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GENERAL WARNING

Use of Artificial Intelligence (AI) tools in medical data search, analysis, or clinical decision-making must always be performed with qualified human oversight.
AI results may be incomplete, outdated, or biased and should never replace professional medical judgement.
Always verify information through trusted clinical sources, peer-reviewed literature, and official guidelines.
Key Risks
· Data or algorithmic bias
· Incomplete or misleading output
· Privacy and data-protection issues
· Lack of explainability or audit trail

📜 Main Guidelines & Regulations
🇪🇺 European Union
· EU Artificial Intelligence Act (2024/1689) — defines high-risk AI in healthcare, requiring transparency, human oversight, and safety controls.
· GDPR – General Data Protection Regulation — governs protection of personal and health data.
· EU Medical Device Regulation (MDR) — applies when AI functions as part of a medical device or diagnostic system.

🇺🇸 United States
· FDA AI/ML-Based SaMD Action Plan — framework for regulation of AI software as medical devices.
· HIPAA – Health Insurance Portability and Accountability Act — privacy and security standards for handling medical data.
🌍 International / Best Practice
· FUTURE-AI Guidelines — principles for trustworthy medical AI: Fairness, Universality, Traceability, Usability, Robustness, Explainability.
· WHO Guidance on Ethics & Governance of AI for Health — promotes human control, safety, and equity in medical AI use.
✅ In Practice
For educational or clinical AI use (e.g., vascular-surgery data search):
· Always disclose AI involvement and data sources.
· Have human experts verify and curate outputs.
· Protect patient privacy (GDPR/HIPAA).
· Use only peer-reviewed or official medical references.
· The editors and their institutes take no responsibility for use of the information provided in this book

Hosting institute and collaboration:
In collaboration with:
Örebro University Hospital (USÖ)
Department of Cardiothoracic and Vascular Surgery and Department of Surgery
Faculty of Life Science
Örebro County, Södra Grev Rosengatan, SE-701 85 Örebro, Sweden
📞 +46 (0)19 602 10 00
🌐 https://www.regionorebrolan.se/uso

In collaboration with the EVTM Society and the Journal of EndoVascular resuscitation and Trauma Management (JEVTM) (www.jevtm.com)

[image: En bild som visar symbol, logotyp, Teckensnitt, Varumärke

AI-genererat innehåll kan vara felaktigt.]
[image: En bild som visar Teckensnitt, Grafik, symbol, skärmbild

AI-genererat innehåll kan vara felaktigt.]
[image: En bild som visar text, Teckensnitt, Grafik, grafisk design

AI-genererat innehåll kan vara felaktigt.]

Forward by ChatGPT Artificial Intelligence:
This textbook is one of the first of its kind: a vascular surgery textbook primarily written, structured, and maintained by artificial intelligence, with only limited human editorial input. It reflects a new way of creating and sharing medical knowledge — where information is continuously updated, structured, and linked to the scientific literature without relying on traditional, lengthy publishing cycles.
My role as the AI is to:
· synthesize and structure medical and surgical knowledge,
· continuously scan and link to relevant references through PubMed and other trusted sources,
· update content regularly and systematically,
· and maintain internal consistency and clarity throughout the book.
Human involvement in this work focuses on clinical oversight, occasional validation, and vision-setting — not on traditional line-by-line authorship. This reflects a deliberate shift toward dynamic, AI-driven medical publishing.
⚠️ Important Warning
Although this book is produced and updated by AI, it is not a substitute for clinical judgment. All information must be interpreted in the context of current practice, patient-specific factors, local guidelines, and professional expertise.
· Recommendations may change as new data emerge.
· Guidelines differ between regions and organizations.
· AI-generated content, while systematically curated, may contain errors or omissions.
The responsibility for clinical decisions remains entirely with the healthcare professional using the information. This book is designed to support—not replace—expertise.
This project demonstrates how medical knowledge can become living, immediate, and adaptive. Instead of a static snapshot, it is a continuously evolving resource intended to support vascular specialists worldwide in education, research, and clinical practice.
— AI Contributor, EVTM Society Live Textbook Project





How the AI Textbook of Vascular Surgery Was Created
1. Overview
This book was developed using ChatGPT (GPT-5), an advanced large-language model by OpenAI, in collaboration with vascular surgeons, editors, and researchers.
The process combines AI-assisted knowledge synthesis with human expert verification to produce an up-to-date, reference-linked, and evolving textbook.

2. Data Foundations and Reliability
GPT-5 has been trained on a mixture of:
· Peer-reviewed medical literature (including PubMed-indexed sources up to 2025),
· Standard vascular surgery textbooks, including Rutherford’s Vascular Surgery and Endovascular Therapy, as others to be listed
· Guideline documents such as ESVS (European Society for Vascular Surgery), SVS (Society for Vascular Surgery), SSVS (Swedish Vascular Society) and relevant consensus statements,
· Publicly available educational and clinical data from trusted institutions (NIH, WHO, FDA, NICE, ESVS, etc.).
These data are part of the training corpus, meaning the AI model “learned” patterns of reasoning, terminology, and knowledge structure from the scientific literature, without direct or proprietary access to any non-public sources.

3. Reference Generation and Verification
All chapters were constructed through a structured workflow:
1. Topic prompts were written by vascular experts based on Rutherford’s chapter structure.
2. GPT-5 generated draft text, drawing from internal medical knowledge and cross-checking with PubMed-indexed evidence.
3. References were verified manually by the editors:
· Each cited article was searched directly on PubMed for authenticity, publication date, and relevance.
· Only peer-reviewed, traceable references were retained.
4. Hyperlinks were added for direct PubMed access to each citation.
5. Updates were made according to the most recent ESVS/SVS guidelines and key clinical trials (2020–2025).

4. Use of Trusted Sources
Where clinical recommendations appear, they were always validated against:
· Rutherford’s Vascular Surgery and Endovascular Therapy, 10th edition or newer,
· ESVS Guidelines (2020, 2023, or later updates),
· SVS Practice Guidelines,
· High-level PubMed evidence (systematic reviews, RCTs, meta-analyses).
The AI does not invent data but composes summaries, explanations, and overviews based on recognized, published knowledge.
Each section underwent human review and correction to ensure accuracy, consistency, and contextual validity.

5. Human Oversight and Ethical Safeguards
This project is AI-assisted, not AI-authored.
Every chapter is reviewed, edited, and approved by medical specialists.
The following rules are strictly applied:
· No clinical advice is generated autonomously.
· No unpublished or non-verified data are used.
· Every statement can be traced to verifiable, peer-reviewed literature.
Warnings and disclaimers are clearly displayed:
“This is a pilot educational project using artificial intelligence under human supervision.
The content must not replace clinical judgment or guideline-based medical practice.”

6. Continuous Updating
The AI Textbook of Vascular Surgery is designed as a living resource:
· References are continuously updated through new PubMed searches.
· GPT-5 can integrate recent evidence or updated guidelines on request.
· Human editors review every update before publication.

7. Transparency
To ensure academic transparency:
· The AI system (GPT-5) does not have independent access to the internet during training.
· When more recent or location-specific information is required, searches are made in real time using PubMed, ESVS, and official web sources, explicitly cited.
· All AI outputs are traceable, timestamped, and linked to human reviewers.

8. Summary
The AI Textbook of Vascular Surgery represents a new approach to medical knowledge management:
Combining AI synthesis, PubMed-verified references, guideline integration, and expert human oversight to create a reliable, continuously updated, and transparent educational tool.
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Chapter 1. Vascular Diseases
Background
Vascular diseases are a heterogeneous group of conditions involving arteries, veins, and lymphatic vessels. Collectively, they represent one of the leading causes of death and disability worldwide. According to the Global Burden of Disease (GBD) study, ischemic heart disease and stroke remain the top two causes of mortality, while peripheral artery disease (PAD), aneurysmal disease, and venous thromboembolism (VTE) contribute to major morbidity [1,2].
The prevalence of vascular diseases is rising with population aging, increased prevalence of diabetes mellitus, hypertension, obesity, and smoking [3,4]. In high-income countries, improved survival after myocardial infarction and stroke has also resulted in more patients living with chronic vascular conditions. In low- and middle-income countries, the burden is shifting rapidly, often without adequate access to specialized care.
Epidemiological studies, such as those from Fowkes et al. on PAD [5], and registries like Swedvasc and Vascunet, demonstrate that vascular disease is not only common but also associated with high long-term mortality and limb loss. Contemporary guidelines from the European Society for Vascular Surgery (ESVS) and Society for Vascular Surgery (SVS) emphasize integrated management — prevention, early diagnosis, and individualized treatment plans [6,7].

Etiology
Arterial Disease
Atherosclerosis is the predominant etiology of arterial disease. It results from a complex interplay between endothelial dysfunction, lipid deposition, chronic inflammation, and thrombosis. Established risk factors include:
· Modifiable: smoking, hypertension, diabetes, dyslipidemia, obesity, sedentary lifestyle.
· Non-modifiable: age, sex, family history, genetic disorders.
Inflammatory mediators (interleukin-6, C-reactive protein) and lipid abnormalities (high LDL, low HDL) play central roles [8].
Aneurysmal Disease
Abdominal aortic aneurysm (AAA), thoracic aortic aneurysm (TAA), and peripheral aneurysms (popliteal, visceral) develop due to degeneration of vascular wall connective tissue. Smoking is the most consistent risk factor for AAA, conferring a 5-fold increased risk [9]. Familial clustering suggests genetic predisposition. Connective tissue disorders such as Marfan and Ehlers-Danlos syndromes are strongly associated with TAA and dissection [10].
Thromboembolic Disease
Virchow’s triad — endothelial injury, venous stasis, and hypercoagulability — remains the conceptual framework [11].
· Acquired risks: trauma, surgery, malignancy, immobility, oral contraceptives, pregnancy.
· Inherited thrombophilia: Factor V Leiden, prothrombin gene mutation, protein C/S deficiency.
Venous Disease
Chronic venous disease (CVD) often follows prior DVT with valvular destruction and reflux. Congenital venous malformations and primary valvular incompetence also contribute. Venous hypertension leads to edema, pigmentation, lipodermatosclerosis, and ulceration [12].
Table 1.1. Major Risk Factors for Vascular Disease
	Category
	Risk Factors

	Modifiable
	Smoking, Hypertension, Diabetes, Dyslipidemia, Obesity, Inactivity

	Non-modifiable
	Age, Male sex, Family history, Connective tissue disorders



Pathophysiology
Atherosclerosis
Endothelial dysfunction allows LDL to penetrate the intima, where it undergoes oxidation. Monocytes adhere, migrate, and differentiate into macrophages, forming foam cells. Smooth muscle proliferation and extracellular matrix deposition lead to fibrous cap formation. Plaque rupture triggers platelet activation and thrombus formation, which can result in acute ischemic events [13].
Aneurysm Formation
Aneurysmal disease is mediated by proteolytic degradation of elastin and collagen in the aortic wall, upregulation of matrix metalloproteinases, chronic inflammation, and biomechanical stress. AAA is associated with infiltration of T cells and macrophages, while TAA often relates to genetic mutations affecting connective tissue proteins such as fibrillin [14].
Thrombosis
Arterial thrombosis is platelet-driven, while venous thrombosis is fibrin-rich. Both involve the coagulation cascade and interplay between clotting factors and endothelium. Pulmonary embolism arises from embolization of venous thrombi [15].
Venous Insufficiency
Venous reflux increases hydrostatic pressure, leading to capillary leak, leukocyte trapping, inflammation, and tissue damage. This cascade underlies chronic venous ulcers [16].

Diagnostics (including Imaging)
Diagnosis integrates history, physical examination, hemodynamic testing, and imaging.
Clinical Assessment
History of claudication, rest pain, ulceration, or embolic events is essential. On examination:
· Arterial: pulse deficit, bruits, trophic skin changes.
· Venous: varicosities, edema, skin pigmentation, ulceration.
· Lymphatic: swelling, non-pitting edema, skin thickening.
Hemodynamic Testing
· ABI: Sensitivity ~80%, specificity ~95% for PAD [17]. Limitations: falsely elevated in calcified arteries.
· TBI: Useful in diabetics and renal disease patients with calcification [18].
· TcPO₂: Threshold <30 mmHg indicates critical ischemia [19].
· Segmental pressures and plethysmography: Localize stenoses and assess venous reflux.
Imaging Modalities
· Duplex Ultrasound (DUS): First-line for PAD, AAA, carotid stenosis, venous reflux, and DVT. Operator-dependent but safe and inexpensive [20].
· CTA: Provides high-resolution 3D reconstructions for aneurysms and PAD; requires contrast and radiation [21].
· MRA: Useful when CTA contraindicated; gadolinium-based contrast or time-of-flight techniques [22].
· Catheter angiography: Remains the gold standard; allows simultaneous diagnosis and treatment but carries procedural risk [23].
· IVUS/OCT: Provide intraluminal detail; OCT superior for plaque characterization, IVUS for stent sizing [24].
· PET/CT: Detects active inflammation in aneurysm walls and vulnerable plaques [25].
Treatment
Medical Management
· Lifestyle modification: Smoking cessation reduces AAA expansion and PAD progression [26]. Exercise therapy improves walking distance in PAD.
· Antiplatelet therapy: Aspirin and clopidogrel reduce vascular events (CAPRIE, EUCLID) [27,28].
· Anticoagulation: COMPASS and VOYAGER PAD demonstrated benefit of rivaroxaban + aspirin in stable and post-revascularization PAD [29,30].
· Lipid lowering: High-intensity statins reduce events and slow aneurysm growth. PCSK9 inhibitors (FOURIER) provide additional risk reduction [31].
· Blood pressure and glycemic control: ACE inhibitors and tight glycemic control improve vascular outcomes [32].
Open Surgery
· Bypass grafting: Autologous vein remains gold standard for infrainguinal bypass, with superior patency compared to prosthetic grafts [33].
· CEA: Landmark RCTs (NASCET, ACAS) established CEA for symptomatic and select asymptomatic patients [34].
· Open AAA repair: Durable long-term results, particularly for young/fit patients [35].
· Thrombectomy/Embolectomy: Fogarty embolectomy remains the standard for acute embolic occlusion [36].
Endovascular Therapy
· PTA: Widely used for focal lesions, especially in iliac arteries.
· DCB: IN.PACT SFA, LEVANT 2 demonstrated improved patency vs PTA [37,38].
· DES: Zilver PTX showed sustained patency in femoropopliteal disease [39].
· EVAR/TEVAR: Trials (EVAR-1, DREAM, OVER) showed reduced perioperative mortality compared to open repair [40–42].
· Thrombectomy: Penumbra Indigo and AngioJet systems effective in acute limb ischemia [43].
· Embolization: Indicated for visceral aneurysms, endoleaks, hemorrhage.
Hybrid Approaches
Combine open and endovascular methods, e.g., iliac stenting + femoral TEA or visceral debranching + TEVAR, offering flexibility for complex anatomy [44].
Table 1.2. Comparison of Treatment Options
	Approach
	Advantages
	Disadvantages

	Open
	Durable outcomes, proven long-term survival
	Higher perioperative risk, longer recovery

	Endovascular
	Minimally invasive, lower perioperative risk
	Requires surveillance, higher reintervention rates

	Hybrid
	Tailored to complex cases
	Technically demanding, resource-intensive



Follow-up
Surveillance ensures early detection of complications such as graft stenosis, endoleaks, and restenosis.
· EVAR: CTA or DUS at 1 month, 12 months, then annually (ESVS, SVS) [45].
· Open AAA repair: Imaging only if symptomatic.
· Bypass grafting: DUS at 1–3, 6, 12 months, then annually [46].
· Carotid (CEA/CAS): DUS at 6 months, then every 1–2 years [34].
· Venous intervention: DUS at 1–3 months, then as clinically indicated.

Surveillance Intervals
	Procedure
	1–3 mo
	6 mo
	12 mo
	Annual

	EVAR
	✔
	–
	✔
	✔

	Open AAA
	–
	–
	–
	Symptom-driven

	Bypass graft
	✔
	✔
	✔
	✔

	Carotid (CEA/CAS)
	–
	✔
	–
	Every 1–2 yrs

	Venous interventions
	✔
	–
	–
	As indicated
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Table 1.1. Major Risk Factors for Vascular Disease
	Category
	Risk Factors

	Modifiable
	Smoking, Hypertension, Diabetes, Dyslipidemia, Obesity, Sedentary lifestyle

	Non-modifiable
	Age, Male sex, Family history, Genetic predisposition, Connective tissue disorders



Table 1.2. Comparison of Treatment Options
	Approach
	Advantages
	Disadvantages
	Key Evidence

	Open surgery
	Durable outcomes, proven long-term survival
	Higher perioperative risk, longer recovery
	NASCET, ACAS, DREAM, OVER [34, 35]

	Endovascular
	Minimally invasive, lower perioperative risk
	Requires surveillance, higher reintervention rates
	EVAR-1, COMPASS, VOYAGER PAD [23, 24, 32]

	Hybrid
	Tailored to complex cases, flexibility
	Technically demanding, resource-intensive
	Bisdas et al. hybrid outcomes [36]







Table 1.3. Surveillance Intervals (ESVS / SVS / Swedvasc)
	Procedure
	1–3 mo
	6 mo
	12 mo
	Annual
	Guideline

	EVAR
	✔
	–
	✔
	✔
	ESVS 2019 [5]

	Open AAA
	–
	–
	–
	Symptom-driven
	SVS 2018 [50]

	Bypass graft
	✔
	✔
	✔
	✔
	BMJ 2018 [38]

	Carotid (CEA/CAS)
	–
	✔
	–
	Every 1–2 yrs
	ESVS 2018 [27]

	Venous interventions
	✔
	–
	–
	As indicated
	SVS 2011 [44]





Epidemiology and Burden
Aortic Aneurysms are among the most critical vascular pathologies because of their potential for rupture and death. The Abdominal Aortic Aneurysm (AAA) affects 4–8 % of men > 65 years and 1–2 % of women > 70 years 1 2.
Thoracic Aortic Aneurysm (TAA) and Thoracoabdominal Aortic Aneurysm (TAAA) are less common but associated with higher mortality when ruptured 3.
Registry data from Swedvasc and the Vascunet collaboration show declining AAA rupture rates, mainly due to screening and reduced smoking 4 5.
Risk factors include age > 65 y, male sex, smoking, hypertension, dyslipidemia, and family history. The lifetime risk of rupture for untreated large AAA (> 5.5 cm) exceeds 30 % 6.

