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Chapter 1

PerIPherAL ArTerIAL oCCLuSIve dISeASe

Peripheral arterial occlusive disease (PAOD) is a condition in which a stenosis or occlusion of an 
artery results in impaired flow of oxygen-rich blood towards the extremities.1 PAOD is usually caused 
by atherosclerotic stenoses or occlusions that typically occur in the iliac, femoropopliteal and distal 
segments of the crural arteries.2, 3 Classical risk factors for developing PAOD are high age, male 
gender, smoking, hypertension, dyslipidemia and diabetes mellitus.3-6 Since PAOD is a manifestation 
of a systemic disease that affects the complete arterial system, patients with atherosclerosis carry an 
increased risk of cardiovascular events, such as ischemic stroke, myocardial infarction and death.3, 5

The clinical manifestation of PAOD varies widely and ranges from asymptomatic atherosclerosis 
to severe ischemic tissue loss. The severity of PAOD can be classified according to the clinical 
stages as described by Fontaine,7 or the grades and categories as defined by Rutherford.3 Both 
classification schemes are shown in Table 1. Symptomatic PAOD can manifest itself clinically as 
intermittent claudication (IC) or critical limb ischemia (CLI). Patients with IC typically present with 
ischemic pain, cramping or numbness in the lower extremity after a period of physical activity, which 
is relieved by rest. In patients with CLI, the ischemia is more severe and causes symptoms such as 
ischemic rest pain, non-healing wounds or tissue loss (gangrene). CLI is known to be associated 
with a high risk of limb loss and a poor quality of life.3, 5

Table 1. Classification of PAOD.

fontaine classification7 rutherford classification3

Stage Clinical manifestation Grade Category Clinical manifestation

I Asymptomatic 0 0 Asymptomatic

IIa
IIb

Mild claudication 
Moderate to severe claudication 

I 
I 
I

1
2
3

Mild claudication
Moderate claudication

Severe claudication

IC

III
IV

Ischemic rest pain 
Ischemic ulceration or gangrene

II
III
III

4
5
6

Ischemic rest pain
Minor tissue loss
Major tissue loss

C
LI

CLI: critical limb ischemia, IC: intermittent claudication

The diagnosis of CLI is confirmed by the presence of impaired arterial blood flow as detected by 
means of objective hemodynamic investigation in combination with clinical symptoms. Signs of 
CLI include an ankle systolic blood pressure less than 50 mmHg or a toe systolic blood pressure 
less than 30 mmHg.3, 5 In patients with diabetes these pressure measurements may be unreliable 
and falsely elevated due to arterial media calcification, potentially underestimating the severity of 
PAOD.3, 8 Transcutaneous oximetry  (transcutaneous oxygen pressure, or TcpO2) can be used to 
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assess the skin microcirculation. Additional information about the location and severity of the arterial 
obstruction can be obtained with color duplex scanning, computed tomography angiography (CTA) 
or magnetic resonance angiography (MRA) of the aorto-iliac, femoral and crural arteries.  

Currently, the diagnosis and treatment of CLI is based on the Trans-Atlantic Inter-Society Consensus 
Document on Management of Peripheral Arterial Disease (TASC II).3 The TASC II guidelines 
recommend adequate diagnostic staging and revascularization for all patients with CLI in order to 
prevent major amputation. Furthermore, all patients with symptomatic PAOD are advised to use a 
platelet aggregation inhibitor and a statin in order to lower their risk of cardiovascular events.5, 9 

The main revascularization options are percutaneous transluminal angioplasty (PTA) and open 
bypass surgery.10 PTA is an endovascular procedure in which a balloon is used to dilate an 
affected artery, with or without the use of an intravascular stent. Endovascular approaches are 
increasingly used due to technical advancements and their less invasive character. In open bypass 
surgery, autologous or prosthetic grafts are used to bypass the occluded artery. Despite technical 
advancements, revascularization is not always possible due to severe comorbidities or the absence 
of an outflow vessel.3, 11 Yet, even if technically feasible, the success of a revascularization is not 
guaranteed and additional procedures may be necessary. Also, revascularization procedures - as in 
any surgical procedure - are not without risks. A meta-analysis shows that the 30-day postoperative 
mortality rate after both endovascular and surgical femoropopliteal revascularization is approximately 
3% (Odds Ratio 0.92; 95% CI 0.55 to 1.51). Moreover, this meta-review reported a 30-day morbidity 
of 17% after endovascular revascularization and 33% after surgical revascularization (OR 2.93; 95% 
CI 1.34 to 6.41).12 According to some reports, the risk of amputation or death increases with each 
additional revascularization procedure, especially among patients with CLI.13

