: a 

retrospective observational study – Semmelweis University Institutional Review Board 

approval No. 182/2022) 

Minimizing radiation exposure for both patients and health care personnel during X-ray-

based diagnostic and interventional procedures is critically important. One potential 

means of achieving this is the use of DVA. In recent years, several national and 

international retrospective and prospective studies have explored the clinical utility of 

DVA in adult populations. [26, 29, 83–86] However, the clinical value and applicability 

of this technique in pediatric patients remain unverified; to date, no studies have examined 

its role in children. Therefore, we aimed to retrospectively compare imaging parameters 

between DVA and conventional DSA in children with extracranial AVMs undergoing 

endovascular treatment. 

 

2.2. Study II (Short-term blood pressure variability among young adults at high or 

low risk for depression – University of Pittsburgh Institutional Review Board approval 

No. PRO15020542; Hungarian National Ethical Committee approval No. 44352–

3/2016/EKU) 

Depression adversely affects CV regulation, autonomic balance, and BP control. 

However, most studies on this topic have focused on middle-aged or older adults. We 

sought to determine whether these physiologic perturbations are evident in young adults 

in their twenties, particularly those with a history of early-onset depression or elevated 

familial risk. The primary objectives were to: (1) test whether young adults with a history 

of childhood-onset major depressive disorder exhibit greater short-term BPV than never-

depressed high-risk siblings and emotionally healthy controls; (2) evaluate whether 

clinical features of depression – such as the number of lifetime episodes – predict elevated 

BPV; and (3) determine whether familial risk alone (in the absence of clinical depression) 

is associated with BP dysregulation. 
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3. Methods 

 

3.1. Study I (Comparison of the performance of digital variance angiography and 

digital subtraction angiography in children with arteriovenous malformations: a 

retrospective observational study) 

 

3.1.1. Patient selection 

This retrospective, observational, single-center study included data from 10 patients 

younger than 18 years with extracranial AVMs who underwent a total of 15 endovascular 

procedures at the Heart and Vascular Center, Department of Interventional Radiology, 

Semmelweis University, between December 2022 and December 2024. All examinations 

were conducted in full compliance with ethical standards, in accordance with the 1964 

Declaration of Helsinki (and its later amendments) and national research ethics committee 

regulations. Patient data were processed and analyzed only after complete anonymization. 

 

3.1.2. Generation of digital variance angiography and digital subtraction 

angiography images 

Endovascular procedures were performed by two interventional radiologists, each with 

more than 20 years of professional experience. For each intervention, the contrast agent 

volume and injection rate were tailored to patient‑specific characteristics and 

lesion‑specific parameters. The choice and amount of contrast agent – ranging from 15 to 

147 mL per procedure – were determined at the discretion of the performing radiologist. 

Intra-arterial contrast media included Ultravist (Bayer AG, Leverkusen, Germany), 

Iomeron (Bracco Imaging SpA, Milan, Italy), and Omnipaque (GE HealthCare 

Technologies Inc., Chicago, IL, USA). Raw angiographic images were acquired at 2 or 4 

frames per second using a Siemens Artis Zee angiography system equipped with a 30 × 

40 cm detector (Siemens Healthineers AG, Forchheim, Germany). The same raw image 

series was used to generate both DSA and DVA images. DSA images were produced on 

a Syngo workstation (Siemens Healthineers AG), whereas DVA images were created 

with the Kinepict Medical Imaging Tool, version 5.3 (Kinepict Health Ltd., Budapest, 

Hungary). Post‑processing steps – including motion correction (pixel shift) and 

brightness/contrast adjustments – were identical for both modalities and were performed 
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by a designated interventional radiologist. The resulting images were archived in Tagged 

Image File Format and organized into matched pairs by anatomic region for CNR analysis 

and web-based visual quality assessment. 

 

3.1.3. Objective comparison: contrast-to-noise ratio 

For CNR calculation, regions of interest (ROIs) were manually placed in pairs for each 

AVM: one ROI over a vascular structure and a corresponding ROI in an adjacent 

extravascular background area. At least 25 ROI pairs were identified per image. Figure 1 

illustrates the comparison of CNR values between DSA and DVA images based on these 

ROI pairs. 

 

 

Figure 1. Comparison of contrast-to-noise ratios between digital subtraction 

angiography and digital variance angiography images 

(Images from the archive of the Heart and Vascular Center, Semmelweis University; 

acquired by Edit Dósa.) 

 

When geometric discrepancies between DSA and DVA images occurred (e.g., due 

to pixel shift differences), ROIs on the DVA images were manually realigned to match 

their corresponding ROIs on the DSA images. The CNR for each ROI pair was calculated 

as: 

 

CNR = (Meanᵥ − Meanb) / SDb 
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Where Meanᵥ denotes the mean pixel intensity within the vascular ROI, Meanb the mean 

pixel intensity within the background ROI, and SDb the standard deviation of pixel 

intensities in the background ROI. CNR values were computed separately for each ROI 

pair on both the DSA and DVA images. In addition, a CNR ratio (CNRDVA / CNRDSA) 

was calculated for each pair. ROI placement and measurements were performed using 

Fiji (ImageJ; version 2.0.0-rc-68/1.52e; National Institutes of Health, Bethesda, MD, 

USA). 

 

3.1.4. Subjective comparison: quality assessment 

To subjectively compare the quality of DSA–DVA image pairs, we developed a 

randomized, web‑based evaluation questionnaire that enabled anonymized, side‑by‑side 

comparisons while blinding evaluators to image modality. Four interventional 

radiologists and one vascular surgeon, each with ≥ 5 years of clinical experience in 

diagnosing vascular pathologies, participated in the assessment. Using a four-point Likert 

scale, the experts rated the visibility and diagnostic value of large vessels, small vessels, 

tissue blush (when applicable), and the venous phase (when applicable). The image pairs 

covered four anatomic regions: upper extremity (n = 14), lower extremity (n = 56), head 

and neck (n = 23), and chest (n = 39). The scoring system was defined as follows: 0 = no 

difference in image quality; 1 = one image slightly better; 2 = one image clearly better; 3 

= one image superior in all respects. Image pairs were presented in random order via the 

web interface without disclosing the modality (DSA or DVA), ensuring a fully blinded 

evaluation. Each pair was assessed once by each expert, and evaluations were performed 

independently. Figure 2 illustrates the layout of the web-based interface using a 

representative lower limb AVM image pair; for illustration, DSA is shown on the left and 

the corresponding DVA image on the right. 
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Figure 2. Visual layout of the web-based interface for side‑by‑side comparison of 

digital subtraction angiography and digital variance angiography images, 

illustrated with a representative lower limb arteriovenous malformation 

(Images from the archive of the Heart and Vascular Center, Semmelweis University; 

acquired by Edit Dósa.) 

DSA, Digital subtraction angiography; DVA, digital variance angiography. 

 

3.1.5. Statistical analysis 

Statistical analyses were performed using Stata 15.0 (StataCorp LLC, College Station, 

TX, USA) and GraphPad Prism 8.4.2 (GraphPad Software Inc., La Jolla, CA, USA). 

Continuous variables were reported as mean ± standard error of the mean (SEM) or as 

median (interquartile range [IQR]), as appropriate; categorical variables were presented 

as counts and percentages. CNR values were compared using the Wilcoxon signed-rank 

test. For the qualitative comparison of paired DSA–DVA images, either a one-sample t-

test or a one-sample Wilcoxon signed-rank test was applied, depending on data normality. 

To assess interobserver agreement among evaluators, Kendall’s coefficient of 

concordance (W) was calculated and interpreted as follows: 0 ≤ W < 0.1, no agreement; 

0.1 ≤ W < 0.3, weak; 0.3 ≤ W < 0.6, moderate; 0.6 ≤ W < 1.0, strong; W = 1.0, perfect 

agreement. A p-value < 0.05 was considered statistically significant. 
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3.2. Study II (Short-term blood pressure variability among young adults at high or 

low risk for depression) 

 

3.2.1. Participant selection 

Participants for this cross-sectional study were recruited from a previously established 

cohort assembled for a genetic and clinical investigation of juvenile-onset depression 

conducted in Hungary between 1999 and 2006. [87] The original longitudinal study 

enrolled probands and their siblings from 23 child and adolescent mental health services 

spanning urban and rural regions. Inclusion criteria for probands in the original study 

were: a current or recent episode of major depressive disorder or dysthymia as defined by 

the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV); 

[88] age 7–14 years at recruitment; absence of intellectual disability or severe medical 

conditions; and availability of at least one biological parent and a sibling aged 7–18 years. 

Control participants were recruited contemporaneously from local schools within the 

catchment areas of the clinical sites. These controls were selected to match the proband 

group demographically and were screened to ensure the absence of major psychiatric 

disorders. For detailed information regarding recruitment methodology and diagnostic 

procedures, see references. [89, 90] 

All individuals from the original cohort who were aged ≥ 18 years and had 

consented to be recontacted for future research were invited to participate in the current 

study. Eligible participants comprised three groups: (1) individuals with a documented 

history of childhood-onset major depressive disorder (“probands”; n = 218); (2) their full 

biological siblings with no lifetime history of depressive disorders (“high-risk siblings”; 

n = 206); and (3) school-based controls who remained free of major psychiatric diagnoses 

during follow-up assessments (“controls”; n = 166) (Figure 3). 
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Figure 3. Study II flowchart 

MDD, Major depressive disorder. 

 

Written informed consent was obtained from all participants prior to enrollment. 

The study protocol was approved by the Hungarian National Research Ethics Committee, 

the Institutional Review Board of the University of Pittsburgh, and affiliated Hungarian 

research sites. 

 

3.2.2. Psychological assessment 

All participants were enrolled as part of a larger longitudinal research project 

incorporating both psychiatric and CV evaluations, including BP assessments. Psychiatric 

diagnoses were determined according to DSM-IV criteria based on structured clinical 

evaluations. Trained mental health professionals conducted direct interviews using the 

Interview Schedule for Young Adults – Follow-up Diagnostic Version (ISYA-D), a semi-
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structured tool adapted to the developmental stage of the sample. Standardized 

operational criteria were applied to determine the onset and duration of psychiatric 

episodes. The identification and quantification of specific disorders, as well as the number 

of lifetime episodes, were verified during consensus diagnostic meetings led by senior 

clinicians to ensure high diagnostic reliability. In addition to the clinical interview, 

participants completed the Beck Depression Inventory-II (BDI-II), a validated self-report 

measure of current depressive symptom severity over the preceding two weeks. 

 

3.2.3. Measurement of short-term blood pressure variability 

Short-term BPV served as the primary CV parameter. BP measurements followed a 

standardized study protocol aligned with established international guidelines to ensure 

consistency and minimize external influences. [67, 91] Participants were instructed to 

abstain from caffeine, alcohol, and tobacco for at least 1 hour before assessment. All 

measurements were obtained by trained research staff using a detailed written protocol 

that included verification of correct cuff size, a quiet environment, and consistent posture 

and timing. After a brief initial rest, participants remained seated upright with both feet 

flat on the floor and the right arm supported at heart level. BP was recorded using a 

validated automated oscillometric device (Omron M6; Omron Corporation, Kyoto, 

Japan), widely recognized for clinical reliability and accuracy. [92] Three consecutive 

brachial BP measurements were taken at 5-minute intervals. This approach provides a 

simple, practical index of intra-individual variability over a short observational window 

and has been used in population-based and clinical studies assessing autonomic 

regulation. [93, 94] 

 

3.2.4. Statistical analysis 

Statistical analyses were conducted using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). 

Before hypothesis testing, all variables were screened for distributional assumptions and 

outliers. Initial group comparisons of demographic, psychological, and CV variables were 

performed using one-way analysis of variance (ANOVA) for continuous variables and 

chi-square (χ²) tests for categorical variables. When distributional assumptions were not 

met, appropriate nonparametric methods (e.g., Mann–Whitney U tests) were applied. To 

examine group differences in average BP and short-term BPV, we used analysis of 
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covariance (ANCOVA), adjusting sequentially for covariates known to influence CV 

parameters, including age, sex, BMI, and smoking status (yes/no). Current depressive 

symptom severity, measured by the BDI-II, was also included as a covariate where 

relevant. All ANCOVA models were estimated via linear mixed-effects models with 

random intercepts to account for the potential nonindependence of observations among 

family members (e.g., probands and their biological siblings). Short-term BPV, the 

primary outcome, was operationalized as the range (maximum minus minimum) of three 

consecutive brachial BP readings and was analyzed separately for systolic and diastolic 

values. Estimated marginal means (least‑squares means) were used for post hoc pairwise 

comparisons among groups (probands, high‑risk siblings, controls). 

A power analysis for the one-way ANOVA indicated that, given the sample size, 

the study had 80% power to detect an overall F test corresponding to a pairwise group 

mean difference of approximately 0.29 SD – about 1.7 mmHg for systolic BPV and 1.6 

mmHg for diastolic BPV – representing a medium effect size. 

A secondary set of regression analyses focused exclusively on the proband group. 

In these models, short-term BPV was regressed on key clinical features of depression 

history, including number of depressive episodes, age at onset of the first episode, and 

the percentage of life spent in depression. All models controlled for sex, age, BMI, and 

smoking status. Predictive strength was evaluated using partial R² values from the mixed-

effects models, and effect sizes for individual predictors were reported as partial eta 

squared (η²). A p-value < 0.05 was considered statistically significant.  
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4. Results 

 

4.1. Study I (Comparison of the performance of digital variance angiography and 

digital subtraction angiography in children with arteriovenous malformations: a 

retrospective observational study) 

 

4.1.1. Patient characteristics 

The study included 10 patients (mean age, 12 years; range, 7–17 years), comprising six 

females and four males. None had known comorbidities, and none were taking regular 

medications. Each patient had a single AVM (total n = 10). By anatomic region, AVMs 

were distributed as follows: upper extremity (n = 2), lower extremity (n = 4), head and 

neck (n = 2), and chest wall (n = 2). Collectively, patients underwent 15 endovascular 

procedures (three diagnostic and 12 therapeutic). 

Figures 4 and 5 present representative DSA–DVA image pairs from two of the four 

anatomic regions: Figure 4 shows an upper limb AVM, and Figure 5 illustrates a head 

and neck AVM. A representative chest wall image pair was shown previously in the CNR 

comparison (Figure 1), and a lower extremity image pair appeared earlier in the 

description of the web‑based evaluation (Figure 2).  
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Figure 4. Representative digital subtraction angiography–digital variance 

angiography image pair of an upper limb arteriovenous malformation 

(Images from the archive of the Heart and Vascular Center, Semmelweis University; 

acquired by Edit Dósa.) 

DSA, Digital subtraction angiography; DVA, digital variance angiography. 

 

 

Figure 5. Representative digital subtraction angiography–digital variance 

angiography image pair of a head and neck arteriovenous malformation 

(Images from the archive of the Heart and Vascular Center, Semmelweis University; 

acquired by Edit Dósa.) 

DSA, Digital subtraction angiography; DVA, digital variance angiography. 
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4.1.2. Objective comparison: contrast-to-noise ratio results 

We analyzed 132 paired DSA–DVA images. In total, 3,318 ROI pairs were manually 

placed for CNR analysis. By anatomic region, the distribution of ROI pairs was: upper 

extremity (n = 501), lower extremity (n = 1,659), head and neck (n = 472), and chest (n 

= 686). 