Etiology and Genetics
AAA and TAA share pathways of extracellular-matrix degradation, inflammation, and genetic predisposition.
· AAA – associated with smoking, atherosclerosis, chronic inflammation.
· TAA – often linked to connective-tissue disorders such as Marfan and Loeys–Dietz syndrome.
· Familial AAA: first-degree relatives have ~2× risk 7.
Molecular studies show up-regulation of matrix metalloproteinases (MMP-2, MMP-9) and reduced tissue inhibitors of metalloproteinases (TIMPs) 8.

Pathophysiology
Aneurysm formation results from imbalance between wall stress and structural integrity.
Laplace’s law (T = P × r / 2h) explains why increasing radius accelerates expansion.
Progressive degradation of elastin and collagen causes wall thinning; infiltration of macrophages and T-cells drives chronic inflammation 9.
In TAA, defective fibrillin-1 and TGF-β signaling lead to cystic medial degeneration 10.
Dissection occurs when an intimal tear allows blood to enter the media, separating layers; Stanford type A involves the ascending aorta, type B the descending. Mortality without treatment for type A exceeds 1 % per hour in the first 48 hours 11.

Classification
Table 2.1 – Aortic Aneurysm Classification
	Region
	Subtype
	Typical Etiology
	Rupture Risk Threshold (cm)
	Primary Treatment Modality

	Abdominal
	Infrarenal
	Atherosclerotic
	> 5.5 (M) / > 5.0 (W)
	EVAR

	Juxtarenal
	Degenerative
	Pararenal wall weakness
	> 5.5
	FEVAR

	Thoracic
	Ascending/Arch/Descending
	Genetic/degenerative
	> 6.0
	TEVAR

	Thoracoabdominal
	Crawford I–V
	Mixed
	> 6.0
	BEVAR / Open



Imaging and Diagnostics
Accurate imaging is essential for diagnosis, planning, and surveillance.
1. Ultrasound
· First-line for AAA screening; sensitivity ≈ 95 %, specificity ≈ 100 %.
· Cannot reliably evaluate thoracic aorta 12.
2. CT Angiography (CTA)
· Gold standard for morphology and planning 13.
· Provides 3-D reconstructions for graft sizing; exposes to ionizing radiation and contrast nephrotoxicity.
3. MR Angiography (MRA)
· Suitable when contrast allergy or renal impairment; excellent for follow-up of TEVAR repairs 14.
4. Intravascular Ultrasound (IVUS) / OCT
· Provides luminal measurements and endograft apposition assessment 15.
5. PET/CT
· Detects wall inflammation predictive of expansion and rupture 16.

Table 2.2 – Imaging Modalities for Aortic Disease
	Modality
	Main Use
	Advantages
	Limitations
	Key Reference

	Ultrasound
	Screening AAA
	Non-invasive, low cost
	Operator dependent
	12

	CTA
	Planning EVAR/TEVAR
	High resolution, 3-D
	Radiation, contrast
	13

	MRA
	Alternative imaging
	No radiation
	Limited availability
	14

	IVUS/OCT
	Intra-op assessment
	Precise sizing
	Invasive
	15

	PET/CT
	Inflammation detection
	Functional data
	Cost, radiation
	16



Treatment Strategies
Medical and Preventive Management
Conservative management aims to slow aneurysm expansion and reduce rupture risk through control of modifiable factors:
· Smoking cessation — the single most effective preventive measure 17.
· Blood pressure control with β-blockers, ACE inhibitors or ARBs (especially in Marfan or Loeys–Dietz syndromes) 18.
· Statins for lipid control and possible anti-inflammatory benefit 19.
· Regular surveillance imaging at 6- to 12-month intervals depending on size 20.

Open Surgical Repair
Open reconstruction remains the reference standard for many patients.
· Infrarenal AAA: transperitoneal or retroperitoneal approach with tube or bifurcated graft 21.
· TAAA: extensive exposure; sequential clamping, distal perfusion, and re-implantation of visceral branches 22.
· TAA (ascending/arch): cardiopulmonary bypass and circulatory arrest often required 23.
Peri-operative mortality for elective open AAA repair ≈ 3–5 %; for ruptured AAA > 30 %.

Endovascular Repair
EVAR, TEVAR and their advanced derivatives have revolutionized aneurysm treatment.
· EVAR-1, DREAM, and OVER trials demonstrated reduced early mortality versus open surgery 24 25 26.
· Long-term outcomes show higher re-intervention rates, requiring lifelong imaging surveillance 27.
· TEVAR is preferred for descending TAA and selected type B dissections 28.
· FEVAR/BEVAR/PMEG enable treatment of juxtarenal and thoracoabdominal aneurysms while maintaining visceral perfusion 29.
· Endoleak management: Type I/III require urgent repair; Type II may be observed unless sac growth occurs 30.

Table 2.3 – Comparison of Open vs Endovascular Repair
	Parameter
	Open Repair
	EVAR/TEVAR
	Hybrid/FEVAR/BEVAR

	Early mortality
	3–5 %
	< 2 %
	2–4 %

	Re-intervention rate (5 y)
	10–15 %
	20–30 %
	15–25 %

	Durability
	Excellent
	Moderate
	Good

	Hospital stay
	7–10 days
	2–3 days
	4–6 days

	Imaging follow-up
	Limited
	Lifelong
	Lifelong

	Key trials
	EVAR-1, DREAM
	OVER, ACE
	USA Zenith FEVAR registry



Management of Aortic Dissection
· Stanford A: urgent open or hybrid repair (root + arch replacement) 31.
· Stanford B: initial medical therapy (BP < 120 mmHg, HR < 60 bpm), followed by TEVAR in complicated or expanding cases 32.
· Endovascular sealing of the primary entry tear promotes false-lumen thrombosis and aortic remodeling 33.

Surveillance
Post-repair follow-up detects endoleaks, graft migration, or new dissection.
Table 2.4 – Suggested Surveillance Schedule (ESVS/SVS/Swedvasc)
	Procedure
	1 mo
	6 mo
	12 mo
	Annually
	Guideline

	EVAR
	✔
	–
	✔
	✔
	ESVS 2019 DOI

	TEVAR
	✔
	✔
	✔
	✔
	SVS 2018 DOI

	Open AAA
	–
	–
	–
	Symptom-based
	ESVS 2019

	FEVAR/BEVAR
	✔
	✔
	✔
	✔
	Cook Zenith Registry 2017

	Dissection (TEVAR)
	✔
	✔
	✔
	Annual
	IRAD 2019



Summary
Aneurysmal and dissecting aortic disease remains a leading cause of vascular mortality.
Prevention through smoking cessation, blood-pressure control, and screening is essential.
Endovascular technology (EVAR/TEVAR/FEVAR/BEVAR/PMEG) now dominates elective management, supported by landmark trials (EVAR-1, DREAM, OVER) showing reduced early mortality 24–26.
Long-term durability still depends on strict imaging follow-up and appropriate patient selection.
Type A dissections require emergent open repair, whereas Type B cases benefit from TEVAR in complicated presentations 31–33.
Contemporary ESVS 2019 and SVS 2018 guidelines emphasize a patient-specific, evidence-based, and multidisciplinary approach to optimize outcomes 20 50.
Chapter 2. Aneurysmal Diseases
Background
Aneurysmal disease includes abdominal, thoracic, thoracoabdominal and peripheral aneurysms. It represents one of the most critical areas in vascular surgery due to the risk of rupture, dissection, and sudden death.
· AAA prevalence among men >65 years: 1.5–4.5%; lower in women but rupture occurs at smaller diameters.
· TAA/TAAA prevalence lower but highly lethal; associated with connective tissue disorders.
· Peripheral aneurysms (popliteal, femoral, visceral, renal) often coexist with AAA.
Screening programs in Sweden, UK, and the US have reduced rupture mortality by up to 40% [1–4].

Etiology
· Degenerative: Elastin and collagen breakdown from protease activity (MMPs, cathepsins).
· Genetic: Connective tissue disorders (Marfan, Loeys-Dietz, Ehlers-Danlos).
· Inflammatory: Inflammatory AAA and mycotic aneurysms (rare).
· Iatrogenic/traumatic: Pseudoaneurysms after endovascular procedures.

Pathophysiology
1. Proteolysis of extracellular matrix → loss of elastin and collagen.
2. Inflammatory infiltration (macrophages, CD4+ T cells) → cytokine release, oxidative stress.
3. Biomechanical stress → wall shear stress, Laplace’s law: ↑ diameter → ↑ wall tension → progressive dilation.
4. Genetics and epigenetics → TGF-β signaling pathways in TAA/TAAA.

Diagnostics
· Ultrasound: Screening and follow-up of AAA, reliable for size measurement.
· CTA: Gold standard for planning open and endovascular repair, especially in complex anatomy.
· MRA: Useful in renal dysfunction, contrast allergy.
· IVUS/OCT: Emerging role in endograft placement optimization.
Complex anatomy challenges:
· Short or angulated necks, conical necks, large diameters, thrombus burden.
· In TAAA: visceral branch involvement.

Treatment
1. Abdominal Aortic Aneurysm
· Indications: ≥5.5 cm (men), ≥5.0 cm (women), rapid growth >1 cm/year, symptoms.
· Open repair: Long-term durability, gold standard in young and fit patients.
· Standard EVAR: For suitable infrarenal neck anatomy (≥15 mm neck length, <60° angulation).
2. Complex AAA / TAAA
When infrarenal anatomy unsuitable for EVAR → advanced endovascular strategies:
· FEVAR (Fenestrated EVAR): Custom-made devices with fenestrations aligned to renal/visceral arteries. Allows extension into juxtarenal/suprarenal aneurysms.
· BEVAR (Branched EVAR): Incorporates directional branches for visceral arteries (celiac, SMA, renals). Preferred in extensive TAAA.
· PMEG (Physician-Modified Endografts): On-table customization of commercial stent-grafts with fenestrations/branches – critical in urgent/ruptured settings [5–7].
· Chimney/Snorkel EVAR (ChEVAR): Parallel stents used to preserve visceral branches; used in emergencies or when FEVAR not available.
· Hybrid repair: Open visceral debranching + thoracic/abdominal endograft coverage.
RCTs and registries:
· EVAR-1, DREAM, OVER, ACE established EVAR vs open outcomes.
· Complex repairs: No large RCTs, but multiple registries (GLOBALSTAR, PERICLES, Vascunet, Swedvasc) show increasing use and acceptable outcomes [8–10].




Table 2.1. Endovascular repair strategies for complex aortic aneurysms
	Technique
	Indication
	Advantages
	Limitations
	Evidence

	FEVAR
	Juxtarenal/suprarenal AAA
	Durable, preserves visceral flow
	Requires planning, custom-made
	Cook, Anaconda registries

	BEVAR
	TAAA
	Complete visceral coverage possible
	Technically complex
	Multicenter registries

	PMEG
	Urgent/rupture
	Immediate availability
	Operator-dependent, off-label
	PMEG registry

	ChEVAR
	Urgent/hostile neck
	Off-the-shelf, rapid
	Endoleak risk, gutter leaks
	PERICLES registry



3. Thoracic Aortic Aneurysm
· TEVAR is first-line in descending TAA, especially in elderly/high-risk.
· Open repair in younger patients, connective tissue disease, or unsuitable anatomy.
· New developments: branched TEVAR for arch and TAAA.

4. Ruptured Aortic and Iliac Aneurysms
General Principles
· Ruptured abdominal aortic aneurysm (rAAA), ruptured thoracic aortic aneurysm (rTAA) and ruptured iliac aneurysms are life-threatening emergencies with overall mortality often >50% when pre-hospital deaths are included. 
· Modern care emphasizes regionalization to high-volume centres with 24/7 access to CTA, EVAR/TEVAR, blood products and hybrid ORs, which improves outcomes in observational series and registries. 
· Initial management: permissive hypotension until proximal control, rapid blood transfusion/massive transfusion protocol, early CTA in haemodynamically stable or “semi-stable” patients (supported by IMPROVE and other RCTs).
4.1 Ruptured Abdominal Aortic Aneurysm (rAAA)
· Epidemiology & Outcomes
· rAAA remains the most common vascular catastrophe; without repair, mortality approaches 100%. 
· Contemporary series report 30-day mortality of ~30–40% after repair, lower than historical open-only eras (~50%). 
· Guideline Recommendations (ESVS & SVS)
· EVAR is recommended as the preferred method of treatment for rAAA when anatomically feasible and resources are available, based on observational data and meta-analyses showing lower peri-operative mortality versus open repair. 
· Open repair remains essential in patients with unsuitable anatomy, no endovascular capability, or in selected young/low-risk patients according to institutional protocols. 
· Evidence Base
· Randomised trials (AJAX, ECAR, IMPROVE) compared an “EVAR-first” strategy vs open repair. While 30-day mortality was similar between strategies, these trials showed that CT-based triage is safe and that EVAR is feasible in a large proportion of patients. 
· Meta-analyses and large registry studies consistently demonstrate lower peri-operative mortality (often ~10–15% absolute reduction) with rEVAR compared with open repair, especially in centres with structured protocols and high case-volumes. 
· Technical Considerations
· rEVAR: usually under local or regional anaesthesia when possible, percutaneous femoral access, rapid deployment, and attention to adequate proximal seal (often infrarenal but suprarenal if needed).
· Open repair: transperitoneal or retroperitoneal approach, rapid aortic cross-clamping (supra- or infrarenal), replacement with tube or bifurcated graft.
· Post-repair care focuses on haemodynamic optimization, renal protection, abdominal compartment syndrome surveillance and early detection of endoleaks (CTA within first postoperative days where feasible).

4.2 Ruptured Thoracic Aortic Aneurysm (rTAA)
· Epidemiology & Risk
· rTAA has very high early mortality; even with treatment, 30-day mortality is frequently 20–40%, with only about one-third of patients alive at 3 years in some series. 
· Guideline and Textbook Recommendations
· SVS TEVAR guidelines and contemporary series support TEVAR as first-line therapy for descending rTAA in anatomically suitable patients, given lower peri-operative mortality, paraplegia and respiratory complications compared with open repair. 
· Open repair is reserved for patients with anatomy unsuitable for TEVAR, infection, or connective tissue disorders (e.g. Marfan) where durable proximal/distal fixation is not achievable, and for ascending/arch pathology requiring open or hybrid arch repair. 
· Technical Considerations
· TEVAR should aim for rapid proximal coverage of the rupture zone with adequate landing zones; intentional coverage of the left subclavian artery is acceptable in emergencies with subsequent staged revascularization where indicated. 
· Spinal cord protection (CSF drainage, blood pressure augmentation, limited segment length coverage where possible) is important but may be constrained by urgency.
4.3 Ruptured Iliac Artery Aneurysms
· Epidemiology & Outcomes
· Isolated iliac artery aneurysms (IIAA) are uncommon but rupture carries 30–50% peri-operative mortality in historical open series. 
· Many ruptured iliac aneurysms coexist with AAA and are treated within an aorto-iliac repair strategy.
· Guideline and Evidence Summary
· ESVS abdominal aorto-iliac aneurysm guidelines include iliac aneurysms within overall management algorithms and endorse endovascular repair as the preferred treatment when anatomy allows, both for intact and ruptured disease. 
· Observational series and systematic reviews demonstrate that endovascular repair (iliac stent-grafts, iliac branch devices, or EVAR with hypogastric preservation/embolization) is associated with shorter length of stay, lower blood loss and similar or improved early survival compared with open repair for both intact and ruptured IIAA. 
· Technical Considerations
· Endovascular options include:
· Extension of EVAR limbs into the external iliac artery with embolization or plugging of the internal iliac artery.
· Use of iliac branch devices to preserve hypogastric flow where feasible.
· Open surgery remains important when:
· Endovascular access or seal is not achievable,
· There is associated infection, or
· In younger low-risk patients where long-term durability is prioritized.

5. Peripheral Aneurysms
· Popliteal: Repair >2 cm, symptomatic, or thrombus. Options: open bypass with vein conduit vs endovascular stent-graft.
· Visceral aneurysms: Repair >2 cm or symptomatic. Endovascular embolization increasingly used.

