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11.1  Peripheral arterial disease

Peripheral arterial disease (PAD) in this manuscript is restricted to atherosclerotic disease of 
the lower limb arteries. PAD can be either asymptomatic or symptomatic. Asymptomatic 
patients have a decreased ankle-brachial index (ABI) without complaints of pain in the lower 
limbs, possible due to inactivity and thus not exerting themselves to such an extent that 
pain is experienced. Symptomatic PAD often starts with intermittent claudication (IC), 
where pain is experienced in the calves on exercise and subsides with rest. It is estimated 
that 9.3% of patients with asymptomatic PAD, will progress to IC within 5 years’ time.1 
PAD can progress to critical limb ischemia, where pain occurs in rest and might eventually 
progress to ulceration, gangrene and possible amputation. Functional impairment due to 
PAD increases the risk of hospitalization, nursing home placement and mobility loss.2–5  
Globally it is estimated that approximately 200 million people are affected by PAD.6 
However this number might be even greater, whereas patient and clinical awareness of 
the disease is poor. Underdiagnosing PAD is likely, particularly in non-western countries.7 
The incidence of PAD increases with age, estimated at 5% at the age of 45-49 years and 
increasing to 18% at the age of 85-89 years.6 The fact that live-expectancy is ever increasing, 
even among patients with multiple comorbidities, results in a greater increase in incidence.  
It is well known, that the most important risk-factor in developing PAD is smoking. 
Smoking increases the risk by two-fold compared to a non-smoker. Furthermore, the 
greater the amount smoked, the greater the risk.8 Another important contributor to the 
development of PAD is diabetes mellitus (DM). DM also generates a two-fold increased 
risk in intermittent claudication. However, the relative risk of developing chronic limb 
ischemia due to DM is much greater, with a fivefold higher risk of major amputation.9 
Other risk factors are dyslipidaemia, where total cholesterol, low HDL-cholesterol levels 
and total cholesterol to HDL-cholesterol ratio are the most relevant predictors in PAD.10-12

High systolic blood pressure is also a known predictor in the development of PAD, whereas 
diastolic blood pressure is not.11,12 The limitations in mobility and the pain experienced has 
a great influence on the quality of life in patients diagnosed with PAD. Both asymptomatic 
and symptomatic PAD have an equal burden as any other cardiovascular disease in the 
quality of life.13 Obviously, patients with CLI experience a heavier burden in quality of 
life when compared to patients with IC, with regard to discomfort caused by pain.14 

Although, one might  expect a negative progression of the disease over time, subjectively 
50% of patient with IC will experience similar complaints after 2 years and 25% will 
even improve.15 However when objectively measured, walking ability is often declined.16,17 

Discrepancy between subjective improvement and objective worsening of walking ability 
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1 might be explained by development of collaterals, decreased neuronal sensitivity due to 
(diabetic) neuropathy or metabolic adaptation of ischaemic muscles.6 Nonetheless, PAD 
is not to be underestimated, whereas the risk of cardiovascular mortality in patients with 
an ABI <0.90 is two- to threefold higher when compared to controls.18,19