CNR values for DVA images were significantly higher than those for conventional 

DSA across all comparisons (all p < 0.001), as shown in Figure 6 and Table III. The 

highest median CNR ratio (DVA/DSA) was observed in upper extremity AVMs, with a 

median of 2.23 (IQR, 1.18–4.19). 

 

Figure 6. Comparison of contrast-to-noise ratio values between digital subtraction 

angiography and digital variance angiography image pairs 

(Each panel shows the mean, median, interquartile range, minimum, and maximum 

values.) 

CNR, Contrast-to-noise ratio; DSA, digital subtraction angiography; DVA, digital 

variance angiography. 
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Table III. Contrast-to-noise ratio values and digital variance angiography-to-digital 

subtraction angiography contrast-to-noise ratios by anatomic location 

AVM 

location 

CNR – DSA 

median (IQR) 

CNR – DVA 

median (IQR) 
p-value 

CNRDVA/CNRDSA 

median (IQR) 

Overall 19.71 (2.52–61.27) 
41.29 (1.90–

137.02) 
< 0.001 2.00 (0.74–4.49) 

Upper limb 29.98 (9.51–72.51) 
67.41 (19.90–

162.19) 
< 0.001 2.23 (1.18–4.19) 

Lower limb 17.64 (3.54–60.93) 
38.32 (4.63–

129.24) 
< 0.001 2.06 (0.78–4.63) 

Head and 

neck 
17.65 (0.72–57.40) 

34.99 (0.30–

109.68) 
< 0.001 1.72 (0.33–4.33) 

Chest 20.01 (5.31–53.30) 
38.41 (5.11–

107.78) 
< 0.001 1.84 (0.78–4.41) 

AVM, Arteriovenous malformation; CNR, contrast-to-noise ratio; DSA, digital 

subtraction angiography; DVA, digital variance angiography; IQR, interquartile range. 

 

4.1.3. Subjective comparison: pairwise visual assessment of image quality 

The source angiographic series used to generate the corresponding DSA and DVA images 

contained a mean of 15 frames per series (range, 5–53). A total of 132 anonymized DSA–

DVA image pairs were evaluated on a web-based platform by five experienced clinicians. 

By anatomic region, image pairs were distributed as follows: upper extremity (n = 14), 

lower extremity (n = 56), head and neck (n = 23), and chest wall (n = 39). Figure 7 and 

Table IV summarize the Likert scale quality scores by region and diagnostic feature. In 

upper extremity AVMs, there were no statistically significant differences between DSA 

and DVA in the visualization of large vessels, small vessels, tissue blush, or venous phase. 

For lower extremity and head and neck AVMs, DSA received significantly higher ratings 

for large vessel, small vessel, and tissue blush visibility. In chest wall AVMs, visibility 

of large and small vessels also favored DSA. However, these differences were clinically 

negligible: mean scores fell between “same” (0) and “slightly better” (1), with averages 

ranging from 0 to 0.4 and no regional mean exceeding 0.55 (Figure 7 and Table IV). 
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Figure 7. Results of the subjective comparison of digital subtraction angiography–

digital variance angiography image pairs based on Likert scale ratings 

(Each panel shows the mean, median, interquartile range, minimum, and maximum 

values.) 

LV, Large vessel; SV, small vessel; TB, tissue blush; VP, venous phase. Negative values 

indicate an advantage of digital subtraction angiography. * p < 0.05; ** p < 0.01; *** 

p < 0.001 

 

Table IV. Likert scale comparison of digital subtraction angiography and digital 

variance angiography image pairs by anatomic region and diagnostic criterion 

Region Large vessels Small vessels Tissue blush Venous phase 

Overall –0.36 ± 0.05 –0.34 ± 0.06 –0.25 ± 0.07 –0.06 ± 0.09 

Upper limb 0.06 ± 0.09 0.04 ± 0.19 0.09 ± 0.18 –0.29 ± 0.14 

Lower limb –0.38 ± 0.07 –0.44 ± 0.09 –0.32 ± 0.12 0.09 ± 0.21 

Head and neck –0.55 ± 0.11 –0.30 ± 0.12 –0.44 ± 0.11 –0.08 ± 0.36 

Chest –0.39 ± 0.09 –0.36 ± 0.12 –0.25 ± 0.19 0.25 ± 0.36 

Values are mean ± standard error of the mean. 

 

Interobserver agreement among the five evaluators was moderate for the 

assessment of large and small vessels across all regions (Kendall’s coefficient of 
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concordance W between 0.3 and 0.6). Agreement was lower for tissue blush and venous 

phase visibility, with W values ranging from 0.1 to 0.3 (see Table V). 

 

Table V. Interobserver agreement (Kendall’s W) for Likert scale ratings during the 

subjective evaluation of digital subtraction angiography–digital variance 

angiography image pairs 

Region Large vessels Small vessels Tissue blush Venous phase 

Overall 
0.368 

(< 0.001) 

0.317 

(< 0.001) 

0.288 

(< 0.001) 

0.200 

(< 0.001) 

Upper limb 
0.463 

(< 0.001) 

0.387 

(< 0.001) 

0.402 

(< 0.001) 

0.561 

(< 0.001) 

Lower limb 
0.364 

(< 0.001) 

0.339 

(< 0.001) 

0.312 

(< 0.001) 

0.216 

(< 0.001) 

Head and neck 
0.423 

(< 0.001) 

0.421 

(< 0.001) 

0.359 

(< 0.001) 

0.182 

(0.050) 

Chest 
0.363 

(< 0.001) 

0.303 

(< 0.001) 

0.204 

(< 0.001) 

0.145 

(0.108) 

Values are W (Kendall’s coefficient of concordance) with p-value in parentheses. 

 

4.2. Study II (Short-term blood pressure variability among young adults at high or 

low risk for depression) 

 

4.2.1. Participant characteristics 

The final sample comprised three groups: young adult probands with a history of 

childhood-onset depression (n = 218), their full biological siblings with no history of 

depression (n = 206), and controls with no personal or family history of major psychiatric 

disorders (n = 166). Table VI summarizes the demographic and clinical characteristics of 

these groups. Probands were older than both siblings and controls (p < 0.001), and 

siblings were also significantly older than controls (p = 0.01). Female participants were 

more common in both the proband and sibling groups, consistent with established sex 

differences in depression prevalence. Antihypertensive medication use did not differ 

across groups, whereas probands and siblings had higher BMI and were more likely to 
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smoke than controls. As expected, BDI-II scores were highest among probands. Both 

probands and siblings showed elevated resting DBP relative to controls; however, these 

differences did not remain significant after adjustment for age, sex, and BMI. At the time 

of assessment, 9.2% of probands were experiencing a current depressive episode, with 

the remainder in remission; none of the siblings or controls met criteria for current 

depression (χ² = 35.33, p < 0.001). Additionally, a small proportion of probands (4.1%) 

and siblings (1.5%) were taking psychotropic medication during BP assessment, whereas 

none of the controls were (χ² = 8.59, p = 0.014). 

 

Table VI. Demographic, clinical, and blood pressure characteristics across groups 

(probands, siblings, and controls) 

Parameter 
Probands 

(n = 218) 

Siblings 

(n = 206) 

Controls 

(n = 166) 
F or χ² 

Female, n (%) 103 (47.2)a 
108 

(52.4)a 
62 (37.3)b 8.54* 

Age at assessment (years), mean 

(SD) 
25.1 (2.5)a 

24.3 

(3.7)b 
21.7 (1.5)c 73.61*** 

Body mass index (kg/m²), mean 

(SD) 

24.65 

(5.36)a 

24.83 

(5.61)a 

23.16 

(3.49)b 
6.02** 

Current smokers, n (%) 116 (53.5)a 87 (42.4)b 41 (24.7)c 31.15*** 

Current BP medication, n (%) 2 (0.9) 3 (1.5) 2 (1.2) 0.26 

Systolic BP (mmHg) 

Average (SD) 
112.2 

(12.1) 

111.8 

(10.7) 

111.4 

(11.5) 
0.24 

Range (SD) 8.6 (6.0) 9.0 (5.6) 9.2 (6.1) 0.41 

Diastolic BP (mmHg) 
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Average (SD) 73.0 (8.2)a 73.4 (8.1)a 70.4 (7.8)b 7.29** 

Range (SD) 7.0 (7.0) 6.9 (4.4) 7.2 (5.4) 0.14 

BDI-II score, mean (SD) 
7.08 

(8.15)a 

4.66 

(5.61)b 

3.56 

(4.22)b 
15.75*** 

Age at onset of first depressive 

episode (years), mean (SD) 
10.4 (2.4) N.A. N.A. N.A. 

Number of depressive episodes, n (%) 

1 94 (43.1) N.A. N.A. N.A. 

2 80 (36.7) N.A. N.A. N.A. 

3 or more 44 (20.2) N.A. N.A. N.A. 

% of lifetime spent in depressive 

episodes, mean (SD) 

12.24 

(11.99) 
N.A. N.A. N.A. 

BDI-II, Beck Depression Inventory-II; BP, blood pressure; SD, standard deviation. 

BP average and BP range were computed, respectively, as the mean and the largest 

within‑visit difference among the three seated assessments. All statistics are unadjusted. 

*, p < 0.05; **, p < 0.01; ***, p < 0.001. Superscript letters (a, b, c) denote significant 

pairwise contrasts at p < 0.05. 

 

4.2.2. Blood pressure characteristics and variability 

Short-term BPV was calculated as the within-visit range (maximum minus minimum) of 

three consecutive brachial BP measurements obtained during a 15-minute seated rest 

period. As shown in Table VI, there were no significant group differences in mean SBP 

or systolic BPV, either in unadjusted models (F [2, 586] < 0.5, p > 0.60) or after 

adjustment for age, sex, BMI, and family clustering (random intercept for family; F [2, 

440] = 0.70, p = 0.50). Similarly, although mean DBP initially differed across groups (F 

[2, 586] = 7.29, p < 0.001), this effect was no longer significant when age was included 

as a covariate. No significant differences in diastolic BPV were found across groups in 
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either unadjusted (F [2, 586] = 0.14, p > 0.80) or adjusted models (F [2, 587] = 0.62, p = 

0.54). 

 

4.2.3. Association between depressive history and blood pressure variability in 

probands 

To examine whether aspects of depression were associated with short-term BPV, we 

conducted regression analyses within the proband group. Models tested whether number 

of lifetime depressive episodes, age at onset of the first episode, or percentage of life spent 

in depression predicted systolic or diastolic BPV, adjusting for sex, age, BMI, smoking 

status, and family clustering. 

The number of depressive episodes emerged as a significant predictor of diastolic 

BPV: probands with more episodes exhibited higher diastolic BPV (β = 1.76, t [210] = 

2.87, p = 0.005, η²ₚ = 0.039). For example, the diastolic BP range was 5.86 mmHg (SD = 

4.8) in probands with a single episode and 9.53 mmHg (SD = 12.0) in those with three or 

more episodes. This pattern is consistent with a dose-response relationship between 

depression recurrence and autonomic dysregulation (see Figure 8). 

 

Figure 8. Number of lifetime depressive episodes and diastolic blood pressure 

range among probands (adjusted for sex, age, body mass index, and smoking 

status) 

CI, Confidence interval; DBP, diastolic blood pressure; M, mean. 
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A similar trend was observed for systolic BPV, although the overall model did not 

reach statistical significance (F [5, 210] = 1.13, p = 0.34). The number of depressive 

episodes was marginally associated with greater systolic BPV (β = 0.98, t [210] = 1.82, p 

= 0.071), suggesting a possible, albeit weaker, relationship. 

By contrast, neither age at onset of depression nor percentage of life spent in 

depression significantly predicted systolic or diastolic BPV (all p > 0.23). Furthermore, 

psychotropic medication use at the time of assessment did not significantly influence BPV 

outcomes (F < 1.77, p > 0.19), indicating that medication status was not a confounding 

factor in these associations. 
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5. Discussion 

 

5.1. Study I (Comparison of the performance of digital variance angiography and 

digital subtraction angiography in children with arteriovenous malformations: a 

retrospective observational study) 

 

In this retrospective, observational study, we evaluated the reliability and clinical 

applicability of DVA compared with conventional DSA in pediatric patients with 

extracranial AVMs. To the best of our knowledge, this is the first evaluation of DVA in 

pediatric endovascular interventions. Our findings show that, although DVA yielded a 

significantly superior CNR – with a median CNRDVA/CNRDSA ratio of 2.00 – the 

subjective image quality assessment did not demonstrate a substantial advantage for 

DVA. In terms of visual quality, DVA images were rated as equivalent to or slightly 

inferior to their DSA counterparts. Importantly, these differences were not clinically 

meaningful and did not compromise the overall diagnostic utility of DVA. The absence 

of clear visual superiority does not detract from DVA’s clinical value; its enhanced CNR 

provides a “quality reserve” that can be leveraged to achieve the ALARA (as low as 

reasonably achievable) principle in vulnerable pediatric patients. 

The CNR values observed in our study align with previously reported trends in adult 

endovascular interventions, where DVA consistently outperformed DSA in terms of 

CNR. [29, 84, 86, 95] Historically, DVA research has focused primarily on lower 

extremity arterial interventions – a common site of atherosclerotic disease – where 

CNRDVA/CNRDSA ratios ranged from 1.84 to 2.80 with iodinated contrast agents. [29, 84, 

86, 95] Our findings in pediatric AVMs corroborate these results, with CNRDVA/CNRDSA 

ratios of 2.23 for the upper limbs and 2.06 for the lower limbs. These regions benefit from 

reduced tissue attenuation and minimal motion artifacts, allowing DVA’s kinetic imaging 

algorithm to perform optimally – potentially explaining the enhanced image quality and 

DVA performance. Similar benefits have been reported in adult carotid imaging, where 

CNR ratios of approximately 2.1–2.3 favor DVA. [85] The consistency of results across 

studies and vascular territories supports the generalizability of DVA‑related CNR 

enhancement across age groups. DVA appears to extract more signal from angiographic 
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series than DSA, owing to its variance-based processing, thereby enhancing vessel 

conspicuity in a variety of settings. 

At the same time, our data also highlight that DVA’s relative benefits are context 

dependent, particularly with respect to motion and anatomic factors. In regions prone to 

motion artifacts, DVA’s CNR advantage can be attenuated. Compared with adult 

populations, pediatric head and neck imaging is more challenging, yielding a lower 

CNRDVA/CNRDSA ratio of 1.72 in this region (versus 2.1–2.3 reported in adults). [85] This 

is likely attributable to the practical challenges of pediatric craniofacial angiography: 

children’s involuntary movements – irregular breathing, swallowing, crying, and 

spontaneous motion – induce image blur that disproportionately affects DVA processing. 