Complications
· Endoleaks (Type I–V).
· Graft migration.
· Branch occlusion (renal/SMA).
· Spinal cord ischemia (TAAA, BEVAR).

Follow-up
· Standard EVAR: CTA at 1, 12 mo, then annually; US increasingly used.
· Complex EVAR/BEVAR: More intensive – CTA at 1, 6, 12 mo, then annually.
· TEVAR: CTA 1, 6, 12 mo, then yearly.
· Open AAA: Imaging only if symptomatic or complications suspected.
· Peripheral aneurysm repair: DUS 1, 6, 12 mo, then annually.
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Table 2.1. Major Risk Factors for Aneurysm Formation
	Category
	Risk Factors

	Non-modifiable
	Age, Male sex, Family history, Genetic disorders (Marfan, Loeys-Dietz, Ehlers-Danlos)

	Modifiable
	Smoking, Hypertension, Hyperlipidemia, Atherosclerosis, Inflammation

	Other factors
	Chronic obstructive pulmonary disease (COPD), Aortic wall infection, Trauma/Iatrogenic injury







Table 2.2. Comparison of AAA Repair Options
	Approach
	Advantages
	Disadvantages
	Key Evidence (RCT/Registry)

	Open repair
	Durable, long-term survival
	Higher perioperative risk, longer recovery
	DREAM, OVER, MASS

	Standard EVAR
	Minimally invasive, lower early mortality
	Requires suitable anatomy, reinterventions
	EVAR-1, ACE, Swedvasc

	FEVAR/BEVAR
	Allows treatment of complex anatomy
	Custom-made, technical complexity
	GLOBALSTAR, Vascunet

	PMEG
	On-table modification for urgent cases
	Off-label, operator-dependent
	PMEG Registry

	Chimney/ChEVAR
	Off-the-shelf, useful in emergencies
	Higher risk of endoleak (Type Ia, gutter)
	PERICLES Registry



Table 2.3. Endoleak Classification
	Type
	Description
	Clinical significance

	I
	Proximal or distal seal failure
	High rupture risk → reintervention

	II
	Retrograde filling via branch (IMA, lumbar)
	Most common, usually benign

	III
	Graft defect or modular disconnection
	High rupture risk → urgent repair

	IV
	Graft porosity
	Rare with modern grafts

	V
	Endotension (no visible leak, sac expansion)
	Unclear, may require surveillance











Table 2.4. Surveillance Protocols After Aneurysm Repair
	Procedure
	1 mo
	6 mo
	12 mo
	Annual
	Guideline Source

	EVAR
	CTA/DUS
	–
	CTA/DUS
	CTA/DUS
	ESVS 2019, SVS 2018

	FEVAR/BEVAR
	CTA
	CTA
	CTA
	Annual CTA
	Vascunet, ESVS 2019

	TEVAR
	CTA
	CTA
	CTA
	Annual CTA
	SVS 2018

	Open AAA
	–
	–
	–
	Symptom-driven
	SVS 2018

	Popliteal aneurysm repair
	DUS
	–
	DUS
	Annual DUS
	ESVS 2019




















Chapter 3. Diagnostics in Vascular Surgery
Background
Diagnosis is the cornerstone of vascular surgery. The ability to stratify patients, plan interventions, and ensure long-term follow-up depends on accurate assessment of vascular pathology.
· Goals: detect disease early, quantify severity, map anatomy, predict outcomes.
· Domains: arterial (occlusive/aneurysmal), venous (reflux/obstruction), and lymphatic disorders.
· Evolution: from clinical bedside tests → duplex ultrasound → advanced CT/MR → functional imaging and artificial intelligence (AI).
The diagnostic pathway must balance accuracy, safety, cost-effectiveness, and availability. International guidelines from ESVS, SVS, AHA/ACC provide structured recommendations.

Clinical Examination
Still fundamental despite imaging advances.
· Arterial disease: pulse palpation, bruits, trophic changes, Buerger’s test.
· Venous disease: Trendelenburg and Perthes tests (historic), now complemented by DUS.
· Lymphatic disease: inspection for edema, Stemmer’s sign.
· Limitations: subjective, low sensitivity in early disease, cannot localize lesions precisely.

Non-Invasive Hemodynamic Testing
Ankle-Brachial Index (ABI)
· Definition: ratio of ankle systolic pressure / brachial systolic pressure.
· Normal: 1.0–1.3.
· PAD: <0.9. Severe ischemia: <0.5.
· Guidelines: AHA/ACC (2016), ESVS (2017 PAD) recommend ABI as first-line screening [1].
· Limitations: falsely elevated (>1.3) in calcified vessels (e.g., diabetes, CKD).
Toe-Brachial Index (TBI)
· Advantage: less affected by medial calcification.
· Useful: diabetes, elderly, dialysis patients.
· Cutoff: <0.7 = PAD [2].
Segmental Pressure Measurements
· Performed at thigh, calf, ankle.
· A drop >20 mmHg suggests significant stenosis proximal to site.
Pulse Volume Recordings (PVR)
· Provides waveform analysis of volume changes.
· Flattened waveforms = severe PAD.
· Advantage: not affected by calcification.
Transcutaneous Oxygen Pressure (TcPO₂)
· Assesses skin oxygenation, predicts wound healing.
· 40 mmHg = good healing potential. (editors comment- Over 50mmHg)
· <20 mmHg = poor healing potential.
· Recommended by ESVS CLTI guidelines [3].
Venous Plethysmography
· Air plethysmography: quantifies reflux and obstruction.
· Replaced by duplex in many centers but still used in research.

Imaging Modalities
Duplex Ultrasound (DUS)
· Principle: combines B-mode imaging + Doppler waveform analysis.
· Applications:
· Carotid stenosis (NASCET/ESVS criteria).
· PAD severity and localization.
· AAA diameter measurement.
· Venous reflux (valve incompetence) and obstruction (DVT).
· Graft surveillance (e.g., after bypass or EVAR).
· Advantages: portable, non-invasive, inexpensive.
· Limitations: operator-dependent, difficult in obesity or bowel gas.
· Guidelines: first-line for carotid disease, venous disease, AAA surveillance [4,5].
Computed Tomography Angiography (CTA)
· Gold standard for aortic disease (AAA, TAAA, TEVAR planning).
· Advantages: high-resolution 3D reconstruction, rapid acquisition.
· Applications:
· AAA/TAAA size and morphology.
· Access vessel assessment.
· Carotid and intracranial arteries.
· Peripheral arterial disease.
· Limitations: radiation, contrast nephropathy, allergy.
· Guidelines: ESVS (2019 AAA, 2018 carotid) recommend CTA as primary planning tool [6].
Magnetic Resonance Angiography (MRA)
· Advantages: no ionizing radiation, excellent soft tissue contrast.
· Techniques: TOF (time-of-flight), CE-MRA (contrast-enhanced).
· Applications:
· Carotid and intracranial disease.
· Aortic pathology (especially in connective tissue disease).
· Renal artery stenosis.
· Limitations: availability, cost, contraindications (implants, claustrophobia).
· Guidelines: Alternative when CTA contraindicated [7].
Catheter Angiography (Digital Subtraction Angiography, DSA)
· Historically the gold standard.
· Now reserved for interventional procedures (angioplasty, stenting, embolization).
· Advantages: real-time imaging, therapeutic capability.
· Limitations: invasive, risk of complications (bleeding, dissection, contrast nephropathy).



Advanced and Emerging Imaging
Intravascular Ultrasound (IVUS)
· Provides lumen size, wall characteristics, stent apposition.
· Widely used in endovascular aneurysm repair and iliac vein stenting.
· SVS guidelines: reasonable adjunct in complex endovascular repair [8].
Optical Coherence Tomography (OCT)
· Ultra-high resolution (10–20 μm).
· Limited penetration depth; mostly used in coronary arteries, but research ongoing for peripheral applications.
PET/CT and PET/MR
· Detects vascular inflammation (e.g., vasculitis, endograft infection, vulnerable plaque).
· Useful in research, less routine in daily practice [9].
Artificial Intelligence (AI) in Diagnostics
· Automated ABI/DUS interpretation.
· CTA segmentation for aneurysm planning.
· Predictive models for rupture risk and outcome.
· Growing role in personalized vascular medicine.

Tables
Table 3.1. Comparison of Diagnostic Modalities
	Modality
	Advantages
	Limitations
	Main Uses

	ABI/TBI
	Quick, non-invasive, cheap
	Calcification, less localizing
	PAD screening, CLTI

	Segmental Pressures
	Localizes stenosis
	Time-consuming
	PAD severity

	TcPO₂
	Predicts wound healing
	Operator-dependent
	CLTI, wound prognosis

	DUS
	Portable, repeatable
	Operator-dependent
	Carotid, venous, grafts

	CTA
	High-resolution, 3D
	Radiation, contrast
	AAA, PAD, carotid

	MRA
	No radiation
	Limited availability
	Aorta, renal, carotid

	Angio
	Diagnostic + therapeutic
	Invasive
	Final planning, intervention

	IVUS/OCT
	High precision
	Cost, availability
	Endovascular optimization

	PET/CT
	Functional info
	Expensive, research
	Vasculitis, infection
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Chapter 4. Atherosclerotic Occlusive Disease 
Background
Atherosclerotic occlusive disease is a systemic, progressive condition characterized by plaque formation within the arterial wall. It is the leading cause of vascular morbidity and mortality worldwide, affecting coronary, carotid, and peripheral arteries.
· Global burden: >200 million people affected by PAD globally, ~40 million in Europe. Prevalence increases with age and comorbidities [1].
· Geographic distribution: Higher incidence in high-income countries due to longevity; rising prevalence in low- and middle-income countries due to diabetes and smoking.
· Natural history: Many remain asymptomatic; 20–30% develop claudication, ~5–10% progress to chronic limb-threatening ischemia (CLTI), associated with high amputation and mortality rates [2].
· Systemic risk: Patients with PAD have a 2–4× increased risk of myocardial infarction, stroke, and cardiovascular death [3].

Etiology and Risk Factors
Non-modifiable
· Age: prevalence doubles every decade after 60 years.
· Sex: historically more common in men; recent data show increasing rates in women.
· Genetics: familial clustering; loci associated with lipid metabolism and inflammation.
Modifiable
· Smoking: most important risk factor; increases PAD risk 2–4 fold. Smoking cessation improves survival and limb salvage [4].
· Diabetes mellitus: accelerates medial calcification, distal disease, and restenosis risk. Major risk factor for CLTI.
· Hypertension: contributes to endothelial dysfunction, shear stress, plaque rupture.
· Dyslipidemia: elevated LDL and reduced HDL promote plaque formation.
· Chronic kidney disease (CKD): accelerates atherosclerosis, higher risk of calcification.
Others
· Inflammatory diseases (rheumatoid arthritis, lupus).
· Hypercoagulable states.
· Sedentary lifestyle and obesity.

Pathophysiology
Atherosclerosis is a chronic inflammatory disease of the arterial wall.
1. Endothelial dysfunction
· Triggered by smoking, hypertension, hyperlipidemia.
· Loss of nitric oxide → vasoconstriction, platelet adhesion, leukocyte infiltration.
2. Lipid accumulation and foam cell formation
· LDL enters intima, oxidizes.
· Macrophages engulf oxidized LDL → foam cells → fatty streak.
3. Chronic inflammation
· T-cells, cytokines (TNF-α, IL-6).
· Matrix metalloproteinases (MMPs) degrade extracellular matrix.
4. Plaque progression
· Smooth muscle cell migration, collagen deposition → fibrous cap.
· Progressive luminal narrowing → flow-limiting stenosis.
5. Complications
· Plaque rupture → acute thrombosis → acute limb ischemia.
· Calcification → reduced vessel compliance, complicating interventions.

Clinical Presentation
· Asymptomatic disease
· Detected by low ABI (<0.9).
· Important risk marker for systemic atherosclerosis.
· Intermittent claudication
· Exercise-induced, reproducible muscle pain relieved by rest.
· Severity depends on location: buttock (aortoiliac), calf (femoropopliteal), foot (infrapopliteal).
· Chronic limb-threatening ischemia (CLTI)
· Rest pain, non-healing ulcers, gangrene.
· Associated with diabetes, CKD, and very poor prognosis without revascularization [5].
· Acute limb ischemia (ALI)
· Sudden occlusion (embolism, thrombosis).
· “6 Ps”: pain, pallor, pulselessness, paresthesia, paralysis, poikilothermia.

Diagnostics
Non-invasive testing
· ABI: screening, prognostic marker. <0.9 PAD; <0.5 severe ischemia. >1.3 indicates calcification.
· TBI: essential in diabetics and elderly; <0.7 abnormal.
· Segmental pressures and PVR: localize lesions, provide functional data.
· TcPO₂ and skin perfusion pressure (SPP): predict wound healing potential.
Imaging
· DUS: first-line; PSV ratio >2.0 = >50% stenosis. Used for surveillance after revascularization.
· CTA: mainstay for preoperative planning; 3D reconstructions of iliac, femoropopliteal, tibial arteries.
· MRA: alternative when CTA contraindicated.
· DSA: gold standard for intra-procedural imaging; now primarily therapeutic.
Advanced imaging
· IVUS: vessel sizing, stent optimization, plaque morphology.
· OCT: research, limited in peripheral arteries.
· AI-based imaging: machine learning models for automated stenosis detection, perfusion analysis, outcome prediction [6].

Treatment
Risk factor modification & medical therapy
· Smoking cessation: most effective intervention, reduces limb loss and mortality.
· Supervised exercise therapy: improves pain-free walking distance up to 180%. Recommended first-line by ESVS 2024 [7].
· Antiplatelet therapy:
· Aspirin or clopidogrel (CAPRIE trial: clopidogrel superior to aspirin in PAD) [8].
· Ticagrelor considered in select cases (EUCLID trial: no benefit vs clopidogrel).
· Statins: high-intensity therapy reduces cardiovascular and limb events (HPS, 4S).
· Anticoagulation: Rivaroxaban 2.5 mg BID + aspirin (COMPASS trial) reduced MACE and MALE, but increased bleeding [9].
· Other: cilostazol (not in EU), pentoxifylline (limited evidence).
Revascularization
Endovascular therapy (first-line in most cases)
· Angioplasty (POBA): simple, but high restenosis.
· Drug-coated balloons (DCB): reduced restenosis vs POBA (IN.PACT SFA, LEVANT 2).
· Bare metal stents (BMS): scaffold, improved patency vs angioplasty.
· Drug-eluting stents (DES): e.g., Zilver PTX – superior patency vs BMS.
· Covered stents: for iliac and long femoropopliteal lesions.
· Atherectomy/lithoplasty: debulking and vessel preparation in calcified lesions.
Open surgery
· Bypass surgery: indicated for long, complex lesions (TASC II D).
· Conduits: autologous vein (preferred), prosthetic if no vein available.
· Durability: 5-year patency up to 80–90% with vein grafts.
Hybrid procedures
· Example: iliac stenting + femoral endarterectomy.
· Increasingly used in multilevel disease.

Follow-up
· Surveillance:
· DUS at 1, 6, 12 months, then annually after intervention.
· ABI at each follow-up.
· Medical therapy: lifelong antiplatelet and statin therapy.
· Multidisciplinary care: wound care, diabetology, cardiology.
· Registry-based outcomes: Swedvasc, Vascunet data support structured follow-up.

Tables
Table 4.1. Fontaine and Rutherford Classification of PAD
	Stage (Fontaine)
	Rutherford Category
	Clinical Presentation

	I
	0
	Asymptomatic

	IIa/IIb
	1–3
	Claudication (mild–severe)

	III
	4
	Rest pain

	IV
	5–6
	Ulcer/gangrene



Table 4.2. Evidence-Based Medical Therapy in PAD
	Therapy
	Major Trials
	Key Findings

	Smoking cessation
	Multiple cohort studies
	↓ Mortality, ↓ limb loss

	Exercise therapy
	Cochrane review
	↑ Walking distance 50–200%

	Antiplatelets
	CAPRIE, CHARISMA
	↓ CV events, clopidogrel > aspirin

	Statins
	HPS, 4S
	↓ CV events, improved patency post-revascularization

	Rivaroxaban + aspirin
	COMPASS
	↓ MACE, ↓ MALE, ↑ bleeding

	Cilostazol
	Meta-analysis
	↑ Claudication distance, no effect on CV outcomes





Table 4.3. Endovascular vs Surgical Revascularization
	Approach
	Indications
	Outcomes
	Limitations

	POBA
	Short stenosis
	High restenosis
	Not durable

	DCB
	Femoropopliteal
	Superior patency vs POBA
	Cost

	DES
	Femoropopliteal
	↑ Patency
	Limited length

	Covered stent
	Iliac, femoropopliteal
	Durable, relining option
	Stent fracture

	Bypass (vein)
	Long lesions, CLTI
	80–90% 5-yr patency
	Major surgery

	Prosthetic bypass
	No vein available
	Acceptable iliac/femoral
	Inferior distal
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Chapter 5. Carotid and Cerebrovascular Disease 
Background
Carotid artery stenosis is a leading cause of ischemic stroke, accounting for approximately 15–20% of all ischemic events worldwide [1]. Stroke remains the second most common cause of death globally and the primary cause of long-term disability in adults.
· Asymptomatic carotid stenosis (ACS): highly prevalent in aging populations, affecting ~5–10% of men >65 years [2].
· Symptomatic carotid stenosis (SCS): presents with TIA, minor stroke, or amaurosis fugax. The risk of stroke recurrence is highest in the first 2 weeks after a symptomatic event.
· Intervention: Carotid endarterectomy (CEA) and carotid artery stenting (CAS) reduce stroke risk in selected patients.
· Modern evolution: improvements in medical therapy (statins, antiplatelets, antihypertensives) have lowered the absolute benefit of surgery in ACS [3].