1.2  Diagnosis and classification

Ankle-brachial index (ABI) is calculated using the ratio of the highest systolic ankle 
pressure of either dorsalis pedis artery or posterior tibial artery, and systolic pressure of 
the brachial artery, in the arm with highest systolic pressure (avoiding bias of a potential 
subclavian stenosis). Normally the ABI in a healthy individual is >1 (1.10-1.25), however 
an ABI >1,4 is unreliable and can be caused by calcified arteries in progressed PAD. An 
ABI <0,9 is considered abnormal and indicative of PAD. As a diagnostic tool the ABI has a 
sensitivity of 80% and specificity of 95%. To objectively measure functional limitations in 
PAD, an exercise treadmill ABI is measured to establish PAD in patient with a borderline 
normal ABI in rest.  Whereas ABI will decrease in patients with PAD and keep a steady or 
increased index in healthy individuals. If an ABI is measured > 1,40 due to stiff/calcified 
arteries a TBI (toe-brachial-index) can be of added value.  If revascularization is considered, 
addition imaging is needed to determine location and severity of stenosis or occlusion 
to determine plan of approach. The modalities used are duplex, CTA and/or MRA.20  
Classification systems of PAD are based on either clinical presentation, anatomic 
distribution of disease or a combination of clinical factors such as presence of infection 
and wounds.21 The American College of Cardiology/American Heart Associations Practice 
guidelines divides the clinical presentations of PAD in four categories; asymptomatic, 
intermittent claudication (IC), critical limb ischemia (CLI) and acute limb ischemia 
(ALI).22,23 The first classification based on symptomatic presentation is formulated by 
the society of cardiovascular surgery in 1952 and published by Fontaine et al.21,24 The 
Fontaine classification divides clinical symptoms in four categories; I asymptomatic, IIa 
claudication at a distance > 200 meter, IIb claudication at a distance < 200 meter, III rest 
pain, IV necrosis and/or gangrene of the limb.21,24 Rutherford adapted the symptomatic 
classification in 1986 and allocated classification to either acute or chronic limb ischemia. 
Furthermore,  clinical symptoms in chronic limb ischemia were also associated with 
objective non-invasive measurements such as doppler, arterial-brachial-index and pulse 
volume recordings.25,26 Acute limb ischemia was divided in viable, threatened or irreversible 
damage to the limb. The Trans-Atlantic Inter-Society Consensus Document II (TASC 
II) is a consensus formulated in 2000 by vascular surgeons, interventional radiologists 
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1and cardiologists to provide a recommendations regarding clinical evaluation, diagnosis, 
treatment, and follow-up in patients with symptomatic PAD.21,27 Lesions are divided in 
the anatomical categories aorto-iliac and femoral popliteal. Classification is distributed 
in 4 specific groups and are assigned treatment algorithms (endovascular vs surgical). 
TASC II A lesions have excellent results when treated endovascularly, TASC II B lesions 
are also recommended to be treated endovascularly, TASC II C have better long-term 
patency when treated surgically when compared to endovascular management. TASC 
II D should be treated with open surgery.21 However, due to ongoing improvement in 
endovascular techniques and materials, some TASC II D lesions can potentially by treated 
endovascularly as an alternative.21,28–30  

 
1.3  Medical therapy

When diagnosed with PAD, lifestyle changes and structured exercise therapy are needed 
to limit the progression of the disease. Furthermore, cessation of smoking is paramount, 
therefor physicians should refer patients to a smoking cessation program or assist in 
quieting by prescribing pharmacotherapy (nicotine replacement therapy or varenicline) 
and provide counseling. Optimal glycemic control and antihypertensive therapy are also 
of great importance in patients with PAD to decrease the risk of a cardiovascular event 
(Stroke, MI and cardiovascular death).20 To further limit the progression, it is recommended 
to start antiplatelet therapy (aspirin or clopidogrel monotherapy) and statin agents.31–34  

 
1.4  Supervise exercise therapy

Supervised exercise therapy (SET) is the initial treatment of IC. It is well established that 
SET is an effective treatment in prolonging peak walking distance (PWD), claudication 
onset time (COT) and reduce the risk for major cardiovascular event in the future.5,35–37 
Furthermore, supervise exercise therapy is significantly more effective that unsupervised 
exercise therapy.38,39 Patients participating in SET have to exercise under supervision for 
at least three times per week. Exercise regimen should by tailored, and gradually increased 
up to an exercise duration of at least 30 minutes. Patients need to be stimulated to walk 
until near maximal pain, if the pain does not occur within 10 minutes, walking speed 
or inclination of the treadmill should be adjusted. Stopping when pain arises is allowed, 
however when the pain is subsided, exercise should be resumed.5 Regrettably, SET is often 
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1 inaccessible for patients with PAD due to reimbursement issues and the requirement to 
travel to an exercise center three times per week. Furthermore, even if SET is reimbursed 
in a research program, patients still decline participation.40 Fifty percent of patients refuse 
participation due to lack of interest, whereas 19 percent stated that participating in SET 
is inconvenient.5,40 Even though SET is a proven treatment strategy, 2/3th of the patients 
are not motivated to participate.5,40 Whereas SET in not always provided by clinicians 
due to costs initiating and maintaining SET as a service, clinicians often result to PTA 
as first treatment.41 However, PTA should be reserved as an option to fall back on when 
unresponsive to SET.37,42 Though, with regard to initial treatment, recent studies also 
demonstrate that the best possible outcome, increasing PWD and COT, is achieved when 
SET is combined with PTA.35,36 It is however discouraged to use PTA as an initial therapy 
without SET. 