Because DVA amplifies temporal intensity fluctuations, motion can be emphasized, 

reducing the net gain in image CNR. A similar pattern is observed in other regions 

affected by organ motion (e.g., the liver), where DVA’s advantage diminishes. For 

example, in transarterial chemoembolization (TACE) – a procedure highly susceptible to 

respiratory and cardiac motion – studies have reported only a modest median CNR ratio 

(DVA/DSA) of approximately 1.24‑fold over DSA. [96] Our chest wall results (thoracic 

AVMs) outperformed TACE-specific outcomes, showing an intermediate benefit with a 

CNR ratio of 1.84 – better than in TACE interventions but still less pronounced than in 

the extremities. We suspect this reflects fewer confounding factors: respiratory motion in 

the chest, while present, was likely less severe than intra-abdominal organ motion, and 

our chest wall lesions were not subject to additional image degradation from bowel gas 

or diaphragmatic movement. These observations reinforce that DVA’s performance is 

optimal when patient or organ motion is minimal. In a nearly static anatomic context, the 

advantages of DVA can be substantial. For instance, in prostatic artery embolization (a 

procedure with minimal motion) DVA yielded a > 4‑fold improvement in CNR relative 

to DSA (CNR ratio 4.11). [97] Collectively, these findings illustrate how technical factors 

– especially motion and tissue attenuation – mediate DVA’s efficacy: DVA excels in 

settings with less motion and attenuation, whereas its edge narrows in more challenging 

environments such as the head and neck of an awake child or a moving visceral field. 

Despite DVA’s clear superiority in CNR, we found no consistent improvement in 

subjective image quality over DSA. In our study, blinded experts often rated DVA image 

quality as equivalent to that of DSA and, in certain domains, slightly lower; however, 
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these differences were small and clinically negligible – findings that contrast with prior 

reports of superior subjective quality for DVA. [26, 29, 95] Several pediatric‑specific 

factors may explain this discrepancy. First, smaller anatomic structures and reduced 

compliance increase susceptibility to motion artifacts, which can be amplified by DVA’s 

sensitivity to temporal intensity fluctuations, thereby degrading perceived sharpness. 

Second, at our center, interventional radiologists routinely perform superselective 

catheterization and angiography in children to minimize contrast use, producing already 

high-quality DSA images and effectively creating a ceiling effect that DVA may not 

readily surpass. Third, the smaller body size in pediatric patients, with less tissue and 

smaller fields, reduces radiation scatter and X‑ray attenuation, yielding inherently better 

image quality even with low‑dose DSA. Taken together, pediatric angiography benefits 

from favorable conditions (small body size, short source-to-object distance, and 

optimized protocols), so DVA’s potential visual advantage may be less apparent –

especially under standard pediatric imaging that uses lower contrast volumes and reduced 

radiation doses. Accordingly, the lack of subjective quality improvement with DVA does 

not imply a flaw in the technique; rather, it reflects the exceptional baseline quality of 

modern DSA and the unique challenges inherent to imaging children. 

The clinical implications of our findings are significant: the substantial 

improvement in CNR achieved with DVA represents a potential quality reserve that can 

be redirected toward patient safety. This enhanced CNR ratio can be leveraged to reduce 

radiation dose or contrast agent volume while preserving diagnostic utility. Recent studies 

support this concept; for example, in carotid interventions DVA permitted approximately 

a 50% reduction in iodinated contrast without loss of image information. [85] Likewise, 

applying DVA in lower extremity angiography enabled about a 70% decrease in radiation 

exposure compared with standard DSA protocols. [98] A 2023 randomized controlled 

trial confirmed that DVA’s quality reserve can be used in routine practice to substantially 

lower radiation doses in lower extremity angiography without compromising image 

quality or diagnostic yield. [86] These advantages likely extend to pediatrics: if DVA 

images are inherently less noisy, diagnostically acceptable clarity can be achieved with a 

fraction of the usual X‑ray dose or contrast volume. This is particularly crucial for 

children, who stand to benefit most from dose-sparing techniques. Our results therefore 
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reinforce the view that DVA could be a valuable tool for advancing pediatric imaging 

safety. 

This study has several limitations. Despite the extended study period, the sample 

size remains limited, a reflection of the rarity of pediatric AVM interventions, which 

reduces statistical power and generalizability. In addition, the retrospective, observational 

design at a single high‑volume center restricts control over confounding variables and 

may introduce selection bias, thereby limiting external validity. Although image 

presentation was anonymized and randomized, inherent visual cues may still have 

introduced bias during the subjective evaluation; this bias could act in either direction 

(novelty preference vs. familiarity with the conventional appearance) and was not fully 

controllable. Furthermore, our analyses focused on immediate image quality metrics; we 

did not directly assess clinical outcomes or diagnostic accuracy, which are the ultimate 

indicators of effectiveness. These limitations underscore the need for prospective studies 

to confirm DVA’s potential advantages. In particular, a randomized controlled trial that 

acquires angiographic series at systematically reduced doses (or with diluted contrast) 

using DVA would allow determination of how far exposure can be lowered while 

maintaining diagnostic sufficiency. Because pediatric physiology demands tailored 

approaches, future protocols should also incorporate strategies to minimize motion – e.g., 

age‑appropriate sedation or distraction techniques – during image acquisition. Such 

studies could establish concrete dose–image quality thresholds and help formulate 

pediatric‑specific guidelines for the clinical use of DVA. 

 

5.2. Study II (Short-term blood pressure variability among young adults at high or 

low risk for depression) 

 

We examined whether young adults with a history of early-onset depression or a familial 

risk of depression exhibit altered short-term BPV, and whether depression characteristics 

(e.g., recurrence, age at onset, duration) relate to BPV. The main findings indicate that, 

at the group level, there were no significant differences in systolic or diastolic BPV among 

participants. However, within the proband group, those who had experienced a greater 

number of depressive episodes showed significantly higher short-term BPV – specifically 

in DBP. The DBP range increased from approximately 5.9 mmHg in probands with a 
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single lifetime episode to about 9.5 mmHg in those with three or more episodes. This 

association persisted after adjustment for age, sex, BMI, and smoking. High-risk 

individuals who had never been depressed (siblings) did not exhibit elevated BPV relative 

to controls, implying that familial predisposition alone is insufficient to produce BP 

dysregulation by this age. Taken together, cumulative depression burden shows a 

measurable, though modest, association with BPV even in young adults, whereas being 

at risk or having a history of a single early episode, by itself, does not confer detectably 

aberrant BPV. 

The absence of between‑group differences in BPV suggests that the physiologic 

impact of depression on short‑term BP dynamics may require a threshold of exposure to 

manifest. Depression is recognized as an independent risk factor for CVD and is thought 

to affect CV regulation via autonomic and endocrine pathways. [99] Prior studies have 

largely examined middle‑aged or older adults and often report greater short‑term BPV 

among clinically depressed individuals. A recent systematic review by Shahimi et al. 

concluded that mental illness is associated with increased BPV “regardless of age”, with 

depressed individuals showing higher ambulatory and home monitor BPV on average. 

[82] Our findings suggest that, in the twenties, such BPV differences may not yet be 

evident – young adults may not have accumulated sufficient long‑term CV alterations for 

BP regulation to be chronically disrupted. In our sample, probands were on average ~25 

years old, and most were in full or partial remission at assessment. It is plausible that 

current depressive state exerts a more immediate influence on BPV than remitted disease. 

Although underpowered, our post hoc comparison hinted that the small subset of 

currently depressed probands (n = 20) had higher mean diastolic (M = 9.0, SD = 15.3) 

and systolic BPV (M = 12.2, SD = 11.5) than those in remission (n = 197; diastolic: M = 

6.8, SD = 5.5; systolic: M = 8.3, SD = 5.1). Thus, a reasonable interpretation is that 

depression’s impact on BPV is conditional – more apparent during active illness or 

following substantial recurrence, but not a blanket effect in all young people with past 

depression. 

The finding that the number of depressive episodes predicted higher BPV supports 

a cumulative burden hypothesis: each episode may act as a significant psychosocial and 

physiologic stressor, accompanied by changes in ANS balance, inflammation, and health 

behaviors that can acutely affect CV function. Repeated episodes could therefore lead to 
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more persistent alterations in vascular tone or baroreflex sensitivity, manifesting as 

greater variability in BP readings. Moreover, depression‑related differences in BPV were 

specific to DBP, whereas the effect on systolic BPV was weaker and not statistically 

significant (only a nonsignificant trend toward higher systolic BPV with more episodes). 

This pattern aligns with other reports: for example, Sible et al. found that subthreshold 

depressive symptoms in older adults correlated with greater visit‑to‑visit variability in 

DBP, but not in SBP. [100] Mechanistically, SBP, especially in young, healthy 

individuals, is strongly influenced by stroke volume and large artery compliance, whereas 

DBP more closely reflects peripheral vascular resistance and arteriolar tone. Short‑term 

fluctuations in vascular resistance (e.g., transient stress‑induced surges in sympathetic 

outflow) would be expected to influence diastolic pressure most. Depression is well 

known to be accompanied by autonomic dysregulation, particularly a shift toward 

sympathetic dominance and reduced parasympathetic (vagal) tone. [49, 50] 

Meta‑analyses of HRV, for instance, consistently show decreased vagal cardiac control 

in depressed individuals, indicating ANS imbalance, which could plausibly contribute to 

greater variability in vascular tone and thus DBP. [101, 102] 

The percentage of life spent depressed did not correlate with BPV, suggesting that 

BPV may be particularly sensitive to disruptions or discontinuities in functioning 

associated with the on–off nature of depressive episodes, whereas prolonged continuous 

exposure to depression exerts only a minimal effect. This interpretation is consistent with 

epidemiologic evidence: Nabi et al. reported that individuals with multiple depressive 

episodes over a 24‑year period had higher odds of developing hypertension compared 

with those with infrequent or no episodes. [103] Age at depression onset also showed no 

relationship with BPV. By design, all probands had childhood‑onset depression (mean 

onset ≈10 years; restricted range), limiting the ability to detect any effect of earlier versus 

later onset within this group. It remains possible that later‑onset depression (e.g., midlife 

onset) might relate differently to BPV, perhaps because late‑onset depression is often 

linked with vascular disease (the “vascular depression” hypothesis). [104] By contrast, 

early‑onset depression is more often tied to genetic and developmental factors and tends 

to run a more recurrent course. [105] 

Depression is often accompanied by behaviors such as smoking and reduced 

physical activity, which were more common in our probands and could contribute to 
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higher BPV or elevated BP levels. Although we adjusted statistically for smoking and 

BMI, residual confounding by lifestyle or unmeasured metabolic factors may partially 

account for the link between recurrent depression and BPV. An earlier study in this cohort 

found that early‑onset depressed probands exhibit more components of metabolic 

syndrome (e.g., higher triglycerides, lower high‑density lipoprotein cholesterol) than 

controls. [106] Metabolic syndrome and insulin resistance can lead to endothelial 

dysfunction and greater BP lability. Thus, it is conceivable that metabolic dysregulation 

mediates part of the BPV elevation observed in those with multiple depressive episodes. 

The observation that high‑risk siblings did not differ from controls in BPV provides 

additional insight. Despite sharing familial/genetic backgrounds with probands, these 

young adults with no personal history of depression showed normal BPV ranges, 

suggesting that depression itself – rather than genetic risk alone – is a key driver of any 

BPV changes. Siblings and probands resembled each other (and differed from controls) 

on certain CV risk factors, such as higher BMI and smoking rates, implying that a familial 

predisposition to depression may cluster with health behaviors or traits (e.g., obesity, 

smoking, subtle BP elevation) that raise baseline CV risk. In this sense, siblings serve as 

a natural “control” for shared familial factors (genetic or environmental), helping to 

isolate the effect of the illness itself. Our data therefore suggest that any substantial impact 

of depression on short‑term BPV emerges only in the presence of a clinical depression 

history; genetic/familial risk without depression did not manifest as abnormal BPV in this 

age group. 

Our finding that young adults with a heavier depression burden exhibit elevated 

BPV raises the possibility that BPV could serve as an early biomarker of CV risk in 

psychiatric populations. Accumulating evidence indicates that depression facilitates 

unhealthy behaviors and physiologic dysregulation (hyperactivation of stress pathways, 

inflammation, autonomic imbalance). [50–52] If short‑term BPV reflects this 

dysregulation, it could be incorporated into clinical monitoring: BPV assessment is 

simple to implement and may flag young patients whose CV systems are under higher 

strain, prompting preventive interventions. 

While this study leverages a large, well‑characterized sample with standardized 

psychiatric evaluations by trained clinicians, several limitations warrant consideration. 

(1) BP was measured on a single day using three “office‑style” readings, providing only 
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a limited snapshot of short‑term variability. (2) Protocol adherence may have varied 

slightly; despite standardization, small differences in cuff placement, timing, or rest 

periods can introduce noise. (3) The cross‑sectional design limits causal inference. (4) 

Controls and siblings were not perfectly age‑matched (controls were, on average, slightly 

younger); we adjusted for age, but residual confounding by age or other demographics 

remains possible. (5) Only 20 probands were in a current depressive episode at 

assessment, which severely limited power to compare them with remitted probands on 

BPV.  
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6. Conclusions 

 

6.1. Study I (Comparison of the performance of digital variance angiography and 

digital subtraction angiography in children with arteriovenous malformations: a 

retrospective observational study) 

 

DVA offers a significant CNR advantage over conventional DSA in pediatric AVM 

imaging. Although subjective visual quality does not surpass that of DSA, the 

demonstrated quality reserve provides a compelling opportunity to reduce radiation dose 

and/or contrast agent volume in children while preserving diagnostic utility. 

 

6.2. Study II (Short-term blood pressure variability among young adults at high or 

low risk for depression) 

 

While group level differences in BPV were not significant, a higher number of depressive 

episodes among probands was associated with increased diastolic BPV, suggesting that 

the cumulative burden of depression may impact CV regulation even in early adulthood. 

These findings highlight BPV as a potential early marker of autonomic change linked to 

recurrent depression and underscore the importance of long‑term monitoring in at‑risk 

populations. 
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7. Summary 

 

This thesis examines two complementary aspects of CV diagnostics in youth and young 

adults: the performance of DVA in pediatric endovascular imaging and the role of 

short‑term BPV as a potential early biomarker of CV risk in individuals with a history of 

childhood‑onset depression. 

Study I. We assessed the diagnostic utility of DVA versus conventional DSA in 132 

angiographic image pairs from pediatric patients with extracranial AVMs. DVA yielded 

consistently higher CNRs, with a median CNRDVA/CNRDSA ratio of 2.00, most notably in 

upper limb AVMs (2.23). Subjective image quality showed no significant advantage for 

DVA over DSA; while DSA was slightly preferred in certain vascular territories, the 

differences were minor and clinically negligible. These findings support the potential of 

DVA to maintain diagnostic quality while enabling reductions in radiation and contrast 

dose. 

Study II. We examined the relationship between depression burden and short‑term 

BPV in a sample of 218 young adult probands with childhood‑onset major depression, 

206 high‑risk siblings, and 166 low‑risk controls. The number of lifetime depressive 

episodes significantly predicted increased diastolic BPV, suggesting that recurrent 

depression may exert an early cumulative physiologic burden on vascular function and 

highlighting the importance of early CV monitoring. 

