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PERIPHERAL ARTERIAL DISEASE 

Peripheral arterial disease (PAD) is a manifestation of systemic atherosclerosis. The 

spectrum of disease ranges from asymptomatic through intermittent claudication to 

severe critical limb ischemia. Intermittent claudication (IC) is characterized by lower 

extremity muscle pain induced by exercise which is relieved by a short period of rest. 

Critical limb ischemia (CLI) is a more severe manifestation of PAD and characterized 

by pain at rest or presence of non-healing ulcers and gangrene, or a combination. 

DIAGNOSIS 

The diagnosis of PAD is based on patient’s medical history and clinical examination. It 

should be confirmed by an ankle/brachial index (ABI) <0.9 to differentiate between 

PAD and other non-vascular causes of leg pain. Imaging is only necessary when 

invasive treatment is considered. Basically, in patients with intermittent claudication 

imaging is unnecessary, since the first step in treatment is supervised exercise 

therapy. 

When supervised exercise therapy fails or in case of CLI, localization of obstructive 

lesions with non-invasive imaging techniques is indicated. Color doppler ultrasound 

(duplex) is a widely available and often used technique. The sensitivity for the 

detection of a >50% stenosis or occlusion ranges from 60 to 95%, with a lower 

accuracy in the more distal vessels. The specificity is very high, about 95 to 99%.1,2 

In comparison with other imaging modalities, evaluation of the whole leg by duplex 

has the highest effectiveness at the lowest costs.3 

Magnetic resonance angiography (MRA) is another accurate non-invasive imaging 

modality. The sensitivity for detecting of a > 50 stenosis or occlusion is high, 98% 

(ranging from 92% to 100%). The specificity is also high, 96% (ranging from 91% to 

99%).2,4,5 A major advantage of MRA is that it does not require radiation to obtain 

images. However, there are contraindications for MR imaging, like metal implants, 

including pacemakers and vascular stents, and claustrophobia. Moreover, gadolinium 

containing contrast agents are needed for visualization of the vessels, which can lead 

to potentially life-threatening nephrogenic systemic fibrosis in patients with renal 

failure.6 

 

Computed tomography angiography (CTA) is another non-invasive imaging modality 

for PAD. The sensitivity for detecting a > 50 stenosis or occlusion is 92% (95% 

confidence interval (CI) 89-95%) and the specificity is 93% (95% CI 91-95%).7 CTA 

requires radiation and use of iodine based contrast agents, which are potentially 

nephrotoxic. 
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Non-invasive imaging modalities have replaced intra-arterial digital subtraction 

angiography (iaDSA), an invasive imaging modality, for localization of lesions in 

patients with PAD. iaDSA is rarely indicated to establish a definitive diagnosis, but is 

considered when a patient is referred for a therapeutic intervention in the same 

session. Traditionally in research, iaDSA is considered the ‘reference standard’ for 

detecting stenoses or occlusions. 

 

As the diagnostic accuracy of all different imaging modalities is comparable, the 

choice between them is based on the combination of potential side effects, 

contraindications, availability, cost-effectiveness, and expertise in execution and 

interpretation of the test. 

TREATMENT 

Restoration of blood flow to the peripheral arteries is usually necessary in treatment 

of progressive intermittent claudication and CLI. This implies invasive 

revascularization. In selected patients, conservative treatment can be considered. At 

the same time, modification of risk factors is needed to reduce morbidity and 

mortality due to other atherosclerotic manifestations, namely stroke and myocardial 

infarction. This so-called secondary prevention includes smoking cessation, blood 

pressure lowering, and statin and antiplatelet therapy.8 

 

Percutaneous transluminal angioplasty (PTA) is the least invasive option to restore 

blood flow. PTA to overcome a stenosis or short occlusion is a widely available and 

established technique. Subintimal angioplasty (SA) is an established yet still not 

widespread procedure which can be attempted in longer occlusions.9,10 SA includes 

the creation of a dissection proximal of the occlusion between the intima and media 

of the artery and re-entry into the lumen of the vessel distal to the occlusion. In the 

newly created pathway, a balloon angioplasty is performed. Stent placement can be 

considered in case of a residual stenosis.11 The exact value of SA in terms of 

technical and clinical success, patency and limb salvage, is unclear. 

Very long occlusions or extensive lesions are not suitable for endovascular 

revascularization.12 Unless contraindicated, these patients are treated surgically by 

constructing a bypass or an endarterectomy. 

 

There is not much evidence on the relative effectiveness of different methods of 

revascularization for CLI. One randomized controlled trial evaluated the outcome and 

costs of percutaneous treatment versus surgical revascularization in patients with CLI. 