 
1.5  Endovascular revascularization

Endovascular revascularization comprises several techniques, namely angioplasty (balloon 
dilatation), stents and atherectomy.20 Improvement of operating skills created a shift to 
endovascular interventions (opposed to open surgery) and stimulated the continuous 
evolution of endovascular technology and techniques. Improvement in sheaths, wires, 
catheters, (cutting) balloons, (covered) stents, drug eluting devices (stents and balloons), 
and debulking tools created the up rise of the endovascular-first strategy, even in complex 
TASCII D lesions.20,43 Choosing the right technique and approach in the endovascular 
strategy depends on several lesion characteristics (anatomic location, degree of calcification, 
lesion length) and skill of the vascular surgeon/interventional radiologist. However, 
revascularization will only be considered if clinical presentation is objectified by abnormal 
ABI and a hemodynamically significant stenosis on imaging, proving limited perfusion to 
the distal limb. 

 
1.6  Radiation

Endovascular revascularization is not without risk. Distal embolization, hematoma, 
infection, blood loss and arterial injury are few of the possible complications during 
or after an intervention. Furthermore, there are the deterministic and stochastic effects 
of ionizing radiation. The short-term deterministic complications such as tissue injury 
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1(erythema, edema, skin necrosis, ulceration) can occur when exposed to 2 Gy or more.44 
Whereas stochastic effects, resulting in neoplasms, often take years to reveal and in many 
occasion are the result of repeated exposure. The risk developing a solid tumor related to 
radiation is increased up to 42-170% per sievert.45,46 However, long-term cancer risk in 
the affected population requiring an endovascular intervention is often of little relevance 
due to advanced age. Guidelines are established by the National Council on Radiation 
Protection and Measurements (NCRP) to limit radiation dosage used. Dose area product 
(Gy*cm2) is considered substantial when >500Gy, Skin dose >3 Gy, fluoroscopy time > 60 
min.46,47 Radiation dose is related to several characteristics such as operator skills, patient 
characteristics, lesion complexity and used equipment.44,48 Furthermore, anatomical 
location plays an important role in radiation dose. Imaging arteries deeply embedded in 
soft tissue require a greater radiation dosage to penetrate body mass when compared to 
superficial arteries.44,46,49,50 For instance the dosage used in imaging pelvic arteries can be 
as high as 620% when compared to below-the-knee interventions.44 Moreover, increased 
BMI can result in an 3-fold increased radiation dosage in endovascular procedures.46,51Even 
though clinical relevant radiation effects in the population diagnosed with PAD and 
treated endovascularly are often limited, it is recommended that the procedure-related 
radiation dose always is “as low as reasonably achievable” (ALARA).     

 
1.7  Contrast induced nephropathy 

Conventional endovascular procedures require the use of nephrotoxic iodine contrast, 
foremost affecting patients with a compromised renal function. Contrast induced 
nephropathy (CIN), defined as > 25% increase in serum creatinine or 44 umol/L within 
3 days of intervention, often comes apparent 2-5 days post administration of the iodine 
contrast. CIN might lead to an increased length of hospital stay and is associated with 
increased morbidity and mortality.52–54 Fortunately, most often decline in renal function 
will restore within one year to pre-intervention level, less than one percent of patients with 
CIN will have lasting effects.53,54 Independent risk factors in de development of CIN are: 
heart failure, anemia, critical limb ischemia, diabetes mellitus, over- and underweight.55,56 
To protect and decrease possibility of CIN, patients with decreased renal function (<30ml 
per min/1.73 m2) generally receive pre- and postintervention intravascular volume 
expansion using isotonic saline. Alternative measures are explored to replace iodine 
contrast altogether in the prevention of CIN. CO2 is used as contrast agent, however 
still relying on ionizing radiation. Another solution treating patients endovascularly and 
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1 who are afflicted with chronic renal failure is duplex guided percutaneous endovascular 
intervention (DuPTA). DuPTA enables performance of an endovascular intervention of 
the lower extremities, without relying on either ionizing contrast or nephrotoxic iodine 
contrast.   