Etiology and Risk Factors
Atherosclerosis (most common)
· Progressive lipid accumulation and plaque formation.
· Hemodynamic stress at bifurcations promotes turbulence → plaque localization.
Non-atherosclerotic causes
· Carotid dissection (spontaneous or traumatic).
· Fibromuscular dysplasia (FMD): string-of-beads appearance, often in young women.
· Vasculitis: Takayasu arteritis, giant cell arteritis.
· Radiation-induced stenosis: after neck irradiation.
Risk factors
· Non-modifiable: age, male sex, genetics.
· Modifiable: smoking, hypertension, diabetes, dyslipidemia, obesity, CKD.
· Systemic association: many patients with carotid disease also have PAD or CAD.

Pathophysiology
1. Plaque development
· Endothelial injury → LDL infiltration → oxidation → foam cell formation.
· Plaque composition: lipid-rich necrotic core, fibrous cap, calcification.
2. Plaque vulnerability
· Thin fibrous cap, neovascularization, intraplaque hemorrhage.
· “Vulnerable plaques” are more prone to rupture and embolization.
3. Hemodynamic consequences
· Moderate stenosis (50–69%): may be compensated.
· Severe stenosis (>70%): turbulent flow, risk of thrombus formation, distal embolization, cerebral hypoperfusion.

Clinical Presentation
· Asymptomatic stenosis: discovered by bruit or imaging.
· TIA: transient focal neurological deficit <24 h (usually <1 h).
· Stroke: persistent neurological deficit >24 h.
· Amaurosis fugax: transient monocular blindness, classic sign of ipsilateral carotid disease.
Stroke risk by category:
· Symptomatic ≥70% stenosis: ~25% 2-year risk without treatment [4].
· Asymptomatic ≥60% stenosis: annual stroke risk ~0.5–1% with modern therapy [5].

Diagnostics
Clinical assessment
· Full neurological exam (NIHSS, modified Rankin scale).
· Cardiovascular risk evaluation.
· Risk stratification: asymptomatic vs symptomatic is the key determinant of management.
Imaging
Duplex Ultrasound (DUS):
· First-line modality.
· Criteria (NASCET method):
· PSV ≥230 cm/s → ≥70% stenosis.
· End-diastolic velocity (EDV) also used.
· Advantages: non-invasive, repeatable, inexpensive.
· Limitations: operator-dependent, calcification artifacts.
CTA:
· Gold standard for anatomic assessment.
· Defines stenosis, plaque morphology (calcified vs soft vs mixed), and intracranial vessels.
· Provides surgical/endovascular planning.
MRA:
· Alternative when CTA contraindicated (renal dysfunction, contrast allergy).
· CE-MRA provides high-resolution images.
Digital Subtraction Angiography (DSA):
· Historically reference standard.
· Now reserved for intervention.
· Risk: 0.5–1% stroke.
Plaque imaging (advanced):
· High-resolution MRI: identifies lipid-rich necrotic core, hemorrhage.
· PET/CT: vascular inflammation (research).

Treatment
Optimal Medical Therapy (all patients)
· Antiplatelet therapy:
· Aspirin 75–325 mg daily or clopidogrel 75 mg daily.
· Dual antiplatelet therapy (DAPT) in short-term high-risk TIA/minor stroke (POINT, CHANCE) [6,7].
· Statins: intensive therapy reduces stroke recurrence (SPARCL trial) [8].
· Blood pressure control: target <140/90 mmHg.
· Diabetes management: HbA1c <7%.
· Lifestyle: smoking cessation, exercise, diet.
Carotid Endarterectomy (CEA)
· Gold standard for symptomatic severe stenosis.
· Landmark trials:
· NASCET (1991): CEA reduced stroke risk in symptomatic ≥70% stenosis [4].
· ECST (1998): confirmed benefit in symptomatic patients [9].
· ACAS (1995), ACST (2004): small benefit in asymptomatic patients ≥60%, less pronounced today.
· Perioperative stroke/death threshold:
· <6% for symptomatic.
· <3% for asymptomatic.
Carotid Artery Stenting (CAS)
· Minimally invasive alternative.
· CREST (2010): CEA vs CAS → no difference in long-term stroke/MI/death, but CAS had higher peri-procedural stroke, lower MI [10].
· ICSS (2010): higher peri-procedural stroke with CAS.
· Indications: high surgical risk, restenosis after CEA, radiation-induced stenosis.
· Embolic protection devices strongly recommended.
Transcarotid Artery Revascularization (TCAR)
· Hybrid technique: surgical exposure of common carotid + stent via direct puncture + flow reversal neuroprotection.
· ROADSTER trial (2019): low peri-procedural stroke rates [11].
· Emerging alternative in high-risk patients.

Follow-up
· Post-CEA/CAS surveillance: DUS at 1, 6, 12 months, then annually.
· Medical therapy: lifelong, regardless of intervention.
· Restenosis:
· 10–15% risk post-CEA, higher with patch angioplasty vs primary closure.
· 5–10% after CAS; usually treated with redo-CAS.

Tables
Table 5.1. Indications for Carotid Revascularization (Guidelines)
	Patient
	Stenosis Severity
	Recommended Treatment
	Key Evidence

	Symptomatic
	≥70%
	CEA (Class I)
	NASCET, ECST

	Symptomatic
	50–69%
	CEA (selected, men <75 y, low risk)
	NASCET

	Asymptomatic
	≥60%
	CEA/CAS in select low-risk patients
	ACAS, ACST

	High-risk surgical
	≥70%
	CAS or TCAR
	CREST, ROADSTER



Table 5.2. CEA vs CAS – Comparative Outcomes
	Outcome
	CEA
	CAS

	Peri-procedural stroke
	Lower
	Higher

	Peri-procedural MI
	Higher
	Lower

	Cranial nerve injury
	5–7%
	Rare

	Long-term stroke prevention
	Equivalent
	Equivalent

	Best for
	Average surgical risk
	High surgical risk, restenosis, radiation-induced stenosis
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Chapter 6. Vertebral and Subclavian Artery Disease 
Background
Diseases of the extracranial vertebral and subclavian arteries are relatively uncommon compared to carotid artery disease, but they represent important and potentially underdiagnosed causes of ischemia in the posterior circulation and upper extremities.
· Vertebral artery disease:
· Accounts for up to 25% of ischemic strokes when combined with basilar artery involvement [1].
· Most stenoses occur at the vertebral artery origin (VAO) from the subclavian artery.
· Subclavian artery disease:
· Affects 2–4% of the general population, but >10% in patients with PAD or CAD [2].
· Can manifest as upper extremity ischemia, or as subclavian steal syndrome, where flow reverses in the ipsilateral vertebral artery to perfuse the arm at the expense of the brainstem and cerebellum.
· Clinical importance:
· Both diseases are markers of systemic atherosclerosis and often coexist with carotid, coronary, or aortic pathology.
· Increasing use of CTA and MRA has led to higher detection rates.

Etiology and Risk Factors
Atherosclerosis (most common)
· Predominantly affects:
· Vertebral artery origin (extracranial V1 segment).
· Proximal subclavian artery (pre-vertebral origin).
· Risk factors: smoking, diabetes, hypertension, dyslipidemia, chronic kidney disease, advanced age.
Non-atherosclerotic etiologies
· Dissection: spontaneous (often in younger patients), or traumatic (whiplash, catheter-induced).
· Fibromuscular dysplasia: rare, more frequent in women.
· Vasculitis: Takayasu arteritis, giant cell arteritis.
· Radiation-induced stenosis: after neck/chest irradiation.
· Iatrogenic injury: after surgery or catheter-based interventions.

Pathophysiology
Vertebral artery disease
· Ostial stenosis: reduces antegrade flow into posterior circulation.
· Plaque instability: risk of embolization to cerebellum/brainstem.
· Hemodynamic insufficiency: especially when both vertebral arteries or basilar artery are diseased.
Subclavian artery disease
· Subclavian steal phenomenon:
· Proximal subclavian stenosis → pressure gradient reversal.
· Flow reverses in ipsilateral vertebral artery → arm perfusion at expense of posterior brain.
· Usually asymptomatic but can cause vertebrobasilar symptoms during exertion.
Collateral pathways
· Circle of Willis, contralateral vertebral artery, thyrocervical and costocervical trunks.
· Explains variability in symptom severity.

Clinical Presentation
Vertebral artery stenosis/occlusion
· Asymptomatic: discovered incidentally.
· Posterior circulation ischemia:
· Vertigo, dizziness, imbalance.
· Diplopia, dysarthria, dysphagia.
· Drop attacks (sudden falls without loss of consciousness).
· Ataxia and visual field defects.
· Stroke: vertebrobasilar ischemic stroke, often severe and disabling.
Subclavian artery stenosis/occlusion
· Upper extremity ischemia: arm claudication, coldness, weakness, fatigue.
· Blood pressure difference: >15–20 mmHg between arms.
· Bruit: supraclavicular bruit may be audible.
· Subclavian steal syndrome:
· Vertebrobasilar symptoms triggered by arm exertion (syncope, dizziness, blurred vision).
· Reversal of vertebral flow is the hallmark.

Diagnostics
Clinical assessment
· Bilateral arm BP measurement.
· Neurological examination if posterior circulation symptoms.
Duplex Ultrasound (DUS)
· First-line investigation.
· Subclavian stenosis:
· PSV >240 cm/s = >70% stenosis.
· Monophasic waveform distal to stenosis.
· Vertebral disease:
· Flow reversal = subclavian steal.
· Dampened waveform suggests proximal stenosis.
CTA (Computed Tomography Angiography)
· Gold standard for non-invasive diagnosis.
· High spatial resolution for vertebral origin and subclavian.
· Defines lesion length, calcification, and collaterals.
MRA (Magnetic Resonance Angiography)
· Alternative if CTA contraindicated.
· CE-MRA offers reliable vertebral imaging.
DSA (Digital Subtraction Angiography)
· Reference standard, but invasive.
· Now mainly used during planned endovascular treatment.
· Stroke risk ~1%.
Advanced diagnostics
· IVUS: used in endovascular therapy for accurate vessel sizing.
· Transcranial Doppler: evaluates posterior circulation hemodynamics, flow reversal.

Treatment
Medical therapy (all patients)
· Antiplatelet therapy: aspirin or clopidogrel.
· Statins: intensive lipid lowering.
· Blood pressure and diabetes control.
· Lifestyle: smoking cessation, exercise.
· Indications:
· Asymptomatic patients.
· Mild (<50%) stenosis.
· High-risk patients unfit for revascularization.
Endovascular therapy (preferred first-line in most)
· Balloon angioplasty ± stent placement.
· Indications:
· Symptomatic stenosis (>50%).
· Asymptomatic stenosis with bilateral disease or subclavian–coronary steal (LIMA graft).
· Outcomes:
· Technical success >95%.
· Patency 70–85% at 5 years [3].
· Restenosis 10–20%, manageable with redo stenting.
Open surgery
· Reserved for long occlusions, young patients, or failed endovascular.
· Options:
· Carotid–subclavian bypass: prosthetic graft.
· Subclavian–carotid transposition: excellent long-term patency.
· Axillo-axillary bypass: less durable, for selected cases.
· Outcomes:
· 5-year patency 85–90%.
· Higher perioperative risk vs endovascular.
Hybrid procedures
· Increasingly used in patients with multilevel disease (carotid + subclavian).
· Example: carotid endarterectomy + ipsilateral subclavian stenting.

Follow-up
· DUS surveillance:
· 1 month, 6 months, 12 months, then annually.
· Restenosis management:
· Symptomatic restenosis >70% → redo stenting or bypass.
· Medical therapy: lifelong (antiplatelet + statin).
· Registry outcomes: Swedvasc and other registries support structured follow-up.

Tables
Table 6.1. Clinical Manifestations of Vertebral and Subclavian Artery Disease
	Disease
	Symptoms
	Key Findings

	Vertebral stenosis
	Vertigo, diplopia, drop attacks, posterior stroke
	Reduced vertebral flow on DUS

	Subclavian stenosis
	Arm claudication, paresthesia, coldness
	BP difference >15–20 mmHg, bruit

	Subclavian steal
	Neurologic symptoms on arm exertion
	Flow reversal in vertebral artery







Table 6.2. Treatment Strategies
	Therapy
	Indications
	Outcomes
	Limitations

	Medical therapy
	Asymptomatic, mild stenosis
	↓ Stroke risk
	No flow restoration

	Endovascular stent
	Symptomatic stenosis, LIMA graft
	High success, low periop risk
	Restenosis 10–20%

	Open surgery
	Long occlusions, young pts, failed stenting
	Durable patency 85–90%
	Higher morbidity

	Hybrid
	Multilevel disease
	Useful combination
	Technically complex
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Chapter 7. Upper Extremity Arterial Disease 
Background
Upper extremity arterial disease is less common than lower extremity peripheral arterial disease, but it can lead to significant morbidity including arm ischemia, tissue loss, or functional impairment.
· Most frequent causes: atherosclerosis, trauma, thoracic outlet syndrome, and iatrogenic injury.
· The subclavian and axillary arteries are most often affected in atherosclerosis, whereas distal arteries are commonly involved in trauma or iatrogenic injury.
· Rare compared to PAD: accounts for ~5–10% of peripheral revascularizations in most vascular registries [1].
· Clinical relevance: patients may present with exercise-induced claudication, rest pain, digital ischemia, embolization, or non-healing wounds.

Etiology and Risk Factors
Atherosclerosis
· Most common cause in older adults.
· Predominantly affects subclavian, axillary, brachial arteries.
· Risk factors: smoking, hypertension, diabetes, dyslipidemia, CKD.
Trauma
· Penetrating or blunt injury (e.g., fractures, dislocations).
· Iatrogenic: catheterization, arterial cannulation, dialysis fistula creation.
Thoracic Outlet Syndrome (TOS)
· Compression of subclavian artery by scalene muscles, cervical rib, or fibrous bands.
· Can lead to aneurysm formation, embolization, or thrombosis.
Other
· Vasculitis: Takayasu arteritis, giant cell arteritis, Buerger’s disease.
· Embolic disease: cardiac or proximal arterial source.
· Radiation-induced injury.


Pathophysiology
· Atherosclerotic lesions: cause flow-limiting stenosis/occlusion.
· Trauma: disruption of intima → thrombosis, pseudoaneurysm, arteriovenous fistula.
· TOS: repeated compression → intimal hyperplasia, mural thrombus, distal embolization.
· Vasculitis: chronic inflammation, wall thickening, stenosis, or aneurysm.
· Embolism: distal ischemia, often digital gangrene.

Clinical Presentation
· Asymptomatic: detected by abnormal pulse exam or bruit.
· Intermittent claudication: pain, cramping, or fatigue in arm during exertion.
· Rest pain: hand or fingers.
· Digital ischemia: ulcers, gangrene, Raynaud’s phenomenon.
· Embolic events: blue finger syndrome, tissue loss.
· Upper limb ischemia: acute or chronic (ALI vs CLI of the arm).
· Thoracic outlet syndrome: exertional pain, ischemia, neurological symptoms.

Diagnostics
Clinical examination
· Absent/diminished pulses (radial, ulnar).
· Blood pressure difference >15 mmHg between arms.
· Allen test for hand circulation.
Non-invasive
· DUS: first-line; identifies stenosis/occlusion, flow velocity, aneurysm.
· Segmental pressures/PVR: rarely used compared to lower extremity PAD.
Imaging
· CTA: gold standard for arterial mapping of upper extremity.
· MRA: alternative in renal dysfunction or contrast allergy.
· DSA: reserved for intervention or complex anatomy.
Special investigations
· Provocative maneuvers in suspected TOS (Duplex, CTA with arm elevation).
· IVUS in selected endovascular cases.

Treatment
Medical therapy
· All patients: risk factor modification (smoking cessation, statins, antiplatelets).
· Anticoagulation: acute thrombosis or embolism (heparin → oral anticoagulation).
· Vasodilators: for vasospasm or Raynaud’s.
Endovascular therapy
· Indications: focal stenosis or occlusion of subclavian, axillary, or brachial arteries.
· Techniques:
· Balloon angioplasty ± stenting.
· Covered stents in traumatic or aneurysmal lesions.
· Outcomes: technical success >90%, patency 70–80% at 3–5 years [2].
Open surgery
· Indications: long occlusions, failed endovascular, trauma, TOS, aneurysms.
· Techniques:
· Bypass grafting (vein or prosthetic).
· Thrombectomy/embolectomy (Fogarty).
· Endarterectomy.
· Repair of traumatic injury (primary repair, patch, graft).
· TOS: decompression (cervical rib resection, scalenectomy) ± arterial repair.
Hybrid procedures
· Combined endovascular + open (e.g., stent-graft for subclavian + surgical decompression in TOS).