Many eligible patients were excluded because vascular surgeons and interventional 

radiologists jointly considered patients not suited for both treatments. Results on 
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limb salvage, quality of life and survival after one year in the patients who were 

included, were equal. However, costs of the angioplasty first option were lower as 

were the complication rates.13 In current practice, the choice between percutaneous 

or surgical revascularization depends on lesion characteristics, patient characteristics 

and expertise and preference of the treating physician and patient.14 

 

In end-stage CLI, an amputation can be performed at different levels of the lower 

limb. Indications for amputation include absence of a suitable vein for bypass grafting, 

poor pre-operative status (dementia, impaired ambulatory status), widespread 

infection that threatens the patient’s life, non controllable rest pain, and extensive 

necrosis. The level of amputation depends on the extent of disease and expected 

level of rehabilitation.15,16 The place of a percutaneous intervention in patients with 

large and complex lesions unsuitable for surgery is unknown. 

 

Other therapies for CLI, like hyperbaric oxygen therapy, spinal cord stimulation, 

iloprost and arterialization of veins, are outside the scope of this thesis. 

OUTCOME 

Outcome of treatment can be assessed using different measures of effect. 

Traditionally, doctor-observed parameters, like walking distance, ankle/brachial index, 

and patency are frequently used. However, improvement of quality of life can be 

regarded as an important goal of treatment for a patient. Quality of life in PAD can be 

measured with generic questionnaires, like the SF36, and disease-specific 

questionnaires, like the Vascular Quality of Life questionnaire (VascuQol). The 

VascuQol is a sum-score based instrument, consisting of 25 items on five domains, 

i.e. pain, activity, emotional, symptoms, and social. Recently, the AMC Linear 

Disability Score (ALDS) has been developed. This new, generic instrument focuses on 

level of disability in terms of ability to perform activities of daily life in chronically 

diseased patients. The instrument has already been evaluated in patients with 

various chronic diseases, like rheumatoid arthritis, stroke and Parkinson’s disease.17-

19 The ALDS is, in contrast to traditional instruments, based on the item-response 

theory. The item-response theory (IRT) allows efficient and precise testing. Moreover, 

this method makes it possible to present different sets of items to different groups of 

patients while the measurements remain comparable, since all of the items have 

been calibrated. A plain clarification of the IRT can be found in Appendix 1. In 

patients with PAD, the ALDS could be a promising instrument to measure the 

effectiveness of therapy. 
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AIM AND OUTLINE OF THIS THESIS 

This thesis is focused on the diagnosis, treatment and outcome of patients with 

different stages of PAD. 

The main objectives of this thesis are: 

• to systematically review the literature on the diagnostic performance of CTA in 

comparison with DSA 

• to evaluate different therapies for critical limb ischemia, including end-stage 

critical limb ischemia. 

• to evaluate the clinimetric properties of ALDS in patients with PAD 

• to evaluate level of disability and activities of daily life in patients with CLI 

 

In chapter 2, a systematic review and meta-analysis of studies comparing the 

diagnostic accuracy of computed tomography angiography with digital subtraction 

angiography for assessment of peripheral arterial disease is presented. Critical limb 

ischemia often requires revascularization. A relatively infrequently used, yet effective 

technique is subintimal angioplasty, also known as percutaneous intentional 

extraluminal revascularization (PIER). In chapter 3, the results are presented of a 

systematic review about the clinical outcomes of SA for peripheral arterial disease. 

Many patients with advanced CLI are not suitable for surgical revascularization. 

Chapter 4 describes the results of SA in such patients to achieve limb salvage. 

However, there still will be patients who need an amputation. Chapter 5 describes 

the functional results after through-knee and above-knee amputations, focused on 

the question whether more length of stump means a better outcome. 

Every treatment needs evaluation. What is the main reason to treat a patient with 

peripheral arterial disease? And what is the best outcome measure to determine the 

success of treatment? Chapter 6, we try to answer these questions. Chapter 7 

shows the results of a pilot study with a new instrument, the AMC linear disability 

score (ALDS), to measure disability in patients with peripheral arterial disease. In 

chapter 8 the baseline results are presented of a subsequent study with the ALDS in 

a larger, prospective cohort of patients with critical limb ischemia. Finally, chapter 9 

presents a summary and integrates the main findings of the previous chapters in a 

general discussion on treatment and treatment evaluation of critical limb ischemia. A 

summary and discussion in Dutch conclude this thesis. 