 
1.8  Biomarkers

CIN is detected 2-5 days after iodine contrast is administered. However, patients treated 
endovascularly are often discharged one day post intervention. Although patients are 
requested to assess serum creatinine three days post intervention, this is often dismissed. 
Therefor CIN might be missed, potentially causing irreversible damage. Moreover, serum 
creatinine in an healthy person is not suitable as a diagnostic tool, whereas 50% of the 
glomerular filtration rate (GFR) must be lost before fluctuations in serum creatinine can 
be detected.57–59 To address these limitations, research was initiated in the past decade 
regarding the effect of biomarkers in acute kidney injury (AKI). Several promising 
biomarkers, such as NGAL, TIMP-2, IL-18 are identified enabling us to detect AKI in 
an early state.57,60–62 Moreover, these biomarkers might enable us to identify patients with 
CIN before discharge and give the opportunity initiate preventive measures to halt further 
renal decline. 

 
1.9  Aims and outline of this thesis

Peripheral arterial disease is increasingly prevalent worldwide, whereas correlated risk 
behavior is easily accessible, sedentary lifestyle is the norm and life expectancy with 
multiple comorbidities is increasing. Comorbidities such as CKD and CHF complicate 
and limit treatment options. Research and resourcefulness are required to optimize result 
and minimize risk, whereas treatment of PAD is not without risk. In the consideration of 
treatment strategies, we need to take in account success rate of intervention, side effects 
and wonder whether the possible benefits outweigh the risks. To optimize result and 
quality of life it is important to improve a patient’s awareness of the disease and make them 
aware and accountable for possible disease progression and deterioration in functionality 
and quality of life. The aim of this thesis is to optimize outcome and minimize the risk 
in the treatment of PAD. Harmful effects of endovascular interventions are established; 
alternative preventive measures researched and an appeal on a patient’s own responsibility 
is attempted.  
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1Chapter two evaluates long-term renal function one year after exposure to iodine contrast 
media due to an endovascular intervention of the lower extremities in patients with 
intermittent claudication, when compared to a control group participating in supervised 
exercise therapy.  

To evaluate whether endovascular interventions in patient with chronic limb ischemia 
would also result in long-term loss of kidney function, patients were compared to a 
comparable population with chronic limb ischemia treated with open surgery in chapter 
three. 

Beside the possible harmful effects of iodine contrast, ionizing radiation is required for 
imaging of the arteries. The short- and long-term effects of ionizing radiation are well 
known. Chapter four is dedicated to determine whether anatomic location, patient 
characteristics and multilevel disease are significantly affecting dose area product, peak 
skin dose, fluoroscopy time and volume of contrast. 

In the attempt to protect the patient against iodine contrast and ionizing radiation a 
randomized controlled trial was constructed comparing conventional percutaneous 
endovascular interventions of the iliac arteries to duplex guided percutaneous endovascular 
intervention (DuPTA). Chapter 5 evaluated whether perioperative success of a DuPTA 
is non-inferior to a conventional procedure in the treatment of iliac TASC II A/B lesions. 
Chapter 6 compares the effect both interventions have on short- and long-term renal 
function. 

Patients with diminished kidney function and in need of an endovascular intervention 
are treated with hydration therapy. Volume expansion with saline increases diuresis and 
decreases the toxic effect of iodine contrast. However, there is always the risk of pulmonary 
edema and electrolyte disturbances. Chapter 7 is a research protocol were the Renalguard 
is introduced to create furosemide forced diuresis (> 300 ml/h) with direct feedback 
regulating volume of saline that is administered, creating high renal flow without risk of 
pulmonary edema. Furthermore, this protocol evaluates whether urine biomarkers are a 
valid tool in early detection of CIN, when compared to serum creatinine.  

However, the best way of treating patients with PAD is to recognize and treat the disease 
early on. When symptoms aren’t progressed to critical limb ischemia, ulceration or 
necrosis. The first step in treatment of intermittent claudication is supervised exercise 
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1 therapy (SET). It is well known that adherence is low, whereas the therapy in its self 
can be very successful. In chapter 8 a study was performed to pinpoint what causes low 
adherence. A questionnaire was sent to 200 patients with questions regarding behavior 
and attitude towards SET, in an attempt to identify what is needed to increase adherence 
to SET and optimize its result.   
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Abstract 

Background. Administration of radiocontrast during endovascular procedures for 
peripheral arterial disease may cause acute kidney injury, which generally recovers with 
supportive treatment. Long-term effects of endovascular procedures on renal function 
remain to be investigated. 