Together, these studies underscore the significance of both technological 

innovation and psychosocial context in CV diagnostics. DVA offers a promising avenue 

for dose reduction in children, whereas short‑term BPV may serve as a sensitive, 

accessible marker of long‑term CV risk in psychologically vulnerable populations. Both 

approaches emphasize the need for individualized CV assessment strategies across the 

lifespan. 

  



  
 

 51 
 

8. References 

 

1. Luo Y, Liu J, Zeng J, Pan H. Global burden of cardiovascular diseases attributed to 

low physical activity: An analysis of 204 countries and territories between 1990 and 2019. 

Am J Prev Cardiol. 2024;17:100633. 

2. Samet JD, Restrepo R, Rajeswaran S, Lee EY, Green JR. Pediatric Vascular 

Malformations: Imaging Guidelines and Recommendations. Radiol Clin North Am. 

2022;60(1):179–92. 

3. Timbang MR, Richter GT. Update on extracranial arteriovenous malformations: A 

staged multidisciplinary approach. Semin Pediatr Surg. 2020;29(5):150965. 

4. Kunimoto K, Yamamoto Y, Jinnin M. ISSVA Classification of Vascular Anomalies 

and Molecular Biology. Int J Mol Sci. 2022;23(4):2358. 

5. Hawkins CM, Chewning RH. Diagnosis and Management of Extracranial Vascular 

Malformations in Children: Arteriovenous Malformations, Venous Malformations, and 

Lymphatic Malformations. Semin Roentgenol. 2019;54(4):337–48. 

6. Schmidt VF, Masthoff M, Czihal M, Cucuruz B, Häberle B, Brill R, et al. Imaging of 

peripheral vascular malformations - current concepts and future perspectives. Mol Cell 

Pediatr. 2021;8(1):19. 

7. El-Ghanem M, Kass-Hout T, Kass-Hout O, Alderazi YJ, Amuluru K, Al-Mufti F, et 

al. Arteriovenous Malformations in the Pediatric Population: Review of the Existing 

Literature. Interv Neurol. 2016;5(3–4):218–25. 

8. Niazi TN, Klimo P Jr, Anderson RC, Raffel C. Diagnosis and management of 

arteriovenous malformations in children. Neurosurg Clin N Am. 2010;21(3):443–56. 

9. Kondziolka D, Humphreys RP, Hoffman HJ, Hendrick EB, Drake JM. Arteriovenous 

malformations of the brain in children: a forty year experience. Can J Neurol Sci. 

1992;19(1):40–5. 

10. Di Rocco C, Tamburrini G, Rollo M. Cerebral arteriovenous malformations in 

children. Acta Neurochir (Wien). 2000;142(2):145–56; discussion 56–8. 

11. Kargiotis O, Siahos S, Safouris A, Feleskouras A, Magoufis G, Tsivgoulis G. 

Subclavian Steal Syndrome with or without Arterial Stenosis: A Review. J 

Neuroimaging. 2016;26(5):473–80. 



  
 

 52 
 

12. Viñuela F, Fox AJ, Pelz DM, Drake CG. Unusual clinical manifestations of dural 

arteriovenous malformations. J Neurosurg. 1986;64(4):554–8. 

13. Schmidt VF, Masthoff M, Vielsmeier V, Seebauer CT, Cangir Ö, Meyer L, et al. 

Clinical Outcome and Quality of Life of Multimodal Treatment of Extracranial 

Arteriovenous Malformations: The APOLLON Study Protocol. Cardiovasc Intervent 

Radiol. 2023;46(1):142–51. 

14. Strübing FF, Porubsky S, Bigdeli AK, Schmidt VJ, Krebs L, Kneser U, et al. 

Interdisciplinary management of peripheral arteriovenous malformations: review of the 

literature and current proceedings. J Plast Surg Hand Surg. 2022;56(1):1–10. 

15. Adams DM, Trenor CC 3rd, Hammill AM, Vinks AA, Patel MN, Chaudry G, et al. 

Efficacy and Safety of Sirolimus in the Treatment of Complicated Vascular Anomalies. 

Pediatrics. 2016;137(2):20153257. 

16. Liu AS, Mulliken JB, Zurakowski D, Fishman SJ, Greene AK. Extracranial 

arteriovenous malformations: natural progression and recurrence after treatment. Plast 

Reconstr Surg. 2010;125(4):1185–94. 

17. Gilbert P, Dubois J, Giroux MF, Soulez G. New Treatment Approaches to 

Arteriovenous Malformations. Semin Intervent Radiol. 2017;34(3):258–71. 

18. Gibson CR, Barnacle AM. Vascular anomalies: special considerations in children. 

CVIR Endovasc. 2020;3(1):60. 

19. Jin Y, Zou Y, Hua C, Chen H, Yang X, Ma G, et al. Treatment of Early-stage 

Extracranial Arteriovenous Malformations with Intralesional Interstitial Bleomycin 

Injection: A Pilot Study. Radiology. 2018;287(1):194–204. 

20. Shin BS, Do YS, Cho HS, Kim DI, Hahm TS, Kim CS, et al. Effects of repeat bolus 

ethanol injections on cardiopulmonary hemodynamic changes during embolotherapy of 

arteriovenous malformations of the extremities. J Vasc Interv Radiol. 2010;21(1):81–9. 

21. Posa A, Tanzilli A, Barbieri P, Steri L, Arbia F, Mazza G, et al. Digital Subtraction 

Angiography (DSA) Technical and Diagnostic Aspects in the Study of Lower Limb 

Arteries. Radiation. 2022;2(4):376–86. 

22. Andreucci M, Solomon R, Tasanarong A. Side effects of radiographic contrast 

media: pathogenesis, risk factors, and prevention. Biomed Res Int. 2014;2014:741018. 



  
 

 53 
 

23. Benzer M, Alpay H, Baykan Ö, Erdem A, Demir IH. Serum NGAL, cystatin C and 

urinary NAG measurements for early diagnosis of contrast-induced nephropathy in 

children. Ren Fail. 2016;38(1):27–34. 

24. Stevens MA, McCullough PA, Tobin KJ, Speck JP, Westveer DC, Guido-Allen 

DA, et al. A prospective randomized trial of prevention measures in patients at high risk 

for contrast nephropathy: results of the P.R.I.N.C.E. Study. Prevention of Radiocontrast 

Induced Nephropathy Clinical Evaluation. J Am Coll Cardiol. 1999;33(2):403–11. 

25. Verghese PS. Contrast nephropathy in children. J Pediatr Intensive Care. 

2014;3(2):45–52. 

26. Gyánó M, Góg I, Óriás VI, Ruzsa Z, Nemes B, Csobay-Novák C, et al. Kinetic 

Imaging in Lower Extremity Arteriography: Comparison to Digital Subtraction 

Angiography. Radiology. 2019;290(1):246–53. 

27. Sun Z. Digital Variance Angiography: A Promising Alternative Technology to 

Traditional Angiography for Improvement of Image Quality with Reduction of Radiation 

and Contrast Medium Doses. Cardiovasc Intervent Radiol. 2021;44(3):460–1. 

28. Szigeti K, Máthé D, Osváth S. Motion based X-ray imaging modality. IEEE Trans 

Med Imaging. 2014;33(10):2031–8. 

29. Thomas RP, Bastian MB, Viniol S, König AM, Amin SS, Eldergash O, et al. Digital 

Variance Angiography in Selective Lower Limb Interventions. J Vasc Interv Radiol. 

2022;33(2):104–12. 

30. Britton CA, Wholey MH. Radiation exposure of personnel during digital 

subtraction angiography. Cardiovasc Intervent Radiol. 1988;11(2):108–10. 

31. Frane N, Bitterman A. Radiation Safety and Protection. 2023 May 22. In: StatPearls 

[Internet]. Treasure Island (FL): StatPearls Publishing; 2025 Jan–. 

32. Hendee WR, O'Connor MK. Radiation risks of medical imaging: separating fact 

from fantasy. Radiology. 2012;264(2):312–21. 

33. Pearce MS, Salotti JA, Little MP, McHugh K, Lee C, Kim KP, et al. Radiation 

exposure from CT scans in childhood and subsequent risk of leukaemia and brain 

tumours: a retrospective cohort study. Lancet. 2012;380(9840):499–505. 

34. Lehman BJ, Taylor SE, Kiefe CI, Seeman TE. Relationship of early life stress and 

psychological functioning to blood pressure in the CARDIA study. Health Psychol. 

2009;28(3):338–46. 



  
 

 54 
 

35. Zuccarella-Hackl C, Princip M, Sivakumar S, von Känel R. Positive psychological 

well-being and cardiovascular health. Front Psychiatry. 2024;15:1443978. 

36. Xu L, Zhai X, Shi D, Zhang Y. Depression and coronary heart disease: mechanisms, 

interventions, and treatments. Front Psychiatry. 2024;15:1328048. 

37. Solmi M, Radua J, Olivola M, Croce E, Soardo L, Salazar de Pablo G, et al. Age at 

onset of mental disorders worldwide: large-scale meta-analysis of 192 epidemiological 

studies. Mol Psychiatry. 2022;27(1):281–95. 

38. Lin J, Guo W. The Research on Risk Factors for Adolescents' Mental Health. Behav 

Sci (Basel). 2024;14(4):263. 

39. World Health Organization (2024 October 10). Mental health of adolescents, 

Retrieved 2025 July 09 from https://www.who.int/news-room/fact-

sheets/detail/adolescent-mental-health. 

40. Giaconia RM, Reinherz HZ, Paradis AD, Hauf AM, Stashwick CK. Major 

depression and drug disorders in adolescence: general and specific impairments in early 

adulthood. J Am Acad Child Adolesc Psychiatry. 2001;40(12):1426–33. 

41. Grossberg A, Rice T. Depression and Suicidal Behavior in Adolescents. Med Clin 

North Am. 2023;107(1):169–82. 

42. Hooker SA, O'Connor PJ, Sperl-Hillen JM, Crain AL, Ohnsorg K, Kane S, et al. 

Depression and cardiovascular risk in primary care patients. J Psychosom Res. 

2022;158:110920. 

43. Xu Z, Wu X, Xiao C, Zhang W, Yan P, Yang C, et al. Observational and genetic 

analyses of the bidirectional relationship between depression and hypertension. J Affect 

Disord. 2024;348:62–9. 

44. Wu Y, Zhu B, Chen Z, Duan J, Luo A, Yang L, et al. New Insights Into the 

Comorbidity of Coronary Heart Disease and Depression. Curr Probl Cardiol. 

2021;46(3):100413. 

45. Riera-Sampol A, Bennasar-Veny M, Tauler P, Nafría M, Colom M, Aguilo A. 

Association between Depression, Lifestyles, Sleep Quality and Sense of Coherence in a 

Population with Cardiovascular Risk. Nutrients. 2021;13(2):585. 

46. Wootton RE, Richmond RC, Stuijfzand BG, Lawn RB, Sallis HM, Taylor GMJ, et 

al. Evidence for causal effects of lifetime smoking on risk for depression and 

schizophrenia: a Mendelian randomisation study. Psychol Med. 2020;50(14):2435–43. 



  
 

 55 
 

47. Shomaker LB, Tanofsky-Kraff M, Stern EA, Miller R, Zocca JM, Field SE, et al. 

Longitudinal study of depressive symptoms and progression of insulin resistance in youth 

at risk for adult obesity. Diabetes Care. 2011;34(11):2458–63. 

48. Korczak DJ, Cleverley K, Birken CS, Pignatiello T, Mahmud FH, McCrindle BW. 

Cardiovascular Disease Risk Factors Among Children and Adolescents With Depression. 

Front Psychiatry. 2021;12:702737. 

49. Tobaldini E, Carandina A, Toschi-Dias E, Erba L, Furlan L, Sgoifo A, et al. 

Depression and cardiovascular autonomic control: a matter of vagus and sex paradox. 

Neurosci Biobehav Rev. 2020;116:154–61. 

50. Sgoifo A, Carnevali L, Alfonso Mde L, Amore M. Autonomic dysfunction and 

heart rate variability in depression. Stress. 2015;18(3):343–52. 

51. Howren MB, Lamkin DM, Suls J. Associations of depression with C-reactive 

protein, IL-1, and IL-6: a meta-analysis. Psychosom Med. 2009;71(2):171–86. 

52. Beurel E, Toups M, Nemeroff CB. The Bidirectional Relationship of Depression 

and Inflammation: Double Trouble. Neuron. 2020;107(2):234–56. 

53. Gitler A, Bar Yosef Y, Kotzer U, Levine AD. Harnessing non‑invasive vagal 

neuromodulation: HRV biofeedback and SSP for cardiovascular and autonomic 

regulation (Review). Med Int (Lond). 2025;5(4):37. 

54. Shaffer F, Ginsberg JP. An Overview of Heart Rate Variability Metrics and Norms. 

Front Public Health. 2017;5:258. 

55. Kumar C, Sakshi P, Sinha N, Sunita, Kumar T. HRV changes in young adults with 

depression. J Family Med Prim Care. 2024;13(7):2585–8. 

56. Hillebrand S, Gast KB, de Mutsert R, Swenne CA, Jukema JW, Middeldorp S, et 

al. Heart rate variability and first cardiovascular event in populations without known 

cardiovascular disease: meta-analysis and dose–response meta-regression. Europace. 

2013;15(5):742–9. 

57. Mikael LR, Paiva AMG, Gomes MM, Sousa ALL, Jardim P, Vitorino PVO, et al. 

Vascular Aging and Arterial Stiffness. Arq Bras Cardiol. 2017;109(3):253–8. 

58. Agbaje AO. Arterial stiffness precedes hypertension and metabolic risks in youth: 

a review. J Hypertens. 2022;40(10):1887–96. 



  
 

 56 
 

59. Vlachopoulos C, Aznaouridis K, Stefanadis C. Prediction of Cardiovascular Events 

and All-Cause Mortality With Arterial Stiffness: A Systematic Review and Meta-

Analysis. J Am Coll Cardiol. 2010;55(13):1318–27. 

60. Zheng J, Wang X, Mao L, Ye P. Predictive Value of Carotid-femoral Pulse Wave 

Velocity for Major Adverse Cardiovascular Events and All-cause Mortality in Different 

Age Groups of a Chinese Community. Cardiology Discovery. 2024;4(2):167–73. 

61. Liang X, Su S, Hao G, Snieder H, Treiber F, Kapuku G, et al. Determinants of pulse 

wave velocity trajectories from youth to young adulthood: the Georgia Stress and Heart 

Study. J Hypertens. 2019;37(3):563–71. 

62. Ahn Y, Aung N, Ahn HS. A Comprehensive Review of Clinical Studies Applying 

Flow-Mediated Dilation. Diagnostics (Basel). 2024;14(22):2499. 

63. Quinaglia T, Matos-Souza JR, Feinstein SB, Sposito AC. Flow-mediated dilation: 

An evolving method. Atherosclerosis. 2015;241(1):143–4. 

64. Sharma C, Suliman A, Hamad S, Yasin J, Abuzakouk M, AlKaabi J, et al. 

Association of Biomarkers for Dyslipidemia, Inflammation, and Oxidative Stress with 

Endothelial Dysfunction in Obese Youths: A Case–Control Study. Diabetes Metab Syndr 

Obes. 2024;17:2533–45. 