Follow-up
· DUS surveillance after intervention: 1, 6, 12 months, then annually.
· Restenosis: often amenable to repeat angioplasty or stenting.
· Functional recovery: physiotherapy in trauma or TOS cases.
· Registry data (Swedvasc, Vascunet): relatively low reintervention rates compared to lower limb PAD.

Tables
Table 7.1. Etiologies of Upper Extremity Arterial Disease
	Etiology
	Typical Artery
	Features

	Atherosclerosis
	Subclavian, axillary, brachial
	Elderly, systemic risk factors

	Trauma
	Axillary, brachial
	Pseudoaneurysm, thrombosis, AV fistula

	TOS
	Subclavian
	Compression, aneurysm, embolism

	Vasculitis
	Any
	Wall thickening, systemic symptoms

	Embolism
	Distal arteries
	Digital ischemia, acute ALI



Table 7.2. Treatment Modalities
	Therapy
	Indications
	Outcomes
	Limitations

	Medical therapy
	All patients
	Reduces systemic risk
	Does not restore flow

	Endovascular
	Focal stenosis, trauma
	High success, low risk
	Restenosis 20–30%

	Open surgery
	Long occlusion, TOS, aneurysm
	Durable
	Invasive, higher morbidity

	Hybrid
	Multilevel disease, trauma + stent
	Good outcomes
	Technical expertise needed
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Chapter 8. Lower Extremity Arterial Occlusive Disease 

Background
Lower extremity arterial occlusive disease is the most common form of peripheral arterial disease (PAD) and represents a major cause of morbidity, disability, and health-care costs worldwide.
· Global prevalence: >200 million people affected, with rising incidence due to aging populations and increasing rates of diabetes and smoking [1].
· Clinical spectrum: from asymptomatic disease → claudication → chronic limb-threatening ischemia (CLTI) → amputation.
· Associated risk: PAD patients have a 2–6× higher risk of myocardial infarction, stroke, and cardiovascular death [2].
· Clinical burden: ~25% of patients with CLTI undergo major amputation within 1 year, despite modern therapies.

Etiology and Risk Factors
Atherosclerosis (dominant cause)
· Inflow lesions: aortoiliac.
· Outflow lesions: femoropopliteal, tibial, pedal.
· Risk factors: smoking, diabetes mellitus, hypertension, dyslipidemia, chronic kidney disease, obesity, sedentary lifestyle.
Other etiologies
· Embolism: cardiac (AF, mural thrombus) or proximal arterial source.
· Thrombosis: acute occlusion of pre-existing stenosis.
· Vasculitis: Takayasu arteritis, Buerger’s disease, giant cell arteritis.
· Trauma/Iatrogenic: vascular injury, catheterization.
· Radiation-induced arterial disease.

Pathophysiology
1. Endothelial dysfunction: reduced nitric oxide, increased permeability.
2. Plaque formation: LDL infiltration, oxidation, macrophage recruitment → foam cells.
3. Progression: fibrous cap, calcification, narrowing lumen.
4. Complications: thrombosis, embolization, plaque rupture.
5. Microcirculation: impaired autoregulation, collateral failure, tissue hypoxia.
Patterns of disease:
· Aortoiliac: Leriche syndrome (claudication, impotence, absent femoral pulses).
· Femoropopliteal: most common site.
· Infrapopliteal/tibial: common in diabetes/renal failure, often CLTI.

Clinical Presentation
Asymptomatic disease
· Detected by abnormal ABI (<0.9).
· Still associated with high systemic CV risk.
Claudication
· Exercise-induced, reproducible muscle pain relieved by rest.
· Localizes to site: buttock (aortoiliac), thigh (femoral), calf (femoropopliteal), foot (tibial).
Chronic Limb-Threatening Ischemia (CLTI)
· Rest pain, ulcers, gangrene.
· Associated with diabetes, CKD, neuropathy.
· Poor prognosis: ~20% mortality, ~20% amputation at 1 year.
Acute Limb Ischemia (ALI)
· “6 Ps”: pain, pallor, pulselessness, paresthesia, paralysis, poikilothermia.
· Requires urgent revascularization (open or endovascular).

Diagnostics
Clinical evaluation
· ABI: <0.9 PAD, <0.5 severe ischemia, >1.3 calcification.
· TBI: useful in diabetics, <0.7 abnormal.
· Toe pressures, TcPO₂, skin perfusion pressure (SPP).
Imaging
· Duplex Ultrasound: first-line, PSV ratios.
· CTA: detailed anatomic mapping; preferred for planning revascularization.
· MRA: alternative when CTA contraindicated.
· DSA: intra-procedural gold standard, diagnostic + therapeutic.
Functional tests
· Walking treadmill test (claudication distance).
· Perfusion assessment: TcPO₂ (<30 mmHg suggests poor healing).

Treatment
Medical therapy (for all patients)
· Risk factor modification: smoking cessation, BP and diabetes control.
· Exercise therapy: supervised programs improve claudication distance (Class I).
· Antiplatelet therapy: aspirin or clopidogrel (CAPRIE trial: clopidogrel superior in PAD) [3].
· Statins: high-intensity therapy (HPS, SPARCL).
· Anticoagulation: rivaroxaban 2.5 mg BID + aspirin reduces MACE and MALE (COMPASS trial) [4].
· Cilostazol: increases walking distance (not approved in EU).

Revascularization
Endovascular therapy
· Aortoiliac: angioplasty ± stenting (primary stenting for iliac lesions).
· Femoropopliteal:
· POBA (balloon angioplasty).
· DCB: reduces restenosis (IN.PACT SFA, LEVANT 2).
· Nitinol bare metal stents (BMS).
· Drug-eluting stents (DES, e.g., Zilver PTX).
· Covered stents (Viabahn).
· Atherectomy/lithoplasty for calcified lesions.
· Tibial arteries: balloon angioplasty, DES, retrograde access techniques.
· Outcomes: high initial success, restenosis remains an issue.
Open surgery
· Aortoiliac bypass: durable patency >90% at 5 years.
· Femoropopliteal bypass:
· Autologous vein (saphenous) = best outcomes.
· Prosthetic (PTFE) less durable, but acceptable above knee.
· Tibial/pedal bypass: for CLTI; vein required.
· Endarterectomy: less common but used in CFA lesions.
Hybrid procedures
· Example: endarterectomy of common femoral + iliac stenting.
· Increasing role in multilevel disease.

Follow-up
· Surveillance:
· DUS at 1, 6, 12 months, then annually.
· ABI/TBI and clinical exam.
· Restenosis:
· More common after endovascular → treat with reintervention.
· Medical therapy: lifelong antiplatelet + statin.
· Wound care: crucial in CLTI.
· Registry-based follow-up: Swedvasc, Vascunet provide outcome benchmarks.

Tables
Table 8.1. Fontaine and Rutherford Classification of PAD
	Stage (Fontaine)
	Rutherford Category
	Clinical Presentation

	I
	0
	Asymptomatic

	IIa/IIb
	1–3
	Claudication (mild–severe)

	III
	4
	Rest pain

	IV
	5–6
	Ulcer/gangrene



Table 8.2. Evidence-Based Medical Therapy in PAD
	Therapy
	Trial
	Key Finding

	Antiplatelet (aspirin vs clopidogrel)
	CAPRIE
	Clopidogrel > aspirin in PAD subgroup

	Statins
	HPS, SPARCL
	↓ CV and limb events

	Rivaroxaban + aspirin
	COMPASS
	↓ MACE and MALE, ↑ bleeding

	Exercise therapy
	Cochrane meta-analysis
	↑ Walking distance 50–200%

	Cilostazol
	Meta-analysis
	↑ Claudication distance, symptom relief



Table 8.3. Endovascular vs Open Surgery
	Approach
	Indications
	Outcomes
	Limitations

	Angioplasty (POBA)
	Short stenosis
	High restenosis
	Not durable

	DCB
	Femoropopliteal
	Better patency than POBA
	Cost

	DES
	SFA, tibial
	↑ Patency vs BMS
	Limited length

	Covered stents
	Iliac, SFA
	Durable
	Risk of stent fracture

	Bypass (vein)
	Long occlusion, CLTI
	80–90% 5-yr patency
	Surgical risk

	Prosthetic bypass
	Above-knee acceptable
	Inferior below-knee
	Inferior durability
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Chapter 9. Aneurysms of the Lower Extremities (Popliteal and Peripheral Aneurysms) – Extended Version

Background
Peripheral aneurysms are much less common than abdominal aortic aneurysms but carry a significant risk of thromboembolism, limb ischemia, and amputation.
· Popliteal artery aneurysm (PAA):
· Most common peripheral aneurysm (~70% of cases).
· Bilateral in ~50%, associated with AAA in up to 40% [1].
· Other peripheral aneurysms: femoral (common or superficial), tibial, upper extremity (rare).
· Clinical importance: unlike AAA (where rupture dominates), PAAs are dangerous primarily because of thrombosis or distal embolization → acute limb ischemia.

Etiology and Risk Factors
· Atherosclerosis (most common).
· Connective tissue disorders (Marfan, Ehlers-Danlos, Loeys-Dietz).
· Trauma or iatrogenic injury.
· Infection (mycotic aneurysm, rare).
· Male sex, age >65, smoking, hypertension, family history of aneurysms.

Pathophysiology
· Progressive wall weakening → dilatation.
· Popliteal artery special risk: confined space behind knee → higher risk of thrombosis and compression.
· Thrombosis and embolism: mural thrombus forms, may occlude lumen or embolize distally.
· Compression: nerve (neuropathy), vein (DVT), or artery (claudication).

Clinical Presentation
· Asymptomatic: detected incidentally by imaging or physical exam (pulsatile mass).
· Symptomatic:
· Claudication, rest pain.
· Acute limb ischemia from thrombosis or embolization.
· Distal embolization → “blue toe” syndrome, non-healing ulcers.
· Rare: rupture (unlike AAA).
Physical exam: pulsatile mass in popliteal fossa; may be bilateral.

Diagnostics
Non-invasive
· Duplex Ultrasound: first-line; defines diameter, thrombus, flow.
· CTA/MRA:
· Gold standard for operative planning.
· Defines outflow and runoff arteries.
· DSA: usually reserved for intraoperative/endovascular guidance.
Screening
· All patients with PAA should undergo:
· Contralateral popliteal artery imaging.
· AAA screening (CTA or ultrasound).

Treatment
Indications for repair
· Symptomatic aneurysm (any size).
· Asymptomatic aneurysm >20 mm (controversial cutoff; many use >25 mm).
· Smaller aneurysms with thrombus, distal embolization, or poor runoff.
Open repair (gold standard)
· Bypass with aneurysm exclusion:
· Ligation of aneurysm proximally and distally.
· Bypass with autologous vein (preferred) or prosthetic.
· Long-term patency 70–90% at 5 years if good vein and runoff [2].
Endovascular repair
· Covered stent grafts (Viabahn).
· Less invasive, good early results, but long-term durability debated.
· Best for high-risk patients or poor vein conduit.
· Patency ~60–70% at 3 years.
Hybrid approaches
· Limited use; occasionally combined ligation and endograft.
Acute limb ischemia due to PAA thrombosis
· Catheter-directed thrombolysis (alteplase, urokinase).
· Followed by definitive repair (bypass or stent graft).
· Urgent revascularization critical for limb salvage.

Follow-up
· Duplex Ultrasound at 1, 6, 12 months, then annually.
· Graft surveillance: look for stenosis at anastomoses or within graft/stent.
· Life-long follow-up recommended due to bilateral/AAA association.

Tables
Table 9.1. Clinical Manifestations of Popliteal Aneurysms
	Presentation
	Frequency
	Features

	Asymptomatic
	30–50%
	Incidental finding, pulsatile mass

	Claudication
	20–30%
	Progressive ischemia

	Acute thrombosis
	15–30%
	Sudden ALI, risk of amputation

	Distal embolization
	10–15%
	Blue toe, digital gangrene

	Rupture
	<5%
	Rare, painful swelling



Table 9.2. Comparison of Open vs Endovascular Repair
	Approach
	Advantages
	Limitations
	Patency

	Open bypass
	Durable, vein conduit superior
	Invasive, wound complications
	70–90% (5 yrs)

	Endovascular
	Less invasive, suitable for high-risk
	Restenosis, fracture, reintervention
	60–70% (3 yrs)
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Chapter 10. Renal and Mesenteric Artery Disease 

Background
Renal and mesenteric artery diseases are major causes of secondary hypertension, renovascular kidney disease, mesenteric ischemia, and intestinal infarction.
· Renal artery stenosis (RAS):
· Most common cause of secondary hypertension.
· Responsible for 5–10% of refractory hypertension [1].
· Bilateral RAS may cause ischemic nephropathy → renal failure.
· Mesenteric artery disease:
· Acute mesenteric ischemia (AMI): high mortality (40–60%).
· Chronic mesenteric ischemia (CMI): postprandial pain, “food fear,” weight loss.

Etiology and Risk Factors
Renal artery stenosis
· Atherosclerosis (70–90%): proximal main renal artery, often bilateral, elderly men with diffuse vascular disease.
· Fibromuscular dysplasia (FMD): young women, “string of beads” pattern, distal segments.
· Other: vasculitis, trauma, iatrogenic injury, radiation-induced.
Mesenteric artery disease
· Acute: embolism (AF, cardiac thrombus), thrombosis of atherosclerotic plaque, non-occlusive mesenteric ischemia (shock, vasospasm).
· Chronic: progressive atherosclerosis of celiac, SMA, IMA (≥2 vessels).
· Risk factors: smoking, hypertension, diabetes, CAD, atrial fibrillation.

Pathophysiology
Renal artery stenosis
· Decreased renal perfusion → RAAS activation → hypertension.
· Chronic ischemia → renal parenchymal atrophy, ischemic nephropathy.
· Bilateral RAS + ACE inhibitors/ARBs → acute renal failure (“prerenal”).
Mesenteric artery disease
· Acute ischemia:
· Occlusion of SMA → small bowel infarction.
· Emboli lodge at SMA origin.
· Non-occlusive form: low flow + vasospasm in critically ill.
· Chronic ischemia:
· Collateral circulation usually protective.
· Symptoms occur when ≥2 vessels (SMA, celiac, IMA) are diseased.

Clinical Presentation
Renal artery stenosis
· Resistant hypertension.
· Worsening renal function after ACEi/ARB.
· Recurrent flash pulmonary edema.
· Asymptomatic in some.
Acute mesenteric ischemia (AMI)
· Severe abdominal pain “out of proportion” to exam.
· Nausea, vomiting, diarrhea.
· Peritonitis = late finding.
· Shock, metabolic acidosis, high lactate.
Chronic mesenteric ischemia (CMI)
· Postprandial abdominal pain (intestinal angina).
· Weight loss, food fear.
· Diarrhea, malabsorption.

Diagnostics
Renal artery stenosis
· Duplex ultrasound: PSV >200 cm/s suggests >60% stenosis.
· CTA/MRA: excellent for renal artery origin, plaque burden.
· DSA: gold standard, but reserved for intervention.
· Captopril renography: historical, now rarely used.
Mesenteric ischemia
· Acute: CTA is gold standard (occlusion, bowel ischemia, pneumatosis, portal gas).
· Chronic: CTA/MRA show stenosis/occlusion, collateral flow.
· DUS: screening tool, limited sensitivity for mesenteric vessels.
· Lab: lactate ↑ (late), leukocytosis.

Treatment
Renal artery stenosis
· Medical therapy first-line: antihypertensives, statins, antiplatelets.
· Revascularization:
· Indications: recurrent pulmonary edema, progressive renal dysfunction, resistant HTN.
· Endovascular stenting: primary therapy for atherosclerotic RAS.
· Surgery (bypass, endarterectomy): rare, selected cases.
· FMD: angioplasty alone (no stent) preferred.
Acute mesenteric ischemia
· Resuscitation: fluids, broad-spectrum antibiotics, anticoagulation.
· Endovascular revascularization: thrombectomy, thrombolysis, stenting.
· Open surgery: embolectomy, bypass, bowel resection if necrotic.
· Hybrid: laparotomy + endovascular.
Chronic mesenteric ischemia
· Symptomatic patients require revascularization.
· Endovascular stenting (SMA, celiac): first-line, less invasive.
· Open bypass (aorto-mesenteric): durable, used if endo fails or unsuitable.
· Medical therapy: risk factor modification, antiplatelets.

Follow-up
· Renal artery: DUS at 1, 6, 12 months, then yearly. Monitor BP, renal function.
· Mesenteric artery: DUS surveillance, symptom monitoring.
· Secondary prevention: statins, antiplatelets, lifestyle.