Method. This retrospective observational cohort study includes all patients who newly 
presented to the vascular surgery outpatient clinic with rutherford class II or III peripheral 
arterial disease and who were treated with either supervised exercise therapy or endovascular 
interventions. Changes in estimated glomerular filtration rates (eGFR) after one year 
were compared between the two treatment groups. Multivariate regression analysis and 
propensity score-matched paired analysis was done to correct for potential confounders. 

Results. One year after treatment, eGFR was reduced by 8.6 mL/min (95%CI: 7.3 – 9.9, 
P<0.001) after endovascular intervention (N=284) and by 1.7 mL/min (95%CI: 0.9 – 
25, P<0.001) after supervised exercise therapy (N=299). After correction for potential 
confounders, endovascular interventions were associated with 9.2 mL/min (95%CI: 5.9 
– 12.4, P<0.001) more renal decline as compared to exercise therapy. Similar results were 
found in the propensity score-matched paired analysis. 

Conclusion. Endovascular procedures for peripheral arterial disease are associated with 
clinically relevant and long-term loss of kidney function. 
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Introduction 

Peripheral arterial disease (PAD) is a common disease with an increasing prevalence. Patients 
may present with intermittent claudication and rest pain or tissue loss due to critical 
limb ischemia. Intermittent claudication may be treated with supervised exercise therapy 
(SET) or with endovascular interventions. Although long-term effects on walking distance 
and quality of life of these treatment modalities are similar, endovascular interventions 
result in instant restoration of blood flow and faster resolution of symptoms.1 However, 
these invasive procedures are associated with complications including contrast-induced 
nephropathy. 

The past decade has witnessed increasing awareness of acute kidney injury (AKI) after 
various studies have demonstrated that relatively small increases in serum creatinine 
concentration are associated with increased in-hospital mortality.2 Acute kidney injury 
may be caused by a combination of ischemia, sepsis and administration of nephrotoxic 
agents including radiocontrast. Although renal function generally recovers with supportive 
therapy, patients with acute kidney injury remain at increased risk of long- term renal 
insufficiency.3 In particular, patients with fast decline of glomerular filtration rate (>4 mL/
min/year) are at increased risk of cardiovascular disease and death.4 

Although the acute effects of radiocontrast administration on renal function have been 
well studied, long-term effects of endovascular interventions for peripheral arterial 
disease remain to be investigated. Therefore, we studied whether endovascular treatment 
of intermittent claudication is associated with long-term loss of renal function and 
which individuals are at increased risk of adverse renal outcomes after radiocontrast 
administration. 

 
Methods

Study design

This retrospective observational cohort study was conducted at a large hospital in the 
Netherlands. In the period from January 1st 2011 until July 31st 2013, we included 
all new patients with intermittent claudication Rutherford classification II-III who were 
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treated with endovascular interventions or supervised exercise therapy. Rutherford class 
II was defined as moderate intermittent claudication with a walking distance between 
200-500 meters. Rutherford class III was defined as severe intermittent claudication, 
walking distance less than 200 meters. Patients who had previously been treated with 
endovascular interventions (including percutaneous coronary interventions) or who 
received an endovascular intervention or diagnostic study using radiocontrast within the 
first year after the index treatment were excluded from analysis. Additionally, patients 
with Rutherford IV-VI, acute ischemia, no baseline renal function test or end- stage renal 
disease were excluded from the study. Glomerular filtration rates were estimated according 
to the CKD-EPI formula. The lowest and shortest serum creatinine concentration in time 
from the intervention but within a maximum period of six months pre-procedural was 
used to calculate baseline eGFR, and the lowest serum creatinine concentration measured 
between 11 and 13 months after the index treatment was used to calculate eGFR after 1 
year. 

Patients without baseline renal function measurements or with end-stage renal disease 
at baseline were excluded from the analysis. Loss of renal function in the first year after 
treatment for intermittent claudication was estimated and compared between patients 
receiving endovascular interventions and supervised exercise therapy. Fast renal decline 
was defined as more than 4mL/min loss of eGFR in one year. The study was carried out in 
accordance with the declaration of Helsinki and was approved by the institutional review 
board. 