Chapter 1 

 

 14 

REFERENCES 
1. Koelemay MJ, den Hartog D, Prins MH, Kromhout JG, Legemate DA, Jacobs MJ. Diagnosis of 

arterial disease of the lower extremities with duplex ultrasonography. Br J Surg. 1996;83(3):404-

409. 

2. Visser K, Hunink MG. Peripheral arterial disease: gadolinium-enhanced MR angiography versus 

color-guided duplex US – a meta-analysis. Radiology. 2000;216(1):67-77. 

3. Collins R, Cranny G, Burch J, et al. A systematic review of duplex ultrasound, magnetic resonance 

angiography and computed tomography angiography for the diagnosis and assessment of 

symptomatic, lower limb peripheral arterial disease. Health Technol Assess. 2007;11:1-202. 

4. Koelemay MJ, Lijmer JG, Stoker J, Legemate DA, Bossuyt PM. Magnetic resonance angiography for 

the evaluation of lower extremity arterial disease: a meta-analysis. JAMA. 2001;285(10):1338-

1345. 

5. Nelemans PJ, Leiner T, de Vet HC, van Engelshoven JM. Peripheral arterial disease: meta-analysis 

of the diagnostic performance of MR angiography. Radiology. 2000;217(1):105-114. 

6. Kallen AJ, Jhung MA, Cheng S, et al. Gadolinium-containing magnetic resonance imaging contrast 

and nephrogenic systemic fibrosis: a case-control study. Am J Kidney Dis. 2008;51(6):966-975. 

7. Heijenbrok-Kal MH, Kock MC, Hunink MG. Lower extremity arterial disease: multidetector CT 

angiography meta-analysis. Radiology. 2007;245(2):433-439. 

8. Bendermacher BL, Willigendael EM, Teijink JA, Prins MH. Medical management of peripheral 

arterial disease. J Thromb Haemost. 2005;3(8):1628-1637. 

9. Bolia A, Miles KA, Brennan J, Bell PR. Percutaneous transluminal angioplasty of occlusions of the 

femoral and popliteal arteries by subintimal dissection. CardioVasc Interv Radiol. 1990;13(6):357-

363 

10. Reekers JA, Kromhout JG, Jacobs MJ. Percutaneous intentional extraluminal recanalisation of the 

femoropopliteal artery. Eur J Vasc Surg. 1994;8(6):723-728. 

11. Reekers JA, Bolia A. Percutaneous intentional extraluminal (subintimal) recanalization: how to do it 

yourself. Eur J Radiol. 1998;28(3):192-8.  

12. Norgren L, Hiatt WR, Dormandy JA, Nehler MR, Harris KA, Fowkes FG. Inter-Society Consensus for 

the Management of Peripheral Arterial Disease (TASC II). Eur J Vasc Endovasc Surg. 2007;33(1 

Suppl):S1-S75. 

13. Adam DJ, Beard JD, Cleveland T, et al. Bypass versus angioplasty in severe ischaemia of the leg 

(BASIL): multicentre, randomised controlled trial. Lancet. 2005;366(9501):1925-1934. 

14. Bradbury AW, Bell J, Lee AJ, et al. Bypass or angioplasty for severe limb ischaemia? A Delphi 

Consensus Study. Eur J Vasc Endovasc Surg. 2002;24(5):411-416. 

15. Taylor SM, Kalbaugh CA, Blackhurst DW, et al. Determinants of functional outcome after 

revascularization for critical limb ischemia: an analysis of 1000 consecutive vascular interventions. 

J Vasc Surg. 2006;44(4):747-755. 

16. Landry GJ. Functional outcome of critical limb ischemia. J Vasc Surg. 2007;45 Suppl A:A141-148. 

17. Weisscher N, Wijbrandts CA, de Haan R, Glas CA, Vermeulen M, Tak PP. The Academic Medical 

Center Linear Disability Score item bank: psychometric properties of a new generic disability 

measure in rheumatoid arthritis. J Rheumatol. 2007,34(6):1222-1228. 

18. Weisscher N, Vermeulen M, Glas CA, Roos YB, de Haan RJ. The AMC Linear Disability Score 

itembank: a new generic disability measure in stroke. In: Weisscher N, Thesis: The AMC Linear 

Disability Score (ALDS): Measuring disability in clinical studies. Amsterdam 2008,81-92. 

[http://dare.uva.nl/record/270674 

19. Weisscher N, Post B, de Haan RJ, Glas CA, Speelman JD, Vermeulen M. The AMC linear disability 

score in patients with newly diagnosed Parkinson disease. Neurology. 2007,69(23):2155-2161.