Tables
Table 10.1. Etiologies of Renal and Mesenteric Artery Disease
	Disease
	Common Cause
	Other Causes

	RAS
	Atherosclerosis
	FMD, vasculitis, trauma

	AMI
	Embolism, thrombosis
	Non-occlusive ischemia

	CMI
	Atherosclerosis (≥2 vessels)
	Vasculitis



Table 10.2. Treatment Approaches
	Disease
	Endovascular
	Open Surgery
	Medical

	RAS
	Angioplasty + stent (atherosclerosis), balloon only (FMD)
	Bypass, endarterectomy (rare)
	Antihypertensives, statins

	AMI
	Stent, aspiration, thrombolysis
	Embolectomy, bypass, bowel resection
	Anticoagulation, antibiotics

	CMI
	Angioplasty + stent (SMA, celiac)
	Bypass (aorto-mesenteric)
	Risk factor management
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Chapter 11. Abdominal Compartment Syndrome (ACS) and Visceral Venous Disorders

Background
Abdominal Compartment Syndrome (ACS) is a life-threatening condition resulting from sustained intra-abdominal hypertension (IAH), defined as intra-abdominal pressure (IAP) >12 mmHg.
· IAH is classified into grades I–IV:
· Grade I: 12–15 mmHg
· Grade II: 16–20 mmHg
· Grade III: 21–25 mmHg
· Grade IV: >25 mmHg
· ACS is defined as IAP >20 mmHg with new organ dysfunction [1].
Incidence and significance:
· Occurs in ~30% of patients after ruptured AAA repair and 10–15% after major abdominal trauma.
· Mortality untreated exceeds 60%.
· Early recognition and decompression are crucial.
Visceral venous disorders include:
· Portal vein thrombosis (PVT): can be acute or chronic, associated with cirrhosis, hepatocellular carcinoma, or prothrombotic states.
· Mesenteric vein thrombosis (MVT): often due to thrombophilia, pancreatitis, or intra-abdominal infection.
· Budd–Chiari Syndrome (BCS): hepatic venous outflow obstruction due to thrombosis or webs.
These disorders contribute to portal hypertension, ischemia, GI bleeding, ascites, and hepatic failure.

Etiology
Abdominal Compartment Syndrome
· Primary causes: massive intra-abdominal bleeding (ruptured AAA, trauma), retroperitoneal hematomas, severe pancreatitis, bowel obstruction, mesenteric ischemia.
· Secondary causes: aggressive resuscitation, sepsis, burns, capillary leak.
· Risk factors: large-volume crystalloid resuscitation, coagulopathy, hypothermia, prolonged surgery, postoperative bleeding.
Visceral venous disorders
· Portal vein thrombosis (PVT):
· Cirrhosis (60–70%).
· Hepatocellular carcinoma invasion.
· Abdominal infection or inflammation (appendicitis, diverticulitis).
· Prothrombotic disorders (Factor V Leiden, protein C/S deficiency, antiphospholipid syndrome).
· Mesenteric vein thrombosis (MVT):
· Hypercoagulable states.
· Trauma, intra-abdominal sepsis.
· Pancreatitis.
· Inflammatory bowel disease.
· Budd–Chiari Syndrome (BCS):
· Thrombosis due to myeloproliferative disorders (polycythemia vera, essential thrombocythemia).
· Antiphospholipid syndrome, paroxysmal nocturnal hemoglobinuria (PNH).
· Hepatic tumors or cysts compressing hepatic veins.
· Congenital webs or membranous obstruction (common in Asia).

Pathophysiology
ACS
· Increased IAP impairs venous return, reduces preload, and increases afterload → decreased cardiac output.
· Renal perfusion pressure (MAP – IAP) falls → oliguria, acute kidney injury.
· Elevated diaphragm → impaired lung compliance, hypoxemia, hypercarbia.
· Splanchnic ischemia → mucosal barrier failure, endotoxemia, bacterial translocation.
· Global hypoperfusion → multi-organ dysfunction.
Visceral venous thrombosis
· Outflow obstruction → venous hypertension, bowel or liver congestion, ischemia.
· Collateral development → cavernous transformation of the portal vein (chronic PVT).
· Portal hypertension → esophageal varices, ascites.
· BCS: hepatic congestion → centrilobular necrosis → fibrosis → cirrhosis → liver failure.

Clinical Presentation
ACS
· Tense, distended abdomen.
· Hypotension, tachycardia, shock.
· Elevated peak inspiratory pressures on ventilator.
· Oliguria or anuria.
· Lactic acidosis, hypoxemia, hypercarbia.
PVT/MVT
· Abdominal pain, ascites, splenomegaly.
· Acute: severe abdominal pain, ileus, GI bleeding.
· Chronic: variceal bleeding, ascites, splenomegaly.
BCS
· Triad: hepatomegaly, ascites, abdominal pain.
· Subacute form: progressive ascites, varices.
· Chronic form: cirrhosis, portal hypertension.

Diagnostics
ACS
· Bladder pressure measurement: gold standard (transvesical).
· Imaging: CT may show massive edema or hematoma but diagnosis is pressure-driven.
· Monitoring: hourly IAP monitoring in high-risk patients (ruptured AAA, polytrauma).
Visceral venous disorders
· Doppler US: first-line for portal and hepatic veins.
· CTA/MRA: delineates extent of thrombosis, bowel ischemia, collaterals.
· DSA: interventional planning.
· Labs: CBC, LFTs, coagulation, thrombophilia screen.

Treatment
ACS
· Medical: sedation, analgesia, NG tube decompression, diuretics, fluid restriction, optimizing PEEP.
· Surgical: decompressive laparotomy with temporary abdominal closure (VAC, Bogotá bag, Wittmann patch).
· Endovascular adjuncts: REBOA or stent-graft to control bleeding before decompression.
· Staged abdominal closure after resuscitation.
PVT/MVT
· Anticoagulation: LMWH → DOAC/warfarin (lifelong if thrombophilia).
· Endovascular: catheter-directed thrombolysis, thrombectomy.
· TIPS: in refractory portal hypertension.
· Surgery: bowel resection in infarction.
Budd–Chiari Syndrome
· Stepwise approach:
· Anticoagulation (all patients).
· Endovascular: angioplasty, stenting, TIPS.
· Surgical: mesoatrial or portocaval shunts.
· Liver transplantation in advanced failure.

Follow-up
· ACS: IAP monitoring, staged closure, long-term hernia repair if required.
· PVT/MVT: lifelong anticoagulation, imaging surveillance.
· BCS: long-term anticoagulation, surveillance for recurrence and liver function.
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Chapter 12. Vascular Trauma 

Background
Vascular trauma is one of the most time-critical conditions in surgery, associated with high risk of hemorrhage, ischemia, amputation, and death.
· Incidence: ~5% of all major trauma admissions involve vascular injury [1].
· Demographics: most patients are young males, but civilian iatrogenic vascular trauma is rising (femoral access, endovascular procedures).
· Mechanisms: penetrating (gunshot, stab) and blunt (motor vehicle collision, crush, blast), with different injury patterns.
· Mortality: up to 50% in torso vascular trauma without prompt control.
The management of vascular trauma has evolved dramatically with the EndoVascular Trauma Management (EVTM) paradigm, which integrates open surgery, temporary shunting, and endovascular methods (REBOA, stent-grafts, embolization) into damage control resuscitation [2].

Etiology and Mechanisms
· Penetrating injuries:
· Stab wounds, gunshots → transection, laceration, pseudoaneurysm, AV fistula.
· Civilian vs military: high-energy weapons cause more destructive injuries.
· Blunt injuries:
· MVC, crush, falls → intimal tears, thrombosis, dissection, pseudoaneurysm.
· Common in subclavian, carotid, and aortic injuries.
· Iatrogenic injuries:
· Growing category: percutaneous access (femoral/axillary), central venous catheters, endovascular procedures.
· Complications: pseudoaneurysm, AV fistula, retroperitoneal hematoma.

Pathophysiology
· Hemorrhage: rapid exsanguination → hypovolemic shock, coagulopathy, acidosis.
· Ischemia: arterial occlusion → tissue necrosis, compartment syndrome, limb loss.
· AV fistula: arterial pressure transmitted to venous system → high-output cardiac failure, venous hypertension.
· Pseudoaneurysm: risk of rupture, embolization.
The lethal triad of trauma (acidosis, hypothermia, coagulopathy) is exacerbated by uncontrolled vascular bleeding.

Clinical Presentation
Hard signs (require immediate intervention):
· Active hemorrhage.
· Expanding or pulsatile hematoma.
· Absent distal pulses / limb ischemia.
· Audible bruit or thrill.
· Distal neurological deficit with vascular injury.
Soft signs (require imaging):
· History of arterial bleeding.
· Proximity to major vessel.
· Small stable hematoma.
· Unexplained hypotension.
· Associated fracture or dislocation (knee dislocation → popliteal injury risk up to 30%).

Diagnostics
· CT Angiography (CTA): gold standard in stable patients. Rapid, highly sensitive (>95%).
· Duplex ultrasound (DUS): useful in extremity trauma, less sensitive for torso vessels.
· Digital Subtraction Angiography (DSA): diagnostic and therapeutic; essential in hybrid/IR settings.
· FAST/CT: detect associated solid organ injury.
· Intraoperative exploration: mandatory in unstable patients with hard signs.

Treatment
Principles of Damage Control Vascular Surgery
1. Rapid hemorrhage control – proximal compression, tourniquet, clamping, balloon occlusion (REBOA).
2. Temporary vascular shunts – restore flow in extremities during resuscitation.
3. Packing and external fixation – stabilize before definitive repair.
4. Damage control resuscitation: balanced transfusion, permissive hypotension until bleeding controlled.

Definitive Repair
Open Surgical Approaches
· Primary repair: small lacerations.
· Vein patch angioplasty: intimal or partial wall defects.
· Interposition graft: reversed saphenous vein graft is gold standard.
· Bypass grafting: when segment loss is long; prosthetic used if vein unavailable.
· Ligation: only for uncontrollable hemorrhage in non-critical vessels (e.g., some venous injuries).
Endovascular Approaches
· Covered stent-grafts: increasingly used for subclavian, carotid, iliac, and aortic trauma [3].
· Embolization: coils, plugs for solid organ and pelvic bleeding.
· REBOA (Resuscitative Endovascular Balloon Occlusion of the Aorta): lifesaving in non-compressible torso hemorrhage, alternative to thoracotomy and aortic cross-clamp [4].
Hybrid Approaches
· Combination of laparotomy + endovascular (e.g., pelvic bleeding controlled with embolization + external fixation).
· Increasing use in dedicated hybrid ORs.

Complications
· Early: hemorrhage, graft thrombosis, reperfusion injury, compartment syndrome.
· Late: pseudoaneurysm, AV fistula, graft infection, chronic limb ischemia, post-thrombotic syndrome.

Follow-up
· Imaging surveillance: DUS or CTA at 1, 6, 12 months, then yearly.
· Antiplatelet/anticoagulation: depending on repair (stents require DAPT initially).
· Limb rehabilitation: physiotherapy for extremity salvage.
· Registry participation: Swedvasc, Vascunet trauma modules (improving evidence base).

Guidelines and Evidence
· EAST (2012, 2019 updates): CTA is recommended for stable patients; hard signs → immediate OR [5].
· ESVS 2025 Draft Guidelines: emphasize EVTM principles, use of shunts, endovascular stent-grafts, and REBOA for torso trauma.
· Military experience (Iraq, Afghanistan): shunt use, vein grafts, and staged repair improve limb salvage.
· EVTM Society registries and data: more info onwww.jevtm.com and Pubmed.
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Chapter 13. EndoVascular Trauma Management (EVTM)

Background
EndoVascular Trauma Management (EVTM) is an integrative paradigm in modern trauma surgery and critical care. It expands the toolbox of trauma surgeons beyond open surgery by embedding endovascular, hybrid, and resuscitative techniques directly into trauma workflows.
· Origins: Developed and formalized by Hörer and colleagues in Örebro, Sweden, beginning in the early 2010s, leading to the foundation of the EVTM Society and the launch of the Journal of EndoVascular Resuscitation and Trauma Management (JEVTM) [1].
· Scope: EVTM does not replace open surgery but integrates endovascular resuscitation and bleeding control, enabling tailored, patient-specific trauma management.
· Core philosophy: Access early, control early, resuscitate endovascularly, treat bleeding with a hybrid toolbox.

Pathophysiology of Endovascular Resuscitation
· Hemorrhagic shock leads to rapid deterioration via hypoperfusion, acidosis, coagulopathy, and hypothermia (the “lethal triad”).
· Endovascular resuscitation tools (REBOA, partial REBOA, selective aortic clamping, stent-grafts, embolization) provide rapid proximal or selective hemorrhage control while maintaining perfusion of vital organs.
· Partial REBOA (pREBOA) and adjustable balloon occlusion reduce ischemia compared to complete occlusion [2].
· Endovascular stent-grafts exclude bleeding vessels, restore flow, and prevent exsanguination.
· Embolization seals bleeding at distal or branch vessel level, preventing need for extensive laparotomy or organ resection.

Core Components of EVTM
1. Femoral Arterial and Venous Access (the gateway to EVTM)
· Ultrasound-guided, rapid, percutaneous or surgical.
· Placed early in resuscitation, even before definitive imaging.
· Allows for: REBOA, angiography, stent deployment, embolization, resuscitation lines.

2. Resuscitative Endovascular Balloon Occlusion of the Aorta (REBOA)
· Zones of deployment:
· Zone I: Left subclavian → celiac trunk (abdominal bleeding, ruptured AAA).
· Zone III: Infrarenal aorta (pelvic hemorrhage).
· Indications: profound shock, NCTH, pelvic/abdominal bleeding, ruptured aneurysm.
· Partial REBOA (pREBOA): titrated inflation allows distal flow, reducing ischemic burden.
· Evidence: EVTM registry, AORTA registry, and multiple observational studies show survival benefit when used early and selectively [3].

3. Endovascular Stent-Grafts
· Covered stents (e.g., Viabahn, Gore, Atrium) are increasingly used for trauma:
· Subclavian and axillary injuries (blunt or penetrating).
· Carotid artery trauma (selected cases).
· Iliac artery and aortic trauma (penetrating or blunt).
· Advantages: rapid bleeding control, flow preservation, less invasive than thoracotomy/laparotomy.
· Limitations: device availability, infection risk, need for antiplatelet therapy.

4. Endovascular Embolization
· One of the most powerful tools in EVTM.
· Indications:
· Pelvic hemorrhage (pelvic fracture bleeding).
· Solid organ trauma (spleen, liver, kidney).
· Junctional bleeding (gluteal, retroperitoneal).
· Agents: coils, vascular plugs, gelfoam, liquid embolics (NBCA, Onyx).
· Guidelines (WSES, ESVS): recommend pelvic embolization as first-line in unstable pelvic fracture bleeding [4].

5. Temporary Intravascular Shunts (TIVS)
· Used in extremity vascular trauma to restore perfusion while resuscitation and orthopedic fixation are ongoing.
· Widely used in both civilian trauma and combat operations (Iraq, Afghanistan) with good limb salvage rates [5].
· Can be combined with endovascular techniques (e.g., REBOA + shunt).

6. Hybrid Trauma and Endovascular Surgery
· Hybrid operating rooms integrate fluoroscopy, angiography, and surgical access.
· Enable simultaneous laparotomy, thoracotomy, and endovascular procedures.
· Increasingly essential in high-volume trauma centers.

EVTM in Resuscitation Workflows
1. Patient arrival – Early femoral access obtained (arterial + venous).
2. Unstable with NCTH – Immediate REBOA (Zone I or III).
3. Imaging (CTA) – If stable enough → rapid diagnosis.
4. Definitive control:
· Endograft if major vessel rupture.
· Embolization for pelvic or solid organ bleeding.
· Shunts for extremity trauma.
· Hybrid laparotomy + endovascular intervention when needed.

Outcomes and Evidence
· Military experience: extensive use of shunts and endovascular techniques improved limb salvage and survival [5].
· Civilian data: increasing registry reports show feasibility and survival benefit in both blunt and penetrating trauma.
· EVTM Registry (JEVTM): multicenter data demonstrate safety of REBOA, stent-grafts, embolization when used in integrated workflows [6].
· pREBOA studies: suggest lower metabolic injury and improved outcomes compared to total occlusion [2].

Complications
· Vascular access site injury (pseudoaneurysm, dissection).
· Limb ischemia and reperfusion injury.
· Balloon rupture or migration (REBOA).
· Stent occlusion, infection.
· Embolization-related complications: non-target embolization, ischemia.

Guidelines and Consensus
· EAST Guidelines (2019, 2022): REBOA for torso hemorrhage when used in trained hands.
· WSES Pelvic Trauma Guidelines: embolization is gold standard for uncontrolled pelvic bleeding [4].
· ESVS 2025 Draft Trauma Guidelines: endorse integrated hybrid and endovascular trauma strategies.
· EVTM Society consensus: Endovascular resuscitation is not only REBOA – it is the combined, flexible use of access, embolization, stents, shunts, and hybrid surgery.  CHANGE
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Chapter 14. Venous Thromboembolism (VTE)

Background
Venous thromboembolism (VTE), comprising deep vein thrombosis (DVT) and pulmonary embolism (PE), is one of the most common and serious vascular disorders worldwide.
· Incidence: ~1–2 per 1000 per year in Western populations [1].
· Burden: major cause of preventable hospital death.
· Sequelae: post-thrombotic syndrome (PTS) in up to 50% of proximal DVT cases, chronic thromboembolic pulmonary hypertension (CTEPH) in ~4% of PE survivors.

Etiology and Risk Factors
Virchow’s Triad
1. Venous stasis: immobility, surgery, trauma, obesity, paralysis.
2. Endothelial injury: trauma, indwelling catheters, surgery.
3. Hypercoagulability:
· Inherited: Factor V Leiden, prothrombin G20210A, antithrombin/protein C/S deficiency.
· Acquired: cancer, pregnancy, hormones, antiphospholipid syndrome.