Treatment selection 

In all patients, ankle-brachial indices were measured and aorta-iliac duplex scanning was 
performed. All patients were treated according to the national guideline for the treatment 
of peripheral arterial disease. In case of significant aorta-iliac stenosis of >70%, MR 
angiography was ordered and patients were evaluated for endovascular intervention by 
a multidisciplinary team of vascular surgeons and interventional radiologists. Patients 
without significant aorta-iliac stenosis were primarily treated with supervised exercise 
therapy. All patients were prescribed statins and anti-platelet drugs. 
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Endovascular interventions 

All endovascular procedures were performed by two experienced staff interventional 
radiologist and/or in association with one of three vascular surgeons. All procedures were 
executed in an endovascular suite equipped with a Philips Allure Xper FD20 (Philips, 
Eindhoven, the Netherlands) on a carbon fibre movable interventional table. Pulse beam 
radiation was routinely utilized. Two types of contrast agents were utilized: Xenetix 300 
(Geurbet, Gorinchem, the Netherlands) in patients requiring hydration or with known 
allergies to radiocontrast, whereas all other patients received Omnipaque 240 (GE 
Healthcare, Pittsburgh, PA). In our hospital we utilize a national renal protective program, 
which includes the following; Nephrotoxic drugs (NSAIDs, diuretics, ACE- inhibitors, 
metformin, digoxin, sotalol, lithium and colchicine) were not taken on the day of the 
intervention. In concurrence with our guideline none of the patients were advised to stop 
angiotensin receptor blocker medication. 

Patients with eGFR <45 mL/min or with eGFR <60 mL/min and additional risk 
factors for contrast-induced nephropathy (diabetes mellitus, heart failure, age >75 years, 
hypotension, and anaemia) received pre-procedural hydration. Standard hydration regime 
consists of four hours of hydration with sodium-bicarbonate and high-risk cardiac patients 
received twelve hours of hydration with sodium-bicarbonate. All patients were routinely 
seen after four weeks for evaluation of symptoms. Patients were not referred for supervised 
exercise therapy within the first year after endovascular intervention. 

Supervised exercise therapy

Supervised exercise therapy was offered by a local network of physiotherapists and 
consisted of intensive standardized treadmill exercises for three months. Patients were 
seen three times a week in the first month, and two times a week in the second and 
third months. General muscular strengthening or arm exercises were not prescribed. All 
patients were routinely seen after three months for evaluation of symptoms. Patients who 
received additional endovascular intervention within the first year of exercise therapy were 
excluded from the study. 
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Statistical analyses 

Continuous variables were expressed as means with standard deviations (SD) and 
categorical variables were expressed as percentages. Missing data were replaced with the 
mean of five imputations. Baseline characteristics and outcomes of the two study groups 
were compared with Student t-tests for continuous variables and with chi-square tests 
for categorical variables. To account for potential confounders, loss of kidney function 
between the two study groups was compared with multivariable linear regression analysis 
including baseline characteristics. Fast renal decline in the two study groups was compared 
with multivariable logistic regression analysis using the Wald test for statistical significance. 
Clinically relevant interaction terms were added to the regression models and retained in 
case of statistical significance, respectively (Age x GFR / AGE x DM / Age x renal decline / 
Age x ABI). Assumptions of the regression models were checked with normal probability-
probability, residual plots and by addition of quadratic terms when appropriate; these 
terms were retained in the model if statistically significant. Furthermore, multicollinearity 
and influential outliers were checked using variance inflation factors and Cook’s distance. 

To further reduce the effect of potential confounding, loss of kidney function was analyzed 
using propensity-matched paired analysis. The propensity of receiving an endovascular 
intervention rather than supervised exercise therapy was estimated using multivariable 
logistic regression. Patients treated with endovascular procedures were matched 1:1 with 
patients treated with supervised exercise therapy without replacement based on a maximal 
difference within pairs of 0.2 standard deviations of the logit propensity score.6 In the 
matched pairs, continuous variables were compared with paired Student t-tests and 
categorical variables were compared with McNemar tests. Results with P less than 0.05 
were considered statistically significant. All statistical computing was carried out by T.A.S. 
and M.G.S. using SPSS version 21 (SPSS Inc., Chicago, IL). 