65. Parati G, Ochoa JE, Lombardi C, Bilo G. Assessment and management of blood-

pressure variability. Nat Rev Cardiol. 2013;10(3):143–55. 

66. Bakkar NZ, El-Yazbi AF, Zouein FA, Fares SA. Beat-to-beat blood pressure 

variability: an early predictor of disease and cardiovascular risk. J Hypertens. 

2021;39(5):830–45. 

67. McEvoy JW, McCarthy CP, Bruno RM, Brouwers S, Canavan MD, Ceconi C, et 

al. 2024 ESC Guidelines for the management of elevated blood pressure and 

hypertension. Eur Heart J. 2024;45(38):3912–4018. 

68. Xie X, Atkins E, Lv J, Bennett A, Neal B, Ninomiya T, et al. Effects of intensive 

blood pressure lowering on cardiovascular and renal outcomes: updated systematic 

review and meta-analysis. Lancet. 2016;387(10017):435–43. 

69. Stevens SL, Wood S, Koshiaris C, Law K, Glasziou P, Stevens RJ, et al. Blood 

pressure variability and cardiovascular disease: systematic review and meta-analysis. 

BMJ. 2016;354:i4098. 



  
 

 57 
 

70. Yano Y, Reis JP, Lewis CE, Sidney S, Pletcher MJ, Bibbins-Domingo K, et al. 

Association of Blood Pressure Patterns in Young Adulthood With Cardiovascular Disease 

and Mortality in Middle Age. JAMA Cardiol. 2020;5(4):382–9. 

71. Narita K, Hoshide S, Kario K. Short- to long-term blood pressure variability: 

Current evidence and new evaluations. Hypertens Res. 2023;46(4):950–8. 

72. Schutte AE, Kollias A, Stergiou GS. Blood pressure and its variability: classic and 

novel measurement techniques. Nat Rev Cardiol. 2022;19(10):643–54. 

73. Ko YE, Jhee JH. Short-term blood pressure variability as a potential therapeutic 

target for kidney disease. Clin Hypertens. 2023;29(1):23. 

74. Chen Z, Jiang X, Wu J, Lin L, Zhou Z, Li M, et al. Association between short-term 

blood pressure variability and target organ damage in non-dialysis patients with chronic 

kidney disease. BMC Nephrology. 2024;25(1):111. 

75. Madden JM, O'Flynn AM, Fitzgerald AP, Kearney PM. Correlation between short-

term blood pressure variability and left-ventricular mass index: a meta-analysis. 

Hypertens Res. 2016;39(3):171–7. 

76. Gutteridge DS, Tully PJ, Smith AE, Loetscher T, Keage HA. Cross-sectional 

associations between short and mid-term blood pressure variability, cognition, and 

vascular stiffness in older adults. Cereb Circ Cogn Behav. 2023;5:100181. 

77. Kulkarni S, Parati G, Bangalore S, Bilo G, Kim BJ, Kario K, et al. Blood pressure 

variability: a review. J Hypertens. 2025;43(6):929–38. 

78. Parati G, Torlasco C, Pengo M, Bilo G, Ochoa JE. Blood pressure variability: its 

relevance for cardiovascular homeostasis and cardiovascular diseases. Hypertens Res. 

2020;43(7):609–20. 

79. Li HL, Lin HJ, Muo CH, Lu CY, Kuo CC, Chen PC. Blood Pressure Variability 

and Risk of Cardiovascular Events and Mortality in Real‐World Clinical Settings. J Am 

Heart Assoc. 2025;14(11):037658. 

80. Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, Himmelfarb CD, et 

al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA 

Guideline for the Prevention, Detection, Evaluation, and Management of High Blood 

Pressure in Adults. JACC. 2018;71(19):127–e248. 



  
 

 58 
 

81. Webb AJS, Fischer U, Mehta Z, Rothwell PM. Effects of antihypertensive-drug 

class on interindividual variation in blood pressure and risk of stroke: a systematic review 

and meta-analysis. Lancet. 2010;375(9718):906–15. 

82. Shahimi NH, Lim R, Mat S, Goh CH, Tan MP, Lim E. Association between mental 

illness and blood pressure variability: a systematic review. Biomed Eng Online. 

2022;21(1):19. 

83. Gyánó M, Csobay-Novák C, Berczeli M, Góg I, Kiss JP, Szigeti K, et al. Initial 

Operating Room Experience with Digital Variance Angiography in Carbon Dioxide-

Assisted Lower Limb Interventions: A Pilot Study. Cardiovasc Intervent Radiol. 

2020;43(8):1226–31. 

84. Gyánó M, Berczeli M, Csobay-Novák C, Szöllősi D, Óriás VI, Góg I, et al. Digital 

variance angiography allows about 70% decrease of DSA-related radiation exposure in 

lower limb X-ray angiography. Sci Rep. 2021;11(1):21790. 

85. Óriás VI, Szöllősi D, Gyánó M, Veres DS, Nardai S, Csobay-Novák C, et al. Initial 

evidence of a 50% reduction of contrast media using digital variance angiography in 

endovascular carotid interventions. Eur J Radiol Open. 2020;7:100288. 

86. Sótonyi P, Berczeli M, Gyánó M, Legeza P, Mihály Z, Csobay-Novák C, et al. 

Radiation Exposure Reduction by Digital Variance Angiography in Lower Limb 

Angiography: A Randomized Controlled Trial. J Cardiovasc Dev Dis. 2023;10(5):198. 

87. Baji I, Lopez-Duran NL, Kovacs M, George CJ, Mayer L, Kapornai K, et al. Age 

and sex analyses of somatic complaints and symptom presentation of childhood 

depression in a Hungarian clinical sample. J Clin Psychiatry. 2009;70(10):1467–72. 

88. Diagnostic and statistical manual of mental disorders, 4th ed. Arlington, VA, US: 

American Psychiatric Publishing Inc. 1994. XXVII, 886–XXVII, 897. 

89. Bylsma LM, Yaroslavsky I, Rottenberg J, Jennings JR, George CJ, Kiss E, et al. 

Juvenile onset depression alters cardiac autonomic balance in response to psychological 

and physical challenges. Biol Psychol. 2015;110:167–74. 

90. Kiss E, Gentzler AM, George C, Kapornai K, Tamás Z, Kovacs M, et al. Factors 

influencing mother-child reports of depressive symptoms and agreement among clinically 

referred depressed youngsters in Hungary. J Affect Disord. 2007;100(1–3):143–51. 



  
 

 59 
 

91. Pickering TG, Hall JE, Appel LJ, Falkner BE, Graves J, Hill MN, et al. 

Recommendations for Blood Pressure Measurement in Humans and Experimental 

Animals. Circulation. 2005;111(5):697–716. 

92. Topouchian J, Agnoletti D, Blacher J, Youssef A, Chahine MN, Ibanez I, et al. 

Validation of four devices: Omron M6 Comfort, Omron HEM-7420, Withings BP-800, 

and Polygreen KP-7670 for home blood pressure measurement according to the European 

Society of Hypertension International Protocol. Vasc Health Risk Manag. 2014;10:33–

44. 

93. Lacruz ME, Kluttig A, Kuss O, Tiller D, Medenwald D, Nuding S, et al. Short-term 

blood pressure variability – variation between arm side, body position and successive 

measurements: a population-based cohort study. BMC Cardiovasc Disord. 

2017;17(1):31. 

94. Papaioannou TG, Georgiopoulos G, Stamatelopoulos KS, Protogerou AD, 

Alexandraki KI, Argyris A, et al. Blood pressure variability within a single visit and all-

cause mortality. Neth J Med. 2020;78(4):175–82. 

95. Bastian MB, König AM, Viniol S, Gyánó M, Szöllősi D, Góg I, et al. Digital 

Variance Angiography in Lower-Limb Angiography with Metal Implants. Cardiovasc 

Intervent Radiol. 2021;44(3):452–9. 

96. Lucatelli P, Rocco B, Ciaglia S, Teodoli L, Argirò R, Guiu B, et al. Possible use of 

Digital Variance Angiography in Liver Transarterial Chemoembolization: A 

Retrospective Observational Study. Cardiovasc Intervent Radiol. 2023;46(5):635–42. 

97. Alizadeh LS, Gyánó M, Góg I, Szigeti K, Osváth S, Kiss JP, et al. Initial Experience 

Using Digital Variance Angiography in Context of Prostatic Artery Embolization in 

Comparison with Digital Subtraction Angiography. Acad Radiol. 2023;30(4):689–97. 

98. Gyánó M, Berczeli M, Csobay-Novák C, Szöllősi D, Óriás VI, Góg I, et al. Digital 

variance angiography allows about 70% decrease of DSA-related radiation exposure in 

lower limb X-ray angiography. Sci Rep. 2021;11(1):21790. 

99. Carney RM, Freedland KE, Veith RC. Depression, the Autonomic Nervous System, 

and Coronary Heart Disease. Psychosom Med. 2005;67 Suppl 1:S29-33. 

100. Sible IJ, Jang JY, Sultzer DL, Nation DA. Visit-To-Visit Blood Pressure Variability 

and Subthreshold Depressive Symptoms in Older Adults. Am J Geriatr Psychiatry. 

2022;30(10):1110–9. 



  
 

 60 
 

101. Kemp AH, Quintana DS, Gray MA, Felmingham KL, Brown K, Gatt JM. Impact 

of Depression and Antidepressant Treatment on Heart Rate Variability: A Review and 

Meta-Analysis. Biol Psychiatry. 2010;67(11):1067–74. 

102. Spallone V. Blood Pressure Variability and Autonomic Dysfunction. Curr Diab 

Rep. 2018;18(12):137. 

103. Nabi H, Chastang JF, Lefèvre T, Dugravot A, Melchior M, Marmot MG, et al. 

Trajectories of depressive episodes and hypertension over 24 years: the Whitehall II 

prospective cohort study. Hypertension. 2011;57(4):710–6. 

104. Alexopoulos GS, Meyers BS, Young RC, Campbell S, Silbersweig D, Charlson M. 

'Vascular depression' hypothesis. Arch Gen Psychiatry. 1997;54(10):915–22. 

105. Shi J, Potash JB, Knowles JA, Weissman MM, Coryell W, Scheftner WA, et al. 

Genome-wide association study of recurrent early-onset major depressive disorder. Mol 

Psychiatry. 2011;16(2):193–201. 

106. Daches S, Vértes M, Matthews K, Dósa E, Kiss E, Baji I, et al. Metabolic syndrome 

among young adults at high and low familial risk for depression. Psychol Med. 

2023;53(4):1355–63. 

 

  



  
 

 61 
 

9. Bibliography of the candidate’s publications 

 

9.1. Peer-reviewed articles with relevance to the current work 

1. Nyárády BB, Vértes M, Dósa E, Yang X, George CJ, Kiss E, Baji I, Kapornai K, 

Kovacs M. (2024) Short-term blood pressure variability among young adults at high or 

low risk for depression. J Clin Med. 13(16):4640. IF: 2.9 

 

2. Nyárády BB, Gubán R, Pataki Á, Bibók A, Mihály Zs, Korda D, Horváthy D, Nagy 

AI, Kiss JP, Dósa E. (2025) Comparison of the performance of digital variance 

angiography and digital subtraction angiography in children with arteriovenous 

malformations: a retrospective observational study. Eur Radiol Exp. 9(1):74. IF: 3.6 

 

9.2. Other peer-reviewed articles 

1. Bérczi Á, Nguyen DT, Sarkadi H, Nyárádi BB, Beneda P, Szőnyi Á, Philippovich M, 

Szeberin Z, Dósa E. (2022) Amputation and mortality rates of patients undergoing upper 

or lower limb surgical embolectomy and their predictors. PLoS One. 17: 0279095. IF: 

3.7 

 

2. Nguyen DT, Bérczi Á, Nyárády BB, Szőnyi Á, Philippovich M, Dósa E. (2022) Short- 

and Mid-Term Outcomes of Stenting in Patients with Isolated Distal Internal Carotid 

Artery Stenosis or Post-Surgical Restenosis. J Clin Med. 11:5640. IF: 3.9 

 

3. Nguyen DT, Vokó B, Nyárádi BB, Munkácsi T, Bérczi Á, Vokó Z, Dósa E. (2022) 

Restenosis rates in patients with ipsilateral carotid endarterectomy and contralateral 

carotid artery stenting. PLoS One. 17: 0262735. IF: 3.7 

 

4. Nyárády BB, Kiss LZ, Bagyura Z, Merkely B, Dósa E, Láng O, Kőhidai L, Pállinger 

É. (2024) Growth and differentiation factor-15: A link between inflammaging and 

cardiovascular disease. Biomed Pharmacother. 174:116475. IF: 6.9 

 



  
 

 62 
 

5. Nyárády BB, Dósa E, Kőhidai L, Pállinger É, Gubán R, Szőnyi Á, Kiss LZ, Bagyura 

Z. (2024) Associations between various inflammatory markers and carotid findings in a 

voluntary asymptomatic population sample. Int J Mol Sci. 25(17):9656. IF: 4.9 

 

6. Szőnyi Á, Nyárády BB, Philippovich M, Dobai A, Sari EA, Szőnyi A, Nagy AI, Dósa 

E. (2024) The effect of arterial elongation on isolated common iliac artery pathologies. 

Life (Basel). 14(11):1440. IF: 3.4 

 

7. Szőnyi Á, Balázs G, Nyárády BB, Philippovich M, Horváth T, Dósa E. (2024) Effect 

of sex, age, and cardiovascular risk factors on aortoiliac segment geometry. J Clin Med. 

13(6):1705. IF: 2.9 

 

8. Kiss LZ, Nyárády BB, Pállinger É, Lux Á, Jermendy ÁL, Csobay-Novák C, Soós P, 

Szelid Z, Láng O, Kőhidai L, Dinya E, Dósa E, Merkely B, Bagyura Z. (2024) 

Association of growth and differentiation factor-15 with coronary artery calcium score 

and ankle-brachial index in a middle-aged and elderly Caucasian population sample free 

of manifest cardiovascular disease. Geroscience. 46(1):1343–1350. IF: 5.4 

 

9. Szőnyi Á, Nyárády BB, Mezzetto L, Dósa E. (2025) The evolution of vascular 

interventional radiology and endovascular surgery: an overview of recent advances. J Clin 

Med. 4(3):939. IF: 2.9 

 

9.3. Published abstracts 

1. Nyárády BB, Szőnyi Á, Nguyen DT, Philippovich M, Dósa E. (2022) Occurrence and 

characteristics of carotid filter debris – preliminary results. CIRSE Book of Abstracts. 