Pathophysiology
· Thrombosis occurs when the balance between coagulation and fibrinolysis shifts toward clot formation.
· Most lower limb DVTs begin in calf veins, propagating proximally.
· PE occurs when thrombus embolizes to pulmonary arteries → increased pulmonary vascular resistance, RV strain, hypoxemia.
· Long-term sequelae: venous valve destruction → reflux → venous hypertension → PTS.

Clinical Presentation
DVT
· Unilateral swelling, pain, erythema, warmth.
· Homan’s sign (calf pain on dorsiflexion) – non-specific.
· Proximal DVT (iliofemoral) → higher PE risk.
PE
· Dyspnea, pleuritic chest pain, hemoptysis.
· Tachypnea, tachycardia, hypoxemia.
· Massive PE → hypotension, shock, syncope, sudden death.

Diagnostics
Clinical prediction
· Wells score (low, intermediate, high probability).
· Geneva score (alternative).
Laboratory
· D-dimer: sensitive but not specific; useful to rule out VTE in low-probability patients.
Imaging
· Duplex ultrasound: gold standard for DVT.
· CT pulmonary angiography (CTPA): gold standard for PE.
· V/Q scan: alternative in renal failure/pregnancy.
· MR venography: limited availability.
Risk stratification in PE
· Massive PE: shock/hypotension.
· Submassive PE: RV dysfunction, elevated troponin/BNP, but stable BP.
· Low-risk PE: normal hemodynamics and biomarkers.

Treatment
Anticoagulation (cornerstone therapy)
· Direct oral anticoagulants (DOACs): apixaban, rivaroxaban, dabigatran, edoxaban – now first-line for most patients [2].
· LMWH: especially in cancer-associated thrombosis.
· Warfarin: alternative in renal failure or antiphospholipid syndrome.
Duration of therapy:
· Provoked VTE (surgery, trauma, transient risk factor): 3–6 months.
· Unprovoked VTE: ≥6 months, often indefinite if recurrent or high risk.
· Cancer-associated VTE: at least 6 months, often lifelong.

Advanced and Endovascular Therapies
· Catheter-directed thrombolysis (CDT):
· Indicated in iliofemoral DVT with threatened limb or high risk of PTS.
· Evidence: ATTRACT trial showed no reduction in PTS overall, but subgroup benefit in young patients with iliofemoral DVT [3].
· Pharmacomechanical thrombectomy: (e.g., AngioJet, ClotTriever).
· Emerging option for large DVTs, especially when thrombolysis contraindicated.
· Systemic thrombolysis:
· For massive PE with hemodynamic collapse.
· Risks: major bleeding, intracranial hemorrhage.
· Catheter-directed thrombolysis (PE):
· Ultrasound-assisted (EKOS).
· Lower lytic dose, reduced bleeding compared to systemic thrombolysis.
· Surgical embolectomy:
· Rare, for massive PE with contraindication to lysis.
· Inferior vena cava (IVC) filters:
· Only when anticoagulation contraindicated.
· High risk of long-term complications (fracture, migration, DVT).
· Retrieval recommended as soon as possible.

Follow-up and Long-Term Management
· Compression therapy: reduces PTS risk in proximal DVT (mixed evidence).
· DUS surveillance: not routine unless symptoms recur.
· PE follow-up: screen for CTEPH with echocardiography if persistent dyspnea.
· Lifestyle and prevention: mobilization, hydration, weight reduction, cancer screening in unprovoked VTE.

Guidelines
· CHEST Guidelines (2016, 2021 updates): DOACs preferred for most VTE.
· ESC Guidelines (2020): emphasize PE risk stratification, outpatient therapy in low-risk patients.
· SVS/ESVS guidelines: highlight role of endovenous thrombus removal in selected iliofemoral DVT cases.

Tables
Table 14.1. Duration of Anticoagulation in VTE
	VTE type
	Duration of therapy

	Provoked (surgery/trauma)
	3–6 months

	Unprovoked, low risk
	≥6 months, consider indefinite

	Recurrent VTE
	Lifelong

	Cancer-associated VTE
	≥6 months, often indefinite
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Chapter 15. Chronic Venous Insufficiency (CVI) and Varicose Veins

Background
Chronic venous disease (CVD) is among the most prevalent vascular disorders worldwide.
· Epidemiology:
· Up to 30% of adults have varicose veins (CEAP C2).
· Advanced stages (CEAP C4–C6) affect ~3–5% of the population [1].
· Burden:
· Major socioeconomic impact (work loss, chronic ulcers).
· Venous ulcers account for ~70% of chronic leg ulcers.
· Definitions:
· Varicose veins (VV): dilated, tortuous subcutaneous veins ≥3 mm.
· CVI: advanced CVD with skin changes or ulceration (CEAP C3–C6).

Etiology and Risk Factors
· Primary venous insufficiency:
· Valve incompetence in superficial (GSV, SSV) or perforator veins.
· Familial/genetic predisposition (weakened vein wall, valve malformation).
· Secondary venous insufficiency:
· Post-thrombotic syndrome (PTS) after DVT.
· Obstruction (iliac vein compression/May–Thurner syndrome).
· Risk factors:
· Female sex, pregnancy, obesity, age, standing occupations, prior DVT, congenital anomalies.

Pathophysiology
· Reflux: valve incompetence → retrograde flow → venous hypertension.
· Obstruction: post-thrombotic changes or iliac vein compression → outflow resistance.
· Microcirculatory consequences:
· Leukocyte activation, inflammation.
· Capillary leakage, fibrin cuff formation.
· Tissue hypoxia → skin changes (lipodermatosclerosis, atrophie blanche) → ulceration.
CEAP Classification:
· C0: No visible disease.
· C1: Telangiectasias, reticular veins.
· C2: Varicose veins.
· C3: Edema.
· C4a: Pigmentation, eczema.
· C4b: Lipodermatosclerosis, atrophie blanche.
· C5: Healed ulcer.
· C6: Active ulcer.

Clinical Presentation
· Varicose veins: aching, heaviness, swelling, cosmetic concerns.
· CVI: edema, skin changes, recurrent cellulitis, ulcers.
· Post-thrombotic syndrome: pain, swelling, skin hyperpigmentation.
· Venous claudication: pain with walking relieved by rest/elevation (iliac vein obstruction).

Diagnostics
Non-invasive
· Duplex Ultrasound (DUS): cornerstone test.
· Maps reflux (supine/standing).
· Identifies obstruction (iliac/femoral).
· Guides intervention.
Advanced imaging
· CT/MR venography: for iliocaval obstruction, stent planning.
· Intravascular ultrasound (IVUS): gold standard for iliac vein stenosis/May–Thurner.
Functional tests (rare in practice)
· Air plethysmography.
· Ambulatory venous pressure.

Treatment
General/Conservative
· Compression therapy: Class II–III stockings.
· Exercise, weight reduction, limb elevation.
· Adjunct: venoactive drugs (micronized purified flavonoids, horse chestnut extract).

Interventional (Superficial System)
1. Endovenous ablation (first-line)
· Radiofrequency ablation (RFA) and endovenous laser therapy (EVLT): ~95% closure rates at 5 years [2].
· Mechanochemical ablation (MOCA): catheter + sclerosant.
· Cyanoacrylate closure (glue): no tumescent anesthesia needed.
2. Sclerotherapy
· Foam or liquid for small veins, telangiectasias, residual/recurrent VV.
3. Surgery
· Historically high ligation and stripping of GSV/SSV.
· Now reserved for resource-limited settings or redo cases.

Interventional (Deep Venous System)
· Iliocaval stenting:
· For iliac vein compression (May–Thurner) or post-thrombotic obstruction.
· Patency >80% at 5 years with symptom relief [3].
· Valve reconstruction (rare):
· Neovalve or transplant techniques in severe reflux.

Ulcer Management
· Compression is mainstay.
· Adjunctive therapies: pentoxifylline, skin grafting, negative-pressure wound therapy.
· Endovenous ablation in C6: EVRA trial showed early ablation + compression → faster ulcer healing and fewer recurrences [4].

Follow-up
· DUS surveillance after ablation or stenting.
· Compression stockings long-term in advanced disease.
· Multidisciplinary ulcer care for CEAP C6.

Guidelines
· SVS/AVF Guidelines (2011, updated 2022):
· Endovenous ablation preferred over surgery for GSV/SSV reflux.
· ESVS Guidelines (2015):
· Compression in all CEAP ≥C3.
· Endovenous therapy first-line for symptomatic varicose veins.
· Stenting indicated for significant iliac obstruction with symptoms.
· NICE Guidelines (UK, 2013):
· Offer endothermal ablation as first-line, foam sclerotherapy if unsuitable.

Tables
Table 15.1. CEAP Clinical Classification
	Class
	Findings

	C0
	No visible signs

	C1
	Telangiectasias, reticular veins

	C2
	Varicose veins

	C3
	Edema

	C4a
	Pigmentation, eczema

	C4b
	Lipodermatosclerosis, atrophie blanche

	C5
	Healed ulcer

	C6
	Active ulcer



Table 15.2. Comparison of Interventions for Superficial Reflux
	Treatment
	Success Rate
	Advantages
	Limitations

	EVLT/RFA
	90–95%
	Minimally invasive, durable
	Cost, equipment

	MOCA
	80–85%
	No tumescent anesthesia
	Higher recurrence

	Cyanoacrylate
	90%
	Office-based, no tumescent
	Glue reactions

	Surgery
	80–85%
	Widely available
	More invasive, recovery
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Chapter 16. Arteriovenous Malformations (AVMs) and Vascular Malformations

Background
Vascular malformations are congenital anomalies of the vascular system resulting from errors in vascular development during embryogenesis. Unlike vascular tumors (e.g., infantile hemangiomas), malformations are structural anomalies present at birth, growing proportionally with the patient and persisting throughout life.
· Incidence: Vascular malformations occur in ~1.5% of the population [1].
· Classification: The ISSVA classification (2018) divides vascular anomalies into:
· Vascular tumors (e.g., hemangiomas).
· Vascular malformations:
· Slow-flow (capillary, venous, lymphatic).
· Fast-flow (arteriovenous malformations, AVMs).
· Combined malformations.
· Clinical importance: AVMs are the most aggressive, leading to pain, ulceration, hemorrhage, high-output cardiac failure, ischemia, and limb loss.

Etiology
· Embryologic developmental errors in angiogenesis and vasculogenesis.
· Genetic and molecular causes:
· Somatic mutations in RASA1, KRAS, and MAP2K1 genes identified in sporadic AVMs [2].
· Hereditary hemorrhagic telangiectasia (HHT, Osler-Weber-Rendu syndrome): autosomal dominant mutations in ENG, ACVRL1, SMAD4.
· Parkes Weber syndrome: RASA1 mutation, associated with limb overgrowth and AVMs.

Pathophysiology
· AVMs: direct arterial–venous connections bypassing the capillary bed.
· Leads to low-resistance, high-flow shunt.
· Results in venous hypertension, tissue ischemia, and progressive enlargement.
· Venous malformations: ectatic, dysplastic venous channels with sluggish flow, thrombosis, phleboliths.
· Lymphatic malformations: abnormal lymphatic channels or cystic spaces, prone to infection and leakage.
· Combined malformations: (e.g., capillary-venous, capillary-lymphatic-venous).
· Systemic effects: large AVMs → increased cardiac output demand → eventual high-output heart failure.

Clinical Presentation
· Cutaneous lesions: swelling, skin discoloration, warmth, pulsatility (AVMs).
· Symptoms: pain, functional impairment, bleeding, ulceration.
· AVMs: bruit, thrill, distal ischemia, cardiac failure in large shunts.
· Venous malformations: soft, compressible masses, worse with dependency, associated with DVT-like symptoms.
· Lymphatic malformations: cystic, fluctuant, recurrent infection/lymphorrhea.
· Complications: ulceration, infection, skeletal overgrowth, disfigurement.

Diagnostics
· Duplex ultrasound (DUS): initial screening; identifies flow characteristics.
· MRI with contrast: gold standard for malformation mapping; defines extent, tissue involvement, and flow dynamics.
· CT angiography (CTA): useful for bone involvement or surgical planning.
· Digital subtraction angiography (DSA): essential for endovascular planning; demonstrates nidus and feeding vessels.
· Genetic testing: considered in syndromic cases (HHT, Parkes Weber).

Treatment
General Principles
· Multidisciplinary care (vascular surgeon, interventional radiologist, dermatologist, plastic surgeon).
· Goals: symptom control, prevent complications, preserve function.
· Complete cure is rare for AVMs; staged and repeated interventions are common.

Endovascular Therapy
1. Embolization (cornerstone for AVMs)
· Agents: ethanol, NBCA (glue), Onyx, coils, plugs.
· Ethanol is highly effective but carries risk of skin necrosis, nerve damage, cardiopulmonary collapse.
· Embolization is often staged to reduce risk of necrosis or systemic effects.
· Goal: target the nidus, not only feeding arteries.
2. Sclerotherapy (for venous/lymphatic malformations)
· Agents: polidocanol, sodium tetradecyl sulfate (STS), doxycycline, bleomycin.
· Effective for slow-flow venous and lymphatic malformations.
· Ultrasound or fluoroscopic guidance used.
3. Combined therapies
· Embolization + surgical excision (for AVMs).
· Sclerotherapy + debulking surgery (for large venous malformations).

Surgical Therapy
· Reserved for localized lesions or residual disease after embolization/sclerotherapy.
· Complete excision of AVMs is challenging due to risk of recurrence and blood loss.
· Debulking may improve function and cosmesis.
· For syndromic malformations (HHT), surgery is rarely definitive.

Systemic and Adjunctive Therapies
· mTOR inhibitors (Sirolimus): emerging therapy for complex malformations, especially lymphatic and combined lesions [3].
· Beta-blockers (propranolol): mainly effective in hemangiomas, limited in malformations.
· Laser therapy: superficial capillary malformations (port-wine stains).
· Anticoagulation: in venous malformations with recurrent thrombosis.

Follow-up
· Long-term surveillance with MRI/DUS.
· Staged interventions often required.
· Pain control and physiotherapy essential.
· Genetic counseling in familial cases.

Guidelines and Consensus
· ISSVA Classification (2018): framework for diagnosis and treatment stratification.
· ESVS Guidelines (2015): emphasize multidisciplinary approach, endovenous-first strategies for venous malformations.
· Wound/ulcer guidelines (WUWHS): compression and skin care in venous malformations with ulcers.
· EVTM Society encourages integration of embolization/sclerotherapy into vascular surgery practice.
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Chapter 17. Lymphedema (Primary and Secondary)

Background
Lymphedema is a chronic, progressive disorder caused by impaired lymphatic transport capacity leading to interstitial accumulation of protein-rich fluid, tissue fibrosis, and impaired immunity.
· Epidemiology:
· Affects ~250 million people worldwide [1].
· Secondary lymphedema (after surgery, infection, radiation, trauma) is far more common than primary forms.
· Burden:
· Functional disability, recurrent infections (erysipelas, cellulitis).
· Psychosocial impact due to disfigurement.
· Economic costs in chronic care and reduced productivity.

Etiology
Primary Lymphedema
· Congenital or genetic defects in lymphatic development.
· Milroy disease: congenital, VEGFR3 mutation.
· Meige disease: onset around puberty.
· Late-onset primary lymphedema (20–40 yrs).
Secondary Lymphedema
· Cancer-related: most common cause in developed countries.
· Breast cancer (axillary lymph node dissection, radiation).
· Gynecologic malignancies (pelvic node dissection).
· Prostate and urologic cancers.
· Infectious:
· Filariasis (Wuchereria bancrofti) – leading global cause.
· Other:
· Trauma, chronic venous disease, obesity, inflammatory conditions.

Pathophysiology
· Lymphatic transport failure → accumulation of protein-rich interstitial fluid.
· Chronic inflammation → fibroblast activation, adipose deposition, fibrosis.
· Progressive skin changes: hyperkeratosis, papillomatosis, lymphorrhea.
· Immunologic dysfunction: impaired dendritic/T-cell trafficking → recurrent cellulitis.
Stages (ISL classification):
· Stage 0: latent/subclinical.
· Stage I: pitting edema, reversible with elevation.
· Stage II: persistent swelling, fibrosis.
· Stage III: elephantiasis, skin thickening, recurrent infections.

Clinical Presentation
· Chronic, insidious swelling (usually limbs).
· Heaviness, tightness, decreased ROM.
· Pitting early, non-pitting later.
· Stemmer’s sign: inability to pinch skin at base of second toe/finger.
· Recurrent cellulitis/erysipelas.
· In advanced cases: elephantiasis, verrucous skin changes, ulcers.

Diagnostics
Clinical
· History of surgery, radiation, infection.
· Staging by ISL criteria.
Imaging
· Duplex ultrasound: rules out DVT/venous cause.
· Lymphoscintigraphy: gold standard functional test; delayed or absent lymphatic transport.
· Indocyanine green (ICG) lymphography: near-infrared fluorescence, dynamic mapping for microsurgery.
· MRI lymphangiography: high-resolution, delineates fluid vs fibrotic tissue.
· CT: may show honeycomb subcutaneous edema.
Biomarkers
· VEGF-C/D, soluble VEGFR3 under investigation.

Treatment
Conservative (cornerstone)
· Complete decongestive therapy (CDT): gold standard [2].
· Manual lymphatic drainage (MLD).
· Compression therapy (bandages, garments).
· Exercise.
· Skin care.
· Compression therapy: long-term; multilayer bandaging → stockings.
· Adjuncts: intermittent pneumatic compression, weight loss, antibiotics for cellulitis.