Sample sizes were estimated assuming a mean difference in loss of kidney function of 
3 mL/min between the two study groups and a standard deviation of 8 mL/min with 
α=0.05 and β=0.20. With these assumptions, some 224 patients were required in each 
study group. 
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Results

We studied all patients with intermittent claudication due to peripheral arterial disease 
who newly presented at the vascular surgery outpatient clinical over a 2.5-year period 
(Figure 1). In total 299 patients were prescribed supervised exercise therapy and 284 
patients were treated with endovascular procedures (Table 1). One-year post-procedural 
eGFR results were available for 411 patients. Patients receiving endovascular interventions 
were significantly younger (64.5 vs. 67.9 years, P<0.01) and had significantly better 
baseline renal function (74.8 vs. 69.8 mL/min, P<0.01) as compared to patients receiving 
supervised exercise therapy.

β=0.20. With these assumptions, some 224 patients were required in each study group.  

RESULTS 
We studied all patients with intermittent claudication due to peripheral arterial disease who 

newly presented at the vascular surgery outpatient clinical over a 2.5-year period (Figure 1). 

In total 299 patients were prescribed supervised exercise therapy and 284 patients were 

treated with endovascular procedures (Table 1). One-year post-procedural eGFR results 

were available for 411 patients. Patients receiving endovascular interventions were signifi-

cantly younger (64.5 vs. 67.9 years, P<0.01) and had significantly better baseline renal func-

tion (74.8 vs. 69.8 mL/min, P<0.01) as compared to patients receiving supervised exercise 

therapy. 

 
Figure 1: Flowchart of patient enrolment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Flowchart of patient enrolment

Furthermore, patients treated with endovascular procedures were more often smokers 
and had less often diabetes mellitus (P<0.01). In contrary, smoking was not significantly 
different between the two study groups one-year post-procedural (P=0.61). The primary 
anatomic location of the stenotic lesion in the endovascular study population was in the 
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pelvic region, respectively 243 (86%), compared to non-invasive group were the main 
anatomic location was femoral 137 (46%), followed by multi-level (P<0.01). Stent 
placement was performed in 200 patients (70.4%) in the endovascular group.

Table 1: Baseline characteristics (Imputed file)
Endovascular
intervention

(N=284)

Supervised exercise
therapy
(N=299) P

Age (yrs.) 65 (37-87) 68 (31-90) <0.01

Sex (male) 65% 63% 0.70

BMI (kg/m2) 27 (14-52) 28 (16-59) 0.02

Rutherford classification <0.01

2 0% 64%

3 100% 36%

Symptom duration (months) 15 (2-96) 14 (2-72) 0.23

Ankle-brachial index 0.73 (0.36-1.26) 0.73 (0.22-1.29) 0.95

Baseline eGFR (mL/min) 75 (16-90) 70 (19-90) <0.01

>60 mL/min 82% 71%

30-60 mL/min 17% 26%

15-30 mL/min 1% 2%

<15 mL/min 0% 0%

Diabetes mellitus (yes) 15% 33% <0.01

Hypertension (yes) 62% 69% 0.08

Smoking (yes) 62% 52% 0.01

Hypercholesterolemia (yes) 55% 59% 0.30

Family history of 46% 46% 0.99

cardiovascular disease (yes)

Heart failure (yes) 1% 2% 0.41

Contrast (ml) 80 (20-210) - <0.01

ACE 42% 38% 0.61

ARBS 9% 13% 0.35

Statin 88% 91% 0.82

Data are presented as median (range) or as percentages.

In patients receiving endovascular procedures for intermittent claudication, estimated 
glomerular filtration rates (eGFR) decreased by 8.6±10.7 mL/min (P<0.001) in the first 
year after treatment (Figure 2). 
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In patients receiving endovascular procedures for intermittent claudication, estimated glo-

merular filtration rates (eGFR) decreased by 8.6±10.7 mL/min (P<0.001) in the first year 

after treatment (Figure 2).  

 

Figure 2: Loss of kidney function after treatment for intermittent claudication 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

In the same period, renal function decreased by 1.7±6.5 mL/min (P<0.001) in patients who 

received supervised exercise therapy. Although eGFR rates decreased in both groups, loss 

of renal function was significantly greater in patients after endovascular interventions 

(P<0.001). Furthermore, 64% of patients receiving endovascular interventions experienced 

fast renal decline (defined as >4 mL/min loss of eGFR within one year) as compared to 23% 

of patients with supervised exercise therapy (P<0.001). 