Cardiovasc Intervent Radiol. 45 (Suppl 4), page: 502. IF: – 

 

2. Szőnyi Á, Dósa E, Nyárády BB, Vértes M, Philippovich M. (2022) Configurational 

variations of the aorto-iliac (AI) segment. CIRSE Book of Abstracts. Cardiovasc 

Intervent Radiol. 45 (Suppl 4), page: 647. IF: – 

 



  
 

 63 
 

3. Bérczi Á, Nyárády BB, Szeberin Z, Dósa E. (2022) A felső vagy alsó végtagi sebészi 

embolectomián átesett betegek amputációs és mortalitási rátái, valamint azok prediktív 

faktorai. Érbetegségek. Suppl. 2, page: 79. IF: – 

 

4. Philippovich M, Nyárády BB, Szőnyi Á, Nguyen TD, Dósa E. (2023) The significance 

of femoral plaque characteristics in restenosis after carotid artery stenting (CAS). ECR 

Book of Abstracts. Insights Imaging. 14 (Suppl 4), page: 160. IF: – 

 

5. Nyárády BB, Kiss LZs, Bagyura Zs, Dósa E. (2024) A növekedési és differenciálódási 

faktor-15 (GDF-15) kapcsolata a koronária kalcium score-ral és a bokakar indexszel 

olyan középkorú és idős egyéneknél, akiknek nincs manifeszt kardiovaszkuláris 

betegsége. Érbetegségek. Suppl. 2, page: 31. IF: – 

 

6. Nyárády BB, Szőnyi Á, Philippovich M, Nguyen D, Góg I, Pataki Á, Mihály Z, Korda 

D, Horvathy D, Bibók A, Dósa E. (2024) Comparison of the performance of digital 

variance angiography and digital subtraction angiography in children with arteriovenous 

malformations: a retrospective observational study. CIRSE Book of Abstracts. 

Cardiovasc Intervent Radiol. 47 (Suppl 7), page: 1538. IF: –  



  
 

 64 
 

Acknowledgements 

 

I am deeply grateful to everyone who supported and guided me throughout my Ph.D. 

journey. 

First and foremost, I thank my supervisor, Dr. Edit Dósa, for exceptional 

mentorship, insightful guidance, and unwavering encouragement. Her expertise and 

dedication were fundamental to this dissertation, and I am truly grateful for the 

opportunity to work under her supervision. 

I am sincerely thankful to Professor Béla Merkely, Director of the Heart and 

Vascular Center at Semmelweis University, for fostering an inspiring academic 

environment and for supporting this research. I also wish to thank Dr. Balázs Nemes, 

Head of the Interventional Radiology Department, for his openness and ongoing 

professional support, which greatly contributed to the practical aspects of my work. 

I am especially grateful to my Ph.D. colleagues, Dr. Ákos Bérczi, Dr. Dat Tin 

Nguyen, and Dr. Ádám Szőnyi, whose collaboration, insightful discussions, and shared 

enthusiasm made this scientific journey both productive and rewarding. 

I would also like to acknowledge Dr. Csaba Csobay‑Novák for his mentorship and 

leadership, and for fostering a research‑friendly environment that continually encouraged 

curiosity and critical thinking. 

My sincere appreciation goes to all of my radiology colleagues, assistants, and the 

broader interventional radiology team. Your professionalism, teamwork, and 

dedication made the clinical aspects of this work possible, and your support never went 

unnoticed. 

Finally, I owe my deepest gratitude to my family. To my parents, for their 

unconditional support and for instilling in me the values of persistence and curiosity. To 

my beloved wife, Renáta, for her endless patience, encouragement, and love – her belief 

in me has been my greatest strength. And to my children, Ármin and Adrienn: thank you 

for being my greatest inspiration and motivation throughout this journey. 

 
 



Nyárády et al. European Radiology Experimental            (2025) 9:74 
https://doi.org/10.1186/s41747-025-00614-w

OR IG INAL ART ICLE Open Ac c e s s

Comparison of the performance of digital
variance angiography and digital
subtraction angiography in children with
arteriovenous malformations: a retrospective
observational study
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Abstract

Background Reducing contrast agent and radiation exposure is paramount for pediatric patients. Digital variance
angiography (DVA) might address this need by increasing the contrast-to-noise ratio (CNR).

Materials and methods A total of 132 raw iodinated contrast angiograms of 10 children (mean age: 12 years) who
had endovascular procedures for arteriovenous malformations were retrospectively processed for DVA analysis. The
CNR of the DVA and digital subtraction angiography (DSA) images was calculated. The visual image quality was
assessed using a four-point Likert scale. Statistical analyses were based on the Wilcoxon signed-rank test and one-
sample t-test.

Results The CNR was determined and compared for 3,318 regions of interest in 132 image pairs in four anatomical
regions (upper limb (UL), lower limb (LL), head and neck (HN), and chest (CH)). DVA outperformed DSA, with a median
overall CNRDVA/CNRDSA ratio of 2.00 (UL, 1.83; LL, 1.71; HN, 2.06; CH, 2.23; all p < 0.001). The paired Likert scale scores
were significantly different from zero in 50% of the comparisons (in all large vessel and small vessel groups, except in
the UL region, and the tissue blush group in the LL and HN regions), indicating a superiority of DSA, but the difference
was clinically negligible.

Conclusion Although DVA improved CNR, it did not surpass DSA in subjective image quality, possibly due to motion
artifacts and the high baseline quality of DSA images.

Relevance statement The enhanced CNR seen with DVA indicates a potential quality reserve that could be exploited
to safely reduce contrast agent dose and radiation risks in pediatric patients, who are more susceptible to the long-
term effects of radiation.

Key points
● In previous studies, DVA was superior to DSA due to a higher CNR and better image quality. However, no evidence was
available regarding pediatric endovascular procedures.
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● While DVA exhibited a marked advantage in terms of the CNR, it was unable to surpass DSA in terms of visual
assessment.

● The enhanced CNR seen with DVA indicates a potential quality reserve that could be exploited to safely reduce contrast
agent dose and radiation risks in pediatric patients.

Keywords Angiography (digital subtraction), Arteriovenous malformations, Child, Contrast media, Radiation
protection

Graphical Abstract

• DVA achieved a higher CNR 
compared to DSA: 
CNRDVA/CNRDSA all regions, 
median (IQR): 2.00 (0.74–4.49).

• This indicates a potential quality 
reserve could be exploited to 
safely reduce radiation risks and 
contrast dose in pediatric patients.

• DSA was superior in terms of 
visual image quality, but the 
difference was clinically negligible.

DDVA is a promising tool for reducing radiation and contrast doses
in pediatric interventions while maintaining image quality
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Background
Congenital vascular malformations are a subset of vas-
cular anomalies typically diagnosed in the first two dec-
ades of life, affecting approximately 0.5% of the European
population [1]. In 1996, the International Society for the
Study of Vascular Anomalies established a comprehensive
classification system for vascular anomalies, which was
revised in 2018 [1, 2]. Arteriovenous malformations
(AVMs) are a prevalent subtype of vascular malforma-
tions. The above classification defines AVMs as high-flow
vascular anomalies [1, 2]. Catheter-directed angiography
is essential for planning and performing invasive treat-
ment of AVMs [3, 4]. Pediatric AVMs present a unique
clinical challenge due to the complexity of the lesions and
the long-term radiation risks, as reducing the size or
preventing the growth of AVMs is usually achieved
by multiple radiological interventions rather than a
single one.

The conventional method of catheter-directed angio-
graphy involves administering an iodinated contrast
agent, either intra-arterially or intravenously, to visualize
blood vessels. Meticulous removal of the radiopaque
structures from the images ensures an accurate assess-
ment of blood vessels. The resultant images are digital
subtraction angiography (DSA) images. Notably, iodi-
nated contrast agents are potentially toxic, particularly in
patients with impaired renal function. Moreover, ionizing
radiation exposure has non-negligible adverse effects on
the patient (especially in younger age groups) and the
personnel conducting the procedure [5–7].
A substantial body of research is underway to determine

the optimal approach for endovascular interventions,
aiming to minimize the use of contrast agents and reduce
radiation exposure, while preserving image quality. Digital
variance angiography (DVA) is a relatively novel tech-
nology based on the principles of kinetic imaging. It
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derives data from images obtained with penetrating
radiation [8, 9]. Contrary to the DSA method, the DVA
approach does not utilize a mask for subtraction. Instead,
it calculates the standard deviation of the x-ray attenua-
tion of each pixel. This processing algorithm extracts
more information from the raw, unsubtracted acquisitions
than the DSA method. Additionally, it improves image
quality by amplifying the signal of the moving (flowing)
contrast agent while suppressing background noise
[10–16].
It has been shown that the superior quality of DVA can

be used effectively to reduce the amount of contrast agent
[17] or the radiation dose [18, 19]. This dose management
capability would greatly benefit angiography in pediatric
patients. However, the qualitative and quantitative indi-
cators of DVA images have not yet been compared with
those of DSA images in children, in whom catheter-
directed diagnostic and/or therapeutic procedures are
routinely performed with less contrast agent and reduced
radiation doses. Therefore, this retrospective study aimed
to investigate the performance of DVA in pediatric
patients. AVMs were chosen as the model condition for
this study because in these lesions, it is often possible to
evaluate different types of vascular structures, tissue
blush, and venous outflow simultaneously.

Methods
The study was carried out following the ethical standards
outlined in the 1964 Helsinki Declaration [20] and the
regulations set by the national research committee. The
study was approved by the Semmelweis University
Regional and Institutional Committee of Science and
Research Ethics (approval number 182/2022). Prior to
access, all data were fully anonymized, and the afore-
mentioned ethics committee waived the requirement for
informed consent for the study. This retrospective
observational study analyzed 10 patients (mean age, 12
years (range, 7–17 years), four males and six females) with
a solitary AVM who underwent 15 endovascular inter-
ventions between December 2022 and December 2024 at
the Heart and Vascular Center of Semmelweis University.

DSA and DVA image generation
Before the diagnostic or therapeutic DSA examination,
the interventional radiologist explained the procedure and
its possible complications in detail to the patient (if the
patient was at least of school age) and the parents, and
obtained the parents’ verbal and written consent. The
endovascular procedures were executed by two inter-
ventional radiologists (Á.P. and E.D.), each with over
20 years of experience. The volume and rate of contrast
agent administration were tailored to the patient and the
lesion, ranging from 15 to 147 mL per intervention. The

intra-arterial contrast agents utilized included Ultravist
(370 mg I/mL; Bayer AG), Iomeron (300 mg I/mL; Bracco
Imaging SpA), and Omnipaque (300 mg I/mL; GE
HealthCare Technologies Inc.). The acquisition of raw
angiography images was performed at a rate of two or four
frames per second using a Siemens Artis zee angiography
machine (Siemens Healthineers AG) with a 30 × 40 cm
detector. DSA and DVA images were derived from the
same raw angiography image series for the study. DSA
images were created on the Syngo workstation (Siemens
Healthineers AG), while the DVA images were produced
using the Kinepict Medical Imaging Tool v5.3 (Kinepict
Health Ltd, Budapest, Hungary). Generating DSA and
DVA images involved postprocessing steps, such as
motion correction (pixel shift) and brightness/contrast
adjustment, performed by a dedicated interventional
radiologist (E.D.) using Syngo (for DSA images) and
Kinepict software (for DVA images). Therefore, there was
no discernible difference between the two image types in
this respect. The calculated images were then employed to
determine the contrast-to-noise ratio (CNR) and web-
based visual evaluation.

Image analysis: CNR
To obtain the CNR, regions of interest (ROIs) were
manually selected on the AVM and the background.
Then, pairs of ROIs were formed, consisting of a vascular
ROI (placed on a contrast-filled vessel or blush) and an
adjacent background ROI (placed on soft tissue or an
unenhanced area). On average, 25 ROI pairs were defined
for each AVM (Fig. 1). When a geometric discrepancy
arose between the DSA and DVA images due to pixel
shift, the ROIs of the DVA image were aligned with the
ROIs of the corresponding DSA image. The calculation of
the CNR for each ROI pair was completed using the
following formula:

CNR ¼ ðMeanv �MeanbÞ
SDb

where Meanv and Meanb refer to the mean pixel intensity
value of the vascular (Meanv) and background (Meanb)
ROIs, while SDb refers to the standard deviation value of
the pixel intensity of the background ROIs. The CNR was
subsequently computed for both DSA and DVA ROI
pairs. The ratio of the CNR of DVA to the CNR of DSA
(CNRDVA/CNRDSA) was also determined. ROIs were
identified using Fiji software (version 2.0.0-rc-68/1.52e;
National Institutes of Health).

Image analysis: quality assessment
A web-based survey was conducted in a randomized and
blinded manner, with DSA and DVA images evaluated by
four interventional radiologists (Á.P., A.B., D.K., and D.H.)
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and a vascular surgeon (Z.M.) with a minimum of five
years of experience. The images were compared using a
four-point Likert scale, with the visibility and diagnostic
value of large vessels, small vessels, tissue blush (if
applicable), and the venous phase (if present) considered.
The images encompassed four anatomical regions: upper
extremities (14 image pairs), lower extremities (56 image
pairs), head and neck (23 image pairs), and chest
(39 image pairs). The image pairs were graded as follows:
0= same, 1= slightly better, 2= clearly better, and
3= better in all respects. The image pairs were presented
randomly, without revealing the image type. Each image
pair was rated on a single occasion by each reader, and all
five experts compared all image pairs.

Statistical analysis
The Stata 15.0 (StataCorp LLC) and GraphPad Prism
8.4.2 (GraphPad Software Inc.) programs were used for
statistical analysis. The CNR values were expressed as
median and interquartile range, and a comparison was
made using the Wilcoxon signed-rank test. For the visual
assessment scores, the mean and standard error of the
mean were determined. The standard error of the mean
was used instead of the standard deviation, as the primary
goal was not to describe the variability of individual
scores, but to report the reliability of the mean estimate.
The deviation from 0, representing an equal quality
level, was analyzed by the one-sample t-test. The nor-
mality of the distribution was investigated using the

Kolmogorov–Smirnov test. Kendall’s W was calculated to
test for agreement among observers, with possible values
of 0 (no agreement), 0.1 (weak agreement), 0.3 (moderate
agreement), 0.6 (strong agreement), and 1 (perfect
agreement). The sample size (n= 132 image pairs) was
determined based on available data; a post hoc power
analysis confirmed > 95% power to detect medium effect
sizes (r= 0.3) at a two-sided alpha of 0.05. Statistical
significance was defined as p < 0.05.

Results
The patients had no known comorbidities and were not
taking any regular medications. Two AVMs were identi-
fied in the upper limb, four in the lower limb, two in the
head and neck region, and two in the chest. Three of the
15 endovascular procedures performed were diagnostic,
while 12 were therapeutic.

Image analysis: CNR
The DSA images from which the DVA images were gen-
erated contained an average of 15 frames (range, 5–53
frames) per image. A total of 132 DSA-DVA image pairs
were evaluated (upper limb, n= 14; lower limb, n= 56;
head and neck region, n= 23; and chest, n= 39). A total of
3,318 ROIs were selected for the 132 DSA-DVA image
pairs (upper limb, n= 501; lower limb, n= 1,659; head and
neck region, n= 472; and chest, n= 686). The CNR values
of the DVA images were found to be significantly higher
than those of the DSA images (all p < 0.001; see Fig. 2 for

Fig. 1 Contrast-to-noise ratio comparison of digital subtraction angiography and digital variance angiography images in a chest wall arteriovenous
malformation. DSA, Digital subtraction angiography; DVA, Digital variance angiography
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box plots of CNR and Table 1). The highest ratio of the
CNR of DVA to that of DSA was observed in upper limb
AVMs (2.23 (interquartile range 1.18–4.19); Table 1).