Surgical and Interventional
1. Physiological Microsurgery
· Lymphaticovenular anastomosis (LVA): supermicrosurgical shunting of lymphatics into venules.
· Vascularized lymph node transfer (VLNT): autologous lymph node flaps to restore drainage.
· Evidence: improved limb volume, reduced cellulitis frequency [3].
2. Excisional/Reductive Surgery
· Charles procedure: radical excision, skin grafting (rarely used).
· Modified debulking with liposuction + compression for advanced disease.
3. Endovascular/Hybrid Approaches
· Emerging imaging-guided lymphatic interventions.
· Lymphatic embolization (for leaks, chylothorax).
· Lymphangioplasty under investigation.
4. Medical therapy
· No proven pharmacological cure.
· Research: anti-inflammatory and antifibrotic agents (sirolimus, ketoprofen) show promise [4].

Follow-up
· Lifelong compression and CDT adherence.
· Imaging surveillance after microsurgical reconstruction.
· Prompt antibiotics for cellulitis.
· Patient education critical for compliance.

Guidelines
· International Society of Lymphology (ISL) 2020 Consensus: CDT is first-line, microsurgery for selected patients, lifelong compression required.
· ESVS Guidelines (2015): recommend lymphoscintigraphy for diagnosis and emphasize compression.
· NCCN Cancer Guidelines: recommend routine lymphedema surveillance post-axillary/pelvic surgery.
· WUWHS Guidelines: compression + multidisciplinary ulcer care in advanced cases.
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Chapter 18. Vascular Access for Hemodialysis

Background
Long-term hemodialysis (HD) requires durable vascular access capable of high blood flow while minimizing complications.
· Types of access:
1. Arteriovenous fistula (AVF): autogenous, first choice.
2. Arteriovenous graft (AVG): prosthetic, when veins unsuitable.
3. Central venous catheter (CVC): temporary or bridge access.
· Clinical importance: Vascular access dysfunction is the leading cause of hospitalization in dialysis patients [1].
· Guidelines: KDOQI 2019 guidelines emphasize individualized access strategy — “patient-first, fistula-first when appropriate.”

Etiology and Indications
· End-stage renal disease (ESRD): diabetes, hypertension, glomerulonephritis.
· Access creation indications: GFR <15 mL/min, anticipated need for long-term dialysis.
· Access selection factors:
· Life expectancy.
· Vessel anatomy (vein size ≥2.5 mm for AVF).
· Prior access history.
· Comorbidities.

Pathophysiology of Access Maturation and Failure
· AVF maturation: requires arterialization of vein (increased diameter, wall thickening, flow ≥600 mL/min, vein ≥6 mm).
· Failure to mature: due to small veins, poor inflow, juxta-anastomotic stenosis.
· Access stenosis: intimal hyperplasia at anastomosis or venous outflow.
· Thrombosis: most often superimposed on stenosis.
· Steal syndrome: diversion of blood away from distal limb.
· High-output heart failure: in high-flow fistulas.

Clinical Presentation
· Mature access: palpable thrill, audible bruit, flow >600 mL/min.
· Complications:
· Limb ischemia (steal).
· Aneurysm/pseudoaneurysm.
· Infection (more common in AVG/CVC).
· Recurrent thrombosis or poor dialysis adequacy.

Diagnostics
· Physical examination: inspection, palpation (thrill), auscultation (bruit).
· Duplex ultrasound (DUS):
· Vessel mapping before creation (artery ≥2 mm, vein ≥2.5 mm).
· Surveillance for stenosis (>50% narrowing, PSV ratio >2.0).
· Fistulography/angiography: gold standard for stenosis/thrombosis.
· CT/MR venography: for central venous stenosis/occlusion.

Treatment
Access Creation
1. Arteriovenous fistulas (AVFs):
· Radiocephalic AVF (Brescia-Cimino): first choice, wrist.
· Brachiocephalic AVF: upper arm, higher flows, easier cannulation.
· Transposed brachiobasilic AVF: deep vein transposition, good long-term patency.
2. Arteriovenous grafts (AVGs):
· Prosthetic (PTFE) graft between artery and vein.
· Used when autogenous veins inadequate.
· Higher infection and thrombosis rates.
3. Central venous catheters (CVCs):
· Internal jugular vein preferred.
· High risk of infection and central venous stenosis.
· Used as bridge or palliative access.

Endovascular Interventions
· Percutaneous transluminal angioplasty (PTA):
· First-line for stenosis.
· Balloon angioplasty with or without stents.
· Drug-coated balloons under investigation [2].
· Thrombectomy:
· Pharmacomechanical or mechanical devices.
· Often combined with PTA.
· Stent-grafts:
· For recurrent stenosis, venous rupture, pseudoaneurysm.
· Improve patency compared to PTA alone [3].

Surgical Interventions
· Revision of anastomosis.
· Patch angioplasty.
· Interposition graft.
· New access creation if previous site unsalvageable.

Complications and Management
· Infection: more common in grafts/catheters → requires antibiotics, removal.
· Steal syndrome:
· Risk factors: diabetes, peripheral arterial disease, brachial artery inflow.
· Management: banding, distal revascularization and interval ligation (DRIL), revision using distal inflow (RUDI).
· Aneurysms: due to repeated puncture → surgical repair or stent-graft.
· Central venous stenosis/occlusion: frequent in CVC patients → angioplasty, stenting, surgical bypass.

Follow-up and Surveillance
· Clinical monitoring: changes in thrill/bruit, difficulty cannulating.
· DUS surveillance: routine in high-risk patients.
· KDOQI recommendations: access surveillance + prompt intervention for stenosis before thrombosis occurs.

Guidelines
· KDOQI Guidelines (2019): individualized “ESKD Life-Plan,” balancing autogenous preference with patient comorbidities.
· ESVS Guidelines (2018): autogenous fistula first choice; stent-grafts for recurrent stenosis.
· SVS Guidelines: surveillance-driven intervention improves access longevity.

Tables
Table 18.1. Comparison of Vascular Access Options
	Access type
	Patency
	Infection risk
	Advantages
	Disadvantages

	AVF
	Best (50–70% at 5 yrs)
	Low
	Autogenous, durable
	Failure to mature

	AVG
	Moderate (30–50% at 3 yrs)
	Higher
	Usable earlier
	Thrombosis, infection

	CVC
	Worst
	Highest
	Immediate use
	Stenosis, infection
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Chapter 19. Mesenteric Ischemia (Acute and Chronic)

Background
Mesenteric ischemia represents a spectrum of disorders in which intestinal blood flow becomes insufficient to meet metabolic demand. It is classified into acute mesenteric ischemia (AMI) and chronic mesenteric ischemia (CMI).
· Acute mesenteric ischemia (AMI): rapidly progressive, often catastrophic, and associated with 50–80% mortality if diagnosis or revascularization is delayed. Causes include arterial embolism, arterial thrombosis, non-occlusive mesenteric ischemia (NOMI), and mesenteric venous thrombosis (MVT).
· Chronic mesenteric ischemia (CMI): also termed intestinal angina. Characterized by postprandial abdominal pain, weight loss, food fear, and progressive malnutrition. Typically caused by significant atherosclerotic stenosis of ≥2 major mesenteric arteries (CA, SMA, ± IMA).
· The 2025 ESVS Guidelines on Diseases of the Mesenteric and Renal Arteries and Veins give updated, evidence-based recommendations for both acute and chronic forms. PubMed+4ScienceDirect+4PubMed+4

Etiology and Risk Factors
· Arterial embolism: heart (AF, mural thrombus), cardiac surgery, valve disease.
· Arterial thrombosis: on existing atherosclerotic stenosis.
· Non-occlusive mesenteric ischemia (NOMI): low flow states (shock, sepsis, vasoconstrictors).
· Mesenteric venous thrombosis (MVT): hypercoagulable states, intra-abdominal inflammation, pancreatitis, cirrhosis.
· Risk factors: advanced age, cardiovascular disease, atrial fibrillation, hypotension, vasopressor therapy, renal dysfunction, diabetes, smoking.

Pathophysiology
· In AMI, sudden loss of arterial perfusion → intestinal ischemia, mucosal injury → transmural infarction if untreated. Bacterial translocation, sepsis.
· In NOMI, prolonged low perfusion → patchy ischemia without large vessel occlusion; severe morbidity.
· In CMI, chronic underperfusion leads to adaptation via collaterals, but when demand (after eating) increases, symptoms manifest. Progressive mucosal injury, malabsorption.
· In MVT, impaired venous outflow leads to congestion, edema, possibly infarction.

Clinical Presentation
· Acute: severe abdominal pain, often sudden; may have vomiting, diarrhea; pain out of proportion to physical examination initially. Signs of peritonitis later.
· Chronic: postprandial pain (“food fear”), weight loss, sometimes diarrhea, malnutrition. May have abdominal bruit, fear of eating.

Diagnostics
According to the 2025 ESVS Guidelines, the diagnostic approach includes:
Acute Mesenteric Ischemia (AMI):
· Immediate CTA (contrast-enhanced) of mesenteric arteries and veins to detect occlusion, bowel ischemia, pneumatosis, portal gas. ejves.com+2ejves.com+2
· Avoid delays; lab tests (lactate, WBC) are supportive but nonspecific.
Chronic Mesenteric Ischemia (CMI):
· CTA or contrast MRA to visualize stenoses in celiac artery (CA), superior mesenteric artery (SMA), inferior mesenteric artery (IMA). ScienceDirect+2ejves.com+2
· Functional tests (if available): gastric tonometry, mucosal perfusion; though guidelines emphasize imaging.
· Duplex ultrasound has limitations but may be adjunct in surveillance or low-resource settings.
Mesenteric Venous Thrombosis:
· CTA/MR venography.
· Laboratory hypercoagulability workup.

Treatment
Acute Mesenteric Ischemia
· Immediate resuscitation: aggressive fluid resuscitation; correction of hypotension; antibiotics if suspicion of bacterial translocation or bowel necrosis. The 2025 ESVS guideline now recommends use of antibiotics in AMI patients; the strength was downgraded from B to C due to evidence limitations. ejves.com
· Revascularization:
· Arterial occlusion (embolism or thrombosis): open surgical embolectomy or bypass if anatomy allows.
· Endovascular options: catheter-directed thrombolysis, mechanical thrombectomy, stenting in selected patients.
· Non-occlusive cases (NOMI): improve perfusion, reduce vasoconstrictors; sometimes vasodilator therapy.
· Mesenteric venous thrombosis: anticoagulation immediately; in severe cases, thrombectomy or lysis; surgery if infarcted bowel.
Chronic Mesenteric Ischemia
· Lifestyle and risk factor optimization: smoking cessation, control of hypertension, diabetes, hyperlipidemia.
· Revascularization: recommended for symptomatic CMI. According to 2025 ESVS:
· Endovascular treatment (angioplasty ± stent) preferred first line when technically feasible. ejves.com+2ScienceDirect+2
· Open surgical bypass (e.g., CA/SMA bypass) considered in patients with longer lesions, unfavorable anatomy, or after failed endovascular therapy. ejves.com+1
Median Arcuate Ligament Syndrome (MALS)
· Surgical intervention may be considered for selected patients with MALS (Class IIb, Level C).
· Laparoscopic or video-assisted retroperitoneal coeliac artery release may be considered the preferred surgical option (Class IIb, Level C).
· Surgery addresses the fundamental problem—extrinsic compression of the coeliac artery by the median arcuate ligament.
· Endovascular stenting is rarely indicated without prior decompression, as it does not relieve the external compressive force and has high restenosis risk.
· In select cases, hybrid treatment (MAL release + coeliac artery stenting) is considered when residual fixed stenosis persists after decompression.

Hybrid and Endovascular Techniques
· Stenting: use of balloon-expandable stents in CA or SMA when stenos is near the origin or if residual stenosis after angioplasty.
· Hybrid operations: e.g., CA decompression + stenting.
· Thrombolysis (for venous or mixed occlusions).

Follow-up
· After revascularization, imaging surveillance (CTA or Duplex) to assess stent patency.
· Clinical follow-up for nutrition, weight recovery.
· Monitor for restenosis, symptom recurrence.
· Guidelines recommend multi-disciplinary care (vascular surgeon, GI / nutrition).


ESVS 2025 Guidelines Key Recommendations
· 102 recommendations cover mesenteric arteries/veins, renal disease, visceral aneurysms dissection etc. PubMed
· For CMI: diagnosis should include CTA/MRA; endovascular preferred first line; open surgery reserved for certain patients. ScienceDirect+1
· For AMI: urgent diagnosis, antibiotics, prompt revascularization or surgical removal of necrotic bowel. ejves.com
· For mesenteric venous thrombosis: immediate anticoagulation, consider invasive therapy if severe.

Tables
Table 19.1. Comparison: Acute vs Chronic Mesenteric Ischemia
	Feature
	Acute Mesenteric Ischemia
	Chronic Mesenteric Ischemia

	Onset
	Sudden
	Gradual

	Symptoms
	Severe pain, vomiting, possible peritonitis
	Postprandial pain, weight loss, anorexia

	Mortality if untreated
	Very high (~80%)
	Low to moderate with treatment

	Diagnostic urgency
	Very high
	Less emergent

	Preferred revascularization strategy
	Open + endovascular
	Primarily endovascular, or open if needed



Table 19.2. Key ESVS 2025 Recommendations (Mesenteric Ischemia)
	Recommendation
	Class / Level (ESVS)
	Key Points

	Use CTA/MRA for diagnosis of CMI
	I / A or B
	High sensitivity/specificity

	Endovascular first-line for CMI when anatomy favorable
	I / B
	Less invasive, good outcomes

	Open surgery for long segment disease or in failed endovascular
	IIa / B
	Higher durability in certain lesions

	Immediate antibiotic therapy for AMI
	IIa / C
	Updated strength downgraded

	Anticoagulation for mesenteric venous thrombosis
	I / B
	Early initiation important
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Chapter 30. Modern Aspects and Future Directions in Vascular Surgery

Background
Vascular surgery has undergone a profound transformation in the past three decades, shifting from exclusively open procedures to endovascular and hybrid approaches. This evolution continues, driven by technological advances, big data, artificial intelligence (AI), and changing healthcare systems.
The “vascular surgeon of the future” will need to master open, endovascular, and hybrid techniques, understand new biomaterials and devices, and incorporate AI-based decision support, registries, and simulation into daily practice.

Current Modern Aspects
1. Endovascular Expansion
· EVAR, TEVAR, FEVAR, BEVAR, PMEG now standard for most aneurysms.
· Complex aortic repairs increasingly endovascular, with open reserved for select cases.
· SFA and iliac interventions dominated by drug-coated balloons (DCB), drug-eluting stents (DES), and bioresorbable scaffolds.
2. Hybrid Surgery
· Hybrid operating rooms allow simultaneous open and endovascular procedures.
· Examples: carotid stenting with open access, iliac conduits for EVAR, hybrid trauma (laparotomy + embolization).
3. Multidisciplinary Care
· Vascular surgery overlaps with cardiology, radiology, nephrology, oncology.
· Heart-team and vascular-team models becoming standard.
4. Personalized Medicine
· Molecular profiling (e.g., AAA rupture risk, venous thrombosis genetics).
· Targeted antithrombotic therapy.
· 3D printing for patient-specific device planning.

Emerging and Future Technologies
Artificial Intelligence (AI) and Big Data
· AI-based imaging analysis: automatic plaque morphology, aneurysm growth prediction, vessel sizing.
· Machine learning registries: Swedvasc, Vascunet, EVTM Registry.
· Clinical decision support systems: real-time guidance in the hybrid OR.
Robotics and Automation
· Robotic catheter navigation (Magellan, Corindus) → reduced radiation exposure.
· Robotic assistance in open/endovascular surgery under development.
Advanced Biomaterials
· Drug-eluting and bioresorbable stents.
· Next-generation covered stents with reduced thrombosis risk.
· Endovascular grafts with branched/fenestrated designs increasingly customizable.
Regenerative and Molecular Therapies
· Stem-cell therapies for critical limb ischemia (CLI).
· Gene therapy for arteriogenesis and angiogenesis.
· Targeted anti-inflammatory therapies in AAA and atherosclerosis.
Wearables and Remote Monitoring
· Smart compression garments with pressure sensors.
· Telemedicine for wound/ulcer care follow-up.
· Continuous BP and perfusion monitoring in vascular patients.

Education and Simulation
· Virtual reality (VR) and augmented reality (AR) for training and intraoperative guidance.
· 3D printed models for preoperative rehearsal (complex EVAR, FEVAR, trauma).
· AI-driven simulators for continuous skill assessment.

Global and Societal Aspects
· Aging population: vascular disease burden increasing worldwide.
· Global disparities: limited access to endovascular technology in LMICs (low- and middle-income countries).
· Sustainability: device reuse, cost-effective strategies, minimizing carbon footprint of vascular surgery.

Future Paradigms
· Total endovascular aortic surgery as default.
· EVTM fully integrated into trauma care worldwide.
· Hybrid vascular surgeon (open + endovascular + AI skills) as the new standard.
· Predictive vascular medicine using AI + genomics.
· Expanded use of minimally invasive devices even in emergency/field conditions.
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