When there are no options for revascularization, primary amputation may be an appropriate 
management strategy, especially in patients with severe ischemic pain, extensive necrosis or serious 
infections.3 In addition to endovascular and surgical revascularization, ischemic wounds require 
local wound care and often antibiotics to promote healing. Interestingly, only few of these treatment 
options are supported by high-level evidence.14, 15

Although patients with CLI generally have a poor prognosis in terms of amputation-free survival 
(AFS), the outcome of CLI is unpredictable. Some patients will need a lower limb amputation despite 
a technically successful revascularization, whereas others who are not eligible for revascularization 
seem to carry on well.16, 17 Hence, it remains challenging to select the appropriate treatment strategy 
for the individual patient. Clinical judgement is essential to identify patients with a high likelihood 
of a poor outcome after revascularization. Yet, additional tools are necessary for a more precise 
outcome prediction. A better selection of patients would save unnecessary preoperative diagnostic 
and revascularization procedures. 
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Chapter 1

dIABeTIC fooT uLCerS

Besides ischemia, another major cause of wounds of the lower extremity is diabetes mellitus. The 
lifetime risk of developing a foot ulcer is 12 to 25% in patients with diabetes.18, 19 Diabetic foot 
ulcers (DFUs) have a multifactorial etiology in which peripheral neuropathy (sensory and autonomic), 
foot deformity, trauma, impaired resistance to infection, microangiopathy and arterial insufficiency 
are contributing factors.16, 17, 20-23 DFUs can be classified according to its underlying etiology as 
neuropathic, ischemic, or mixed neuro-ischemic. In addition, several systems have been developed 
to categorize DFUs and to predict their outcome.24-27 The Meggitt-Wagner and the University of 
Texas wound classification systems are among the most commonly used classification systems in 
the management of DFUs.24, 28 However, the absence of evidence on the reliability of these systems 
hampers the evaluation of wound healing and the comparison of research findings between studies.

DFUs are an important contributor to the total societal costs of diabetes, because these wounds take 
a long time to heal, frequently lead to hospitalization and may eventually necessitate amputation.29 
The prevalence of major amputation ranges between 0.5 and 5.0 per 1000 patients with diabetes, 
and is even higher in patients with concomitant PAOD.3, 30 Prevention of foot ulceration is crucial 
in patients with diabetes, especially when considering the risk of a lower limb amputation and its 
negative impact on the quality of life (QoL).31-33 Nabuurs-Franssen et al. demonstrated that the QoL 
in patients with DFUs is as low as the QoL of patients with recurrent breast cancer.33 Moreover, the 
five-year mortality of DFUs is even worse than for some types of malignancies, as shown in figure 1.

The treatment of diabetic foot ulcers tends to be complex and cumbersome. Current multidisciplinary 
treatment usually consists of pressure offloading, extensive wound care with surgical debridement, 
infection control, regulation of blood glucose and revascularization in case of concomitant PAOD.35-37 
Despite optimal treatment, complete healing of ischemic foot ulcers is accomplished in only 60% 
of the DFU patients after one year.38 Other therapies, such as the use of skin replacement products 
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figure 1. Five-year mortality rate (%) adapted from Armstrong et al.34
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or hyperbaric oxygen therapy (HBOT), have been suggested as potentially beneficial in addition 
to conventional treatment.39-41 Unfortunately, many treatments lack convincing evidence from well-
designed randomized clinical trials. 

hyperbaric oxygen therapy
HBOT is acknowledged as an effective treatment for decompression illness, severe carbon 
monoxide poisoning and arterial gas embolism. Since the 1960s, HBOT has been investigated 
as a treatment option for ischemic conditions.42 Patients are placed in an airtight cabin and are 
administered 100% oxygen for respiration at pressures of 1.5 – 3.0 atmospheres absolute (ATA). 
figure 2 shows the multiplace hyperbaric chamber in the Academic Medical Center (AMC), 
Amsterdam. In the compression chamber, the patient breathes oxygen through a mask or head tent. 
A typical course of HBOT involves 20 to 40 sessions, usually administrated as daily sessions lasting 
approximately 90 minutes. HBOT enhances tissue oxygenation by increasing the partial pressure 
of oxygen (pO2) in the blood and improving the diffusion gradient from the capillary.43, 44 Although 
HBOT can be regarded as a safe treatment modality, some patients may experience discomforts, 
such as ear pain, dizziness or reversible myopia. In rare cases, more severe complications such as 
a ruptured tympanic membrane, damage to the sinuses, an oxygen-induced generalized seizure or 
a pneumothorax may occur.44 HBOT has been used in the treatment of late radiation tissue injury 
and several types of chronic wounds.39, 45 Nevertheless, strong evidence for its (cost)-effectiveness 
is currently lacking for the treatment of ischemic wounds in patients with diabetes.39, 46-48 As the 
evidence on HBOT remains inconclusive, referral to a hyperbaric chamber is not part of routine care 
in vascular surgery. Yet, HBOT is reimbursed in the Netherlands for several indications including the 
treatment of DFUs.49

figure 2. The hyperbaric chamber in the AMC.
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Chapter 1