Image analysis: quality assessment
As illustrated in Fig. 3 and Table 2, the Likert scale results
depended on the localization of AVMs. For upper limb
AVMs, the visibility of large vessels, small vessels, tissue

blush, and the venous phase did not differ significantly
between DSA and DVA images. Conversely, DSA images
significantly outperformed DVA images in displaying large
and small vessels and tissue blush for lower limb and head
and neck AVMs, as well as large and small vessels for chest
AVMs (see Fig. 3 for box plots of Likert scores and Table 2).
When evaluating the large and small vessels across all

regions, Kendall’s W coefficient ranged from 0.3 to 0.6,

Fig. 2 Results of the contrast-to-noise ratio measurements. CNR, Contrast-to-noise ratio; DSA, Digital subtraction angiography; DVA, Digital variance
angiography. The mean value, median value, interquartile range, and minimum and maximum values are shown (in symbol form) for each graph. All
p < 0.001

Table 1 Results of the contrast-to-noise ratio measurements

AVM DSA CNR, median (IQR) DVA CNR, median (IQR) Number of measurements p-value CNRDVA/CNRDSA, median (IQR)

All 19.71 (2.52–61.27) 41.29 (1.90–137.02) 3,318 < 0.001 2.00 (0.74–4.49)

Upper limb 29.98 (9.51–72.51) 67.41 (19.90–162.19) 501 < 0.001 2.23 (1.18–4.19)

Lower limb 17.64 (3.54–60.93) 38.32 (4.63–129.24) 1,659 < 0.001 2.06 (0.78–4.63)

Head and neck 17.65 (0.72–57.40) 34.99 (0.30–109.68) 472 < 0.001 1.72 (0.33–4.33)

Chest 20.01 (5.31–53.30) 38.41 (5.11–107.78) 686 < 0.001 1.84 (0.78–4.41)

AVM Arteriovenous malformation, CNR Contrast-to-noise ratio, DSA Digital subtraction angiography, DVA Digital variance angiography, IQR Interquartile range
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suggesting moderate interrater agreement. A weaker
agreement was observed among the raters for the tissue
blush and venous phase, with Kendall’s W values ranging
from 0.1 to 0.3 (Table 3).

Discussion
This study aimed to compare the performance of DVA
technology with that of DSA in pediatric patients with
AVM undergoing endovascular procedures. The study

found that, while DVA exhibited a marked advantage in
terms of CNR (CNRDVA/CNRDSA ratio of 2.00), it was
unable to surpass DSA in terms of visual assessment
per the prevailing protocol because the visual image
quality of DVA was either equivalent to or marginally
inferior to that of DSA. We believe that this small dis-
crepancy in visual quality is of negligible clinical relevance
and is unlikely to impact the overall diagnostic efficacy of
DVA.

Fig. 3 Likert scale comparison of digital subtraction angiography and digital variance angiography images. The mean value, median value, interquartile
range, and minimum and maximum values are shown (in symbol form) for each graph. Negative values indicate an advantage of digital subtraction
angiography. AVM, Arteriovenous malformation; LV, Large vessel; SV, Small vessel; TB, Tissue blush; VP, Venous phase. * p < 0.05; ** p < 0.01; *** p < 0.001

Table 2 Likert scale comparison scores for digital subtraction angiography and digital variance angiography images

AVM location Large vessels Small vessels Tissue blush Venous phase

Likert score, mean ± SEM (number of comparisons, n)

Upper limb 0.06 ± 0.09

(14)

0.04 ± 0.19

(14)

0.09 ± 0.18

(8)

-0.29 ± 0.14

(8)

Lower limb -0.38 ± 0.07***

(56)

-0.44 ± 0.09***

(56)

-0.32 ± 0.12**

(49)

0.09 ± 0.21

(16)

Head and neck -0.55 ± 0.11***

(23)

-0.30 ± 0.12*

(23)

-0.44 ± 0.11***

(19)

-0.08 ± 0.36

(8)

Chest -0.39 ± 0.09***

(39)

-0.36 ± 0.12**

(39)

-0.25 ± 0.19

(21)

0.25 ± 0.36

(10)

Negative values represent an advantage of digital subtraction angiography
AVM Arteriovenous malformation, SEM Standard error of the mean
* p < 0.05; ** p < 0.01; *** p < 0.001
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Regarding CNR, the present results agree with previous
studies on vascular interventions. In these studies, DVA
consistently demonstrated a higher CNR than DSA. Most
previous studies focused on lower limb endovascular pro-
cedures, with a median overall CNRDVA/CNRDSA ratio
between 1.84 and 2.8 [12, 13, 18, 19, 21]. These results align
closely with our findings (median overall CNRDVA/CNRDSA

ratio of 2.00), particularly when considering the results in the
lower (CNRDVA/CNRDSA ratio of 2.06) and upper limb
regions (CNRDVA/CNRDSA ratio of 2.23), where radiation
must penetrate less tissue, and motion-related artifacts
affecting image quality are minimal. Studies in the carotid
region have reported CNR ratios ranging from 2.06 to 2.25,
with DVA prevailing [17]. The rapid and irregular breathing
patterns observed in children, in conjunction with involun-
tary swallowing or crying, have been shown to induce sig-
nificant motion in the head and neck region, thereby
contributing to motion artifacts during imaging procedures.
This may explain why lower CNR values were noted in cases
of pediatric AVMs located in the head and neck region, with
a median CNRDVA/CNRDSA ratio of 1.72. In the context of
transarterial chemoembolization of the liver, an intervention

susceptible to motion artifacts due to respiration and cardiac
pulsations, the median overall CNRDVA/CNRDSA ratio was
1.24 [15]. Notably, our study revealed higher CNR values in
the chest region (CNRDVA/CNRDSA ratio of 1.84), where
comparable motion artifacts, although present, were less
pronounced than in the upper abdominal region. The
interference of bowel movements and intestinal gas, which
can impede the interpretation of images during transarterial
chemoembolization of the liver, may explain the difference
between the thoracic and abdominal regions. It is also
noteworthy that the AVMs observed in this study were in
the chest wall, rather than in the lungs. The findings of a
recent intervention, prostatic artery embolization, are very
promising, evidencing a more than fourfold advantage of
DVA (CNRDVA/CNRDSA ratio of 4.11) [14].
In contrast to prior studies, which indicated the

superiority of DVA in visual quality assessments, this
study showed that DVA was not superior to DSA in visual
quality. The following factors may be responsible for this
discrepancy. First, pediatric patients have smaller vessels
and anatomical structures that are sensitive to even the
slightest movements, and motion-related artifacts may be
amplified in certain instances by the variance-based DVA
algorithm. Second, (super)selective angiography typically
produces high-quality DSA images, thereby setting a high
standard that is challenging to exceed. Third, children’s
smaller body size and lower tissue mass facilitate higher
image quality with conventional DSA techniques. Given
the optimization of DSA for high-quality imaging, a
“ceiling effect” may emerge, where further enhancements
in visual quality become difficult to achieve.
The improved CNR observed with DVA suggests a pos-

sible quality reserve that could be employed for dose
management in pediatric patients, who are more vulnerable
to the long-term consequences of radiation. In a pro-
spective study conducted in 2021, Gyánó et al. found that
DVA allows for an approximately 70% reduction in DSA-
related radiation exposure in lower extremity interventions
[18]. The results of a recently published randomized clin-
ical trial demonstrated that the quality reserve of DVA
established in previous retrospective studies can be used in
selective lower limb procedures to reduce radiation expo-
sure in clinical practice without compromising image
quality or the diagnostic value of angiograms [19].
Our study has several limitations. First, the sample size is

small (10 patients; 132 image pairs). Second, the study design
is retrospective and observational, which introduces poten-
tial selection bias, as only patients who underwent clinically
indicated procedures for AVM treatment at a single center
were included. Third, image interpretation was influenced by
subjective expert judgment, although interrater agreement
was moderate to strong for most parameters. These factors
may limit the generalizability of the findings.

Table 3 Interrater agreement

Arteriovenous

malformation

Kendall’s concordance

coefficient W

p-value

All

Large vessels 0.368 < 0.001

Small vessels 0.317 < 0.001

Tissue blush 0.288 < 0.001

Venous phase 0.200 < 0.001

Upper limb

Large vessels 0.463 < 0.001

Small vessels 0.387 < 0.001

Tissue blush 0.402 < 0.010

Venous phase 0.561 < 0.001

Lower limb

Large vessels 0.364 < 0.001

Small vessels 0.339 < 0.001

Tissue blush 0.312 < 0.001

Venous phase 0.216 < 0.001

Head and neck

Large vessels 0.423 < 0.001

Small vessels 0.421 < 0.001

Tissue blush 0.359 < 0.001

Venous phase 0.182 < 0.050

Chest

Large vessels 0.363 < 0.001

Small vessels 0.303 < 0.001

Tissue blush 0.204 < 0.001

Venous phase 0.145 0.108
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Prospective studies are needed to validate the purported
benefits of DVA in pediatric radiological interventions,
especially regarding radiation dose reduction. These studies
can intentionally reduce the volume of contrast agent and
radiation exposure during DVA acquisitions to test whe-
ther image quality remains diagnostically acceptable, and
then use stepwise dose reduction tiers to set safety
thresholds for each vascular region. It is essential to adapt
imaging protocols to the distinctive physiological char-
acteristics of children, including implementing age-
appropriate sedation strategies to minimize motion dur-
ing acquisitions, adjusting frame rates, and utilizing shorter
acquisition windows. Additionally, the optimization of
motion correction algorithms is crucial. Establishing stan-
dardized pediatric DVA protocols that incorporate these
adaptations would support safer imaging practices.
In conclusion, the results of this study propose that DVA

possesses a considerable capacity for enhancing CNR. In
light of the encouraging outcomes revealed in earlier pro-
spective studies conducted on lower extremity endovascular
procedures, our findings offer a promising avenue for
addressing the critical issue of radiation dose management,
particularly in the context of pediatric populations. Conse-
quently, further exploration is warranted to investigate the
potential of DVA to reduce radiation exposure while
maintaining diagnostic image quality in pediatric patients.
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AVM Arteriovenous malformation
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DSA Digital subtraction angiography
DVA Digital variance angiography
ROI Region of interest
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Abstract: Background: Depression has been shown to have adverse effects on blood pressure
(BP) and is associated with high blood pressure variability (BPV). In turn, high short-term BPV
has been related to eventual cardiovascular risk. But it is not clear how early in adulthood the
detrimental effects of depression on BPV may be discerned, if being at high risk for depression also
compromises BPV, and whether the clinical features of depression moderate its adverse effects. We
investigated these three issues among young adults using an office-like setting. Methods: In total,
218 subjects with a history of childhood-onset major depressive episodes (probands), 206 never-
depressed full biological siblings of the probands (high-risk siblings), and 166 emotionally healthy
unrelated controls received a psychiatric evaluation and three standardized-sitting BP measurements
5 min apart. Short-term BPV was defined as the maximum difference between measures (range) for
each case. The statistical methods included analyses of variance/covariance, chi-square tests, and
multiple regression. Results: Systolic and diastolic BP decreased over consecutive measurements
(p < 0.001). After controlling for age, the probands, siblings, and controls did not differ significantly in
terms of BPV. However, the number of lifetime depressive episodes did predict the diastolic BP range
(p = 0.005): probands with the highest number of depressive episodes had the largest short-term
diastolic BPV. Conclusions: On a group level, the adverse effects on BPV of having experienced or
being at high risk for depression are not yet evident during young adulthood. However, the number
of major depressive episodes, which is an index of lifetime depression burden, predicts higher BPV.
Thus, BPV monitoring for young adults with clinical depression histories could be part of an early
intervention program to reduce the risk of eventual cardiovascular disease.

Keywords: blood pressure; short-term blood pressure variability; cardiovascular risk; childhood-
onset depression; depressive episodes; hypertension prevention

1. Introduction

Clinical depression has been recognized as an independent risk factor for cardiovascu-
lar disease [1]: it affects cardiovascular regulation [2], impairs autonomic functioning [3],
and predicts hypertension [4], coronary heart disease, and all-cause mortality [5]. While
the exact mechanism whereby depression affects cardiovascular health and targets organ
damage is only partly understood [6], atypical blood pressure (BP) is believed to be one
physiological link [4]. In turn, high blood pressure variability (BPV), one of the defining
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features of atypical BP, has also been shown to prognosticate cardiovascular problems,
eventual multi-systemic damage, and even all-cause mortality [4,6–9]. Blood pressure
variability can be determined within various time frames (ultra short-term, such as beat-to-
beat; short-term, such as <24 h; long-term, such as visit-to-visit) and quantified via several
metrics (e.g., standard deviation [SD], range, coefficient of variation, independent variation,
mean true variability) [8,10,11].

As recent reviews reveal [8,10,11], a substantial amount of research has been conducted
on BPV and its prognostic utility is widely accepted. There is also an emerging body of
literature, that points to an association between BPV and depression. For example, Shahimi
et al.’s [12] recent review addressed the relationship between BPV and mental disorders,
including depression: they identified 12 studies that met their selection criteria, including
six that examined patients with depression or depressive disorders. The review concluded
that, in general, individuals with mental illness are significantly likely to have increased
BPV regardless of age. Specifically, depressed individuals were found to have higher
short-term BPV [12].

However, while the studies of depression and BPV have covered a wide age range,
the typical sample generally comprises middle-aged or older individuals. Given that
depression (as well as most other major mental disorders) initially emerges in adolescence
or earlier [13], it is important to know whether its detrimental effects on BPV are evident
already during young adulthood. Relatedly, little is known about whether the clinical
features of a person’s depression (e.g., number of episodes) contribute to its detrimental
effects. And while individuals with a family history of depression are at high risk of
developing depression themselves [14], there is no information as to whether being at high
risk (versus having already had depression) also predicts elevated BPV.

Finally, given that increased BPV predicts multiple adverse cardiovascular outcomes
separately and independently of the average BP, and thus has considerable value [10,11],
one question is why this index has not been embraced in everyday clinical practice [11].
One contributing factor may be that there is no standardized protocol for the measurement
of BPV [10,12]; alternatively, the various approaches used in research settings may be
too cumbersome or burdensome. Indeed, Schutte et al. [11] have noted that despite the
dynamic nature of BP and advances in measurement techniques, the most important
clinical decisions are usually based on three, static, office-based BP measures using the
upper-arm-cuff method.

To study the effect of depression on BPV among young adults, we therefore designed
a protocol that should be easy to reproduce in typical clinical settings. We focused on
short-term (<24 h) BPV and measured BP in a standardized manner via the upper-arm-
cuff method. We studied a sample of young adults who had psychiatrically diagnosed
childhood-onset major depressive disorder (referred to as probands from here on), their
full biological siblings who never had depression (a group at high risk for depression),
and emotionally normative controls free of lifetime depression. Further information on
the relationship between clinical depression and BPV may help to identify and address
both mental health and cardiovascular issues as early as possible across the age span and
thereby improve overall health outcomes later in life.

2. Patients and Methods
2.1. Subjects

Subjects for the present study were ascertained by contacting individuals who have
participated in a prior study of juvenile-onset depression and made their contact informa-
tion available to future research. The prior study recruited probands and their siblings in
Hungary from 23 child mental health facilities, serving both urban and rural areas [15],
from the year 2000 to 2006 for a genetic and clinical study. Probands had to meet the
following criteria: have had a current or recent DSM-IV (Diagnostic and Statistical Man-
ual of Mental Disorders, fourth edition) [16] major depressive or dysthymic episode; be
7–14 years of age; be free of intellectual disability and major medical disorders; and have
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at least one biological parent and a 7–17.9-year-old full biological sibling available for
the study [17,18]. Controls were recruited from schools in the areas in which most of the
probands resided. For more details on the recruitment of school-based controls, please see
a previous publication [17].

To gather the overall sample for the present investigation, we re-contacted all available
probands, siblings (age 18 or older), and controls. After explaining the study and receiving
informed consent, we assessed all those who wanted to participate. We then enrolled all
probands; that is, all the young adult subjects with a history of childhood-onset major
depressive episodes (n = 218), the full biological siblings of the probands (high-risk siblings)
who had no history of depressive disorders (n = 206), and the controls who have continued
to remain free of major psychiatric disorders (n = 166).

Table 1 includes characteristics of the samples in the current study. As shown,
probands were older than the siblings and controls; and siblings were older than the
controls. There were more females among the probands and siblings than the controls
(Table 1). The current research study was approved by the Hungarian National Ethical
Committee as well as the institutional review boards of the University of Pittsburgh and
the Hungarian clinical research sites. All subjects provided written informed consent.

Table 1. Demographic, clinical, and blood pressure characteristics of the samples.

Parameters Probands
(n = 218)

Siblings
(n = 206)

Controls
(n = 166) F or χ2

Female, n (%) 103 (47.2) a 108 (52.4) a 62 (37.3) b 8.54 *

Age at assessment (years), mean (SD) 25.1 (2.5) a 24.3 (3.7) b 21.7 (1.5) c 73.61 ***

BMI (kg/m2), mean (SD) 24.65 (5.36) a 24.83 (5.61) a 23.16 (3.49) b 6.02 **

Current smokers, n (%) 116 (53.5) a 87 (42.4) b 41 (24.7) c 31.15 ***

Current BP medication, n (%) 2 (0.9) 3 (1.5) 2 (1.2) 0.26

Systolic BP (mm Hg)

Average (SD) 112.2 (12.1) 111.8 (10.7) 111.4 (11.5) 0.24
Range (SD) 8.6 (6.0) 9.0 (5.6) 9.2 (6.1) 0.41

Diastolic BP (mm Hg)

Average (SD) 73.0 (8.2) a 73.4 (8.1) a 70.4 (7.8) b 7.29 **
Range (SD) 7.0 (7.0) 6.9 (4.4) 7.2 (5.4) 0.14

BDI-II score, mean (SD) 7.08 (8.15) a 4.66 (5.61) b 3.56 (4.22) b 15.75 ***

Age at onset of first depressive
episode (years), mean (SD) 10.4 (2.4) n.a. n.a. n.a.

Number of depressive episodes, n (%)

1 94 (43.1) n.a. n.a. n.a.
2 80 (36.7) n.a. n.a. n.a.

3 or more 44 (20.2) n.a. n.a. n.a.
Percent of lifetime spent in depressive

episodes, mean (SD) 12.24 (11.99) n.a. n.a. n.a.

BDI-II—Beck Depression Inventory II; BMI—body mass index; BP—blood pressure; SD—standard deviation.
Average and range of BP were calculated as the mean and the biggest difference among the three assessments in
the sitting condition, respectively. All statistics are unadjusted. *, p < 0.05; **, p < 0.01; ***, p < 0.001. Superscript
letters denote significant pairwise contrast at p < 0.05.

2.2. Assessments

Subjects took part in a larger project that involved a psychiatric assessment and car-
diovascular evaluation, including measurements of BP. Psychiatric diagnoses were derived
according to DSM criteria [16,19]. The information needed was obtained in direct interviews
with subjects by trained clinicians via the semi-structured Interview Schedule for Young
Adults: Follow-Up Diagnostic version (ISYA-D), which is an age-appropriate modification
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of the tools used with this sample when they were pre-adults [18]. Operational criteria
were used to date on- and offsets of psychiatric disorder episodes, which was necessary in
order to determine episode numbers for any given disorder [20]. Final diagnoses, including
confirmation of number of episodes, were based on consensus among senior diagnosticians.
Subjects also completed the self-rated Beck Depression Inventory II (BDI-II) [21], which is a
widely used, reliable, and valid index of the severity of current (past 2 weeks) depressive
symptoms. In the current article, we report only on outcomes of psychiatric assessment
and BP measurements.

2.3. Procedures

Subjects were asked to abstain from caffeine, alcohol, and tobacco for 1 h prior to BP
measurements. The lab assistants followed a written protocol in assessing BP. After a brief
rest period, three sitting brachial BP measurements were taken on each subject at 5 min
intervals. Subjects were asked to sit on a chair with their arms resting at the level of the
heart and both feet on the floor. All BP measurements were taken on the right arm by
a trained assistant with an Omron M6 digital BP machine (Omron Corp., Kyoto, Japan).
Short-term BPV was defined as the maximum difference between measures (range).

2.4. Statistical Analysis

Statistical analyses were conducted using SAS 9.4 software. One-way analyses of
variance (ANOVA) and χ2 tests were used to compare continuous and categorical variables
across groups. Data were screened for outliers, and ANOVA was used to examine group
differences in average BP and short-term BPV. Then, we used analysis of covariance
(ANCOVA) to examine group effects while sequentially controlling for variables known to
influence BP, namely sex, age, body mass index (BMI), and smoking (yes/no). To account
for dependent observations (probands and siblings were not independent), ANOVA and
ANCOVA were estimated using linear mixed-effects models with random intercepts for
each family. Least-squares mean estimates were used to perform pairwise comparisons of
groups. A power analysis of a one-way ANOVA using the current sample sizes showed
that, at 80% power, we could detect an overall significant F-test with the largest pairwise
mean difference as little as 0.29 SD (i.e., a medium effect size). This effect size represents a
difference of 1.7 mm Hg in systolic BPV and 1.6 mm Hg in diastolic BPV.

In the second set of analyses, confined to probands, BP range as the dependent variable
was regressed on three separate variables that mirror clinical features of depression history:
number of depressive episodes, age at onset of the first depressive episode, and percent
of lifetime spent in depression, controlling for sex, age, BMI, and smoking. Effect sizes of
predictors were estimated by partial R2 in the mixed-effects models and by partial η2 in the
regression models.

3. Results
3.1. Characteristics of the Groups

As shown in Table 1, the three groups did not differ in BP medication use. However,
probands and siblings had larger BMIs and were more likely to be smokers than the
controls. Not surprisingly, the BDI scores were higher in probands than in siblings and
controls. Additionally, probands and siblings had similarly higher diastolic BP (mean of
three readings) than the controls (Table 1).

Based on the psychiatric evaluations, 9.2% (n = 20) of the probands were in a depressive
episode at assessment and the rest were in remission; none of the siblings and controls were
currently depressed (χ2 = 35.33, p < 0.001). Furthermore, while no controls were taking any
psychotropic medication, 1.5% (n = 3) of the siblings and 4.1% (n = 9) of the probands were
on psychotropic medication at the time of BP assessment (χ2 = 8.59, p = 0.014).
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3.2. Blood Pressure Characteristics and Variability

As shown in Table 1, unadjusted group differences in systolic BP means or ranges
were not statistically significant (F [2, 586] < 0.5, p > 0.60). Adjusting for age, sex, BMI,
and family clusters did not change the means (F [2, 413] = 0.27, p = 0.77) or ranges
(F [2, 440] = 0.70, p = 0.50). While there was a significant group difference in mean diastolic
BP (F [2, 586] = 7.29, p < 0.001), this effect was no longer significant after covarying for
age. Overall, the three groups did not differ significantly in diastolic BP ranges either in an
unadjusted model (F [2, 586] = 0.14, p > 0.80) or after adjusting for age, sex, BMI, smoking,
and family clusters (F [2, 587] = 0.62, p = 0.54).

The second set of analyses confined to probands revealed that the number of de-
pressive episodes predicted the diastolic BP range, even after adjustment for covariates
(β = 1.76, t [210] = 2.87, p = 0.005, ηp2 = 0.039) (Figure 1). Namely, probands with the
highest number of depressive episodes had the largest diastolic BPV. For example, for
probands with one depressive episode, the diastolic BP range was 5.86 (SD = 4.8), while
for probands with three or more depressive episodes, the diastolic BP range almost dou-
bled at 9.53 (SD = 12.0). The importance of the number of depressive episodes received
partial support when we modeled systolic BPV: while the overall model was not significant
(F [5, 210] = 1.13, p = 0.34), there was a trend for the number of depressive episodes to be
related to larger systolic BP ranges (β = 0.98, t [210] = 1.82, p = 0.071).
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Figure 1. Number of lifetime depressive episodes and diastolic blood pressure range among probands
(adjusted for sex, age, body mass index, and smoking). C.I.—confidence interval; DBP—diastolic
blood pressure; M—mean.

Additional analyses showed that age at onset of the first depressive episode did not
predict the systolic BP range (β = −0.01, t [210] = −0.02, p = 0.99) or the diastolic BP range
(β = 0.11, t [210] = 0.44, p = 0.66). Similarly, percentage of lifetime spent in depression
had no significant effects on the systolic BP range (β = 0.04, t [210] = 1.21, p = 0.23) or the
diastolic BP range (β = −0.02, t [210] = −0.37, p = 0.71). Finally, psychiatric variables appear
to have had minimal effects on the BP parameters that were examined. Specifically, subjects
who were taking psychotropic medication and those who were not on medication did not
differ significantly in either systolic or diastolic BP ranges (F < 1.77, p > 0.19).
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4. Discussion

In the present study, we investigated whether the harmful impact of depression on
short-term BPV, which has been reported in mostly middle-aged and older cohorts [12], can
also be detected among young adults in their twenties. To extend the study of depression
and BPV, we also examined young adults at familial risk for depression and whether the
clinical features of depression played a role in BPV. The characteristics of our probands
are similar to those previously reported for depressed patients, including higher rates
of smoking, lower levels of physical activity, and higher BMI than controls [22,23]. Our
finding of declining BP with consecutive measurements (the “white-coat effect”) in all
groups is also in line with the literature [24,25].

A motivator for the present study was the review by Shahimi et al. [12], which con-
cluded that depression is associated with increased BPV (regardless of age). However, we
failed to support that conclusion. We found that young adults with diagnosed depression
histories, never-depressed individuals at high familial risk for depression (the siblings),
and controls did not differ in either systolic or diastolic BPV. Thus, pathological BPV as a
function of depression is not yet detectable when individuals are in their twenties, possibly
because that outcome requires a certain level (or amount) of lifetime depression burden
that can be reached only with more advanced age. However, because most of the probands
were in remission from their last episode of depression, an alternative explanation for
our finding is that current rather than past depression (depression history) is the decisive
factor in pathological short-term BPV. Post hoc analyses provide some support for the latter
explanation: differing in the expected direction, although not significantly so, probands
who were experiencing depression (n = 20) compared to those in remission (n = 197) had
both higher diastolic BPV (M = 9.0, SD = 15.3 and M = 6.8, SD = 5.5, respectively) and
higher systolic BPV (M = 12.2, SD = 11.5 and M = 8.3, SD = 5.1, respectively). However, the
n = 20 subset did not provide sufficient power to detect across-group differences in BPV.

The duration and recurrence of depressive episodes may also contribute to the car-
diovascular effects of depression [26,27]. Relatedly, we found that short-term BPV was
predicted by how many times a person had a diagnosable depression (number of depressive
episodes) but not by how much that person’s life had been taken up by depression (percent
of one’s lifetime spent in depression). Thus, BPV appears to be particularly vulnerable to
disruptions or discontinuities in functioning, which are mirrored by the starts and ends of
discrete episodes of depression, whereas the extent of exposure to depression had only a
scant discernable effect. However, as noted above, being a young adult constrained the
extent of potential exposure to depression. On the other hand, the relationship between
number of depressive episodes and BPV may also derive from the behavioral concomitants
of depression, including higher rates of smoking and lower levels of physical activity, both
of which are known to affect BP parameters [22,23].

Another feature of depression, age at first onset, had no discernible effect on BP pa-
rameters. This result may reflect that our probands had their depression onset in childhood,
which yielded a restricted age range. By studying a broader age group and following
samples to older ages, at which time the effect of depression on cardiovascular risk becomes
more evident, future research will be in a better position to address how the various clinical
features of depression contribute to atypical BPV. Early identification of and intervention
with depression-prone cohorts may forestall atypical BPV and thus perhaps reduce eventual
cardiovascular problems.

Finally, we note that the association of BPV and depressive episodes in our study was
evident only for diastolic BPV. Sible et al. [28] likewise found that depression symptoms
and diastolic (but not systolic) BPV were related and noted that diastolic BPV is believed
to reflect factors such as endothelial dysfunction and sympathetic autonomic nervous
system (ANS) over-reactivity. Indeed, depression is known to be associated with atypical
ANS functioning, as reflected by an overall reduction in parasympathetically mediated
cardiac vagal control [29]. Relatedly, there is evidence that short-term BPV increases are
primarily under sympathetic control [30]. Alternatively, given the evidence that probands
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have adverse levels of metabolic syndrome components (e.g., lower high-density lipopro-
tein, higher triglycerides) [31], metabolic syndrome could have mediated the relationship
between BPV and depressive episodes.

Our study has several strong features, including a large clinical sample, a sample of
high-risk siblings, and standardized psychiatric evaluations by trained clinicians. Addi-
tionally, we selected BP range as our measure of BPV because it is clinically meaningful
and understandable to healthcare professionals; this measure of variability has also been
used in other recent studies (e.g., Sible et al. [28]). Although researchers often prefer more
complex metrics of short-term BPV than the range, the alternative indices tend to be highly
inter-correlated, as reported by Schutte et al. [11]. In our own dataset, for example, the
SD of the mean (one index of variability) correlated with both systolic and diastolic BP
range at r = 0.99 (p < 0.01). Our monitoring method of three consecutive measurements at
5 min intervals can be performed quickly and effectively in an ambulatory office setting and
serve as an adjunct to home-based assessment. However, in spite of our study’s strengths,
the results should be considered in light of the limitation that BP was only sampled on a
single day. Assessments spread over several days may provide a more accurate picture of
BPV and eventual cardiovascular risks. Another limitation is that the lab assistants may
have differed in how precisely they followed the BP measurement protocol. This source
of potential variability may be remedied in future studies by monitoring lab assistants’
behavior. It is worth noting that our study, like all cross-sectional studies, can uncover
associations among the variables of interest, but cannot speak to causal relationships among
them. Furthermore, whereas our study included one of the largest samples of young adults
with childhood-onset depression, much larger samples are needed to detect very small
effect sizes.

In conclusion, the disruptive effect of depression on BP is not yet discernible in young
adults in their twenties. However, a greater lifetime burden (indexed by episode number)
predicts higher BPV. Thus, BP monitoring for young adults with depression histories may
help to identify those at elevated risk for eventual cardiovascular problems and allow the
implementation of preventive services.
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