PATIeNT-CeNTered CAre 

In recent years, the concept of patient-centered care has gained interest.50 For patients with 
ischemic and diabetic wounds, and in the field of vascular surgery in general, several preference-
sensitive treatment options are conceivable.3 In these circumstances, the weighing of harms and 
benefits and the final treatment choice depend on the patient’s individual situation, goals and values. 
For example, surgical revascularization is always associated with the risk of complications like 
surgical site infections or occlusion of the bypass graft.51 The occurrence of these complications 
increases the length of hospital stay and may even result in worsening of the symptoms. Although 
the current guidelines recommend revascularization as initial treatment, some patients may prefer 
not to undergo revascularization after they have been informed about the possible benefits and 
harms of all treatment options.52 This calls for clinicians to actively involve patients in the decision-
making process and make treatment decisions together, based on patients’ values and preferences 
as well as best available scientific evidence.50, 53 

The shared decision making (SDM) process has been defined by Elwyn et al. as a three-step method 
for the decision-making encounter between physician and patient; 1) creating choice awareness 
(‘team talk’), 2) discussing treatment options (‘option talk’) and 3) discussing the patients’ preferences 
and making a decision (‘decision talk’).54 Patient involvement in treatment decision-making and the 
use of decision support tools to facilitate SDM have been shown to increase patient satisfaction and 
disease knowledge.52, 55 Moreover, SDM increases the likelihood that patients receive treatments 
that are consistent with their personal values. This may reduce overtreatment, increase treatment 
adherence and improve health outcomes.56-60 However, little is known about the extent to which 
SDM is currently applied in the field of vascular surgery. 

TheSIS ouTLINe

The aim of this thesis is to describe and evaluate advances in the treatment of ischemic and diabetic 
wounds of the lower extremity, with a focus on patient-centered surgical care. 

Chapter 2 provides a systematically produced overview of the available scientific literature on 
the effectiveness of all systemic therapies currently applied in wound care. By conducting this 
meta-review of the highest-level evidence available as derived from Cochrane systematic reviews, 
recommendations are provided for the systemic treatment of venous ulcers, acute wounds, pressure 
sores, diabetic ulcers and arterial ulcers. 
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Accurate classification of wounds is essential to evaluate the wound healing tendency and inter-
professional communication. In Chapter 3 the inter-observer agreement of the Meggitt-Wagner and 
University of Texas wound classification tools is evaluated. 

Novel therapies emerge continually for the treatment of DFUs. Different types of skin grafts and 
tissue replacements are currently available, most of which are bioengineered products. Chapter 4 
presents a Cochrane systematic review and meta-analysis of all trials assessing the effectiveness of 
skin replacement products in the treatment of diabetic foot ulcers. 

New therapeutic options should not only have a local healing effect on the patients’ ulcers, but should 
preferably also improve their quality of life. The Vascular Quality of Life (VascuQol) questionnaire is 
an instrument frequently used to measure health-related quality of life in patients with symptomatic 
PAOD. However, the measurement properties of the VascuQol and its underlying health dimensions 
have not been studied in depth. An evaluation of aspects of reliability and validity of the Dutch 
version of the VascuQol is presented in Chapter 5. 

Most contemporary research focuses on outcomes of invasive procedures for CLI, but few data are 
available on the outcomes of patients managed conservatively. Amputation-free survival and overall 
survival in patients with CLI who did or did not receive revascularization are assessed in Chapter 
6. Furthermore, the clinical characteristics associated with clinical outcomes in patients with CLI are 
explored in this chapter. 

Chapter 7 assesses the current evidence for HBOT in the treatment of diabetic foot ulcers. In 
Chapter 8 the design and rationale for the DAMOCLES trial are presented. The DAMOCLES trial 
is a multicenter, randomized study in which diabetic patients with an ischemic foot ulcer were 
randomly assigned to HBOT in addition to standard care versus standard care alone. The aim of 
the DAMOCLES trial was to assess the (cost)-effectiveness of HBOT in the treatment of ischemic 
diabetic foot ulcers. The results of the DAMOCLES trial are presented in Chapter 9. 

The last section of this thesis focuses on patient-centered care in vascular surgery, given the 
preference-sensitivity of the treatment options in symptomatic PAOD. In Chapter 10 the current level 
of SDM in consultations with vascular surgeons is evaluated. Chapter 11 explores the decision-
making preferences of patients visiting the vascular surgical outpatient clinic. In this mixed-methods 
study we evaluated the patients’ preferred and experienced levels of involvement in decision-making 
consultations.

Finally, Chapter 12 is a summary of the main findings presented in this thesis and a discussion of 
the future perspectives is presented in Chapter 13. 
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