 

Multivariable linear regression was used to correct for potential confounders of the associa-

tion between endovascular procedures and loss of renal function (Table 2). When clinically 

relevant patient characteristics were included in the analysis, endovascular intervention was 

associated with a 9.2 mL/min reduction (95%CI: 5.9-12.4, P<0.001) of eGFR and with an 

11.0-fold (95%CI: 4.6-26, P<0.001) increased odds of fast renal decline after one year as 

compared to supervised exercise therapy. The interaction between treatment and baseline 

 

Figure 2: Loss of kidney function after treatment for intermittent claudication

 
In the same period, renal function decreased by 1.7±6.5 mL/min (P<0.001) in patients 
who received supervised exercise therapy. Although eGFR rates decreased in both groups, 
loss of renal function was significantly greater in patients after endovascular interventions 
(P<0.001). Furthermore, 64% of patients receiving endovascular interventions experienced 
fast renal decline (defined as >4 mL/min loss of eGFR within one year) as compared to 
23% of patients with supervised exercise therapy (P<0.001).

Multivariable linear regression was used to correct for potential confounders of the 
association between endovascular procedures and loss of renal function (Table 2). When 
clinically relevant patient characteristics were included in the analysis, endovascular 
intervention was associated with a 9.2 mL/min reduction (95%CI: 5.9-12.4, P<0.001) 
of eGFR and with an 11.0-fold (95%CI: 4.6-26, P<0.001) increased odds of fast renal 
decline after one year as compared to supervised exercise therapy. The interaction between 
treatment and baseline renal function was not statistically significant. Sensitivity tests 
without imputation of missing data and without patients with rutherford II peripheral 
arterial disease showed similar results. Further correction for potential confounders was 
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done with propensity score-matched paired analysis. Some 384 (66%) patients could be 
paired and were included in this analysis. Baseline characteristics within the paired analysis 
were similar between the two treatment groups. Renal function of patients receiving 
endovascular interventions decreased 9.4 mL/min (95%CI: 7.5-11.0, P<0.001) more than 
in patients with supervised exercise therapy. Furthermore, 67% of patients treated with 
endovascular procedures experienced fast renal decline as compared to 24% of patients 
with supervised exercise therapy

Table 2: Multivariate linear regression of loss of kidney function and multivariate logistic 
regression of fast renal decline

Renal decline (mL/min) Fast renal decline (yes)

Mean

difference

95% (CI)       P OR 95% (CI) P

PTA - 9.15 (-12.39 - 5.90) <0.01 11.0 (4.6 – 25.96) <0.01

Gender (male) 0.23 (-1.27– 1.73) 0.76 0.92 (0.63 – 1.36) 0.69

Age (/years) 0.01 (-0.07– 0.09) 0.81 0.98 (0.96 – 0.99) 0.04

BMI (/kg/m2) 0.10 (-0.04– 0.25) 0.15 1.01 (0.98 – 1.05) 0.48

Rutherford

Classification II(ref )   - - - - - -

Classification III -1.03 (-3.12– 1.05) 0.33 1.71 (0.93 – 3.16) 0.08

ABI (pre-operative) - 2.76 (-7.17– 1.65) 0.22 0.30 (0.09 – 0.96) 0.04

Smoking       0.82 (-0.72– 2.36) 0.30 1.13 (0.79 – 1.64) 0.50

Diabetes Mellitus       0.30 (-1.73– 1.79) 0.83 1.00 (0.63 – 1.59) 0.99

Heart Failure - 2.83 (-8.07– 2.41) 0.29 6.54 (1.55 – 27.6) 0.01

Hypertension - 2.19 (- 3.80 – - 0.58) <0.01 1.95 (1.27 – 3.0) <0.01

GFR (pre-operative)       0.07 (0.02 – 0.12) <0.01 1.01 (0.99 – 1.0) 0.17

Anatomic location (iliac) -0.04 (-0.97– 0.89) 0.93 0.59 (0.25 – 1.3) 0.19

Contrast > 150mL -1.48 (-7.9– 4.9) 0.65 1.63 (0.65 – 4.1) 0.30

Proteinuria (<0.14 gr/24) 3.48 (-1.6– 8.5) 0.17 1.32 (0.68 – 2.6) 0.41

Systolic BP pre >140mmHg -0.41 (-4.1– 3.4) 0.83 0.87 (0.54 – 1.41) 0.58

Systolic BP post >140mmHg -4.51 (-8.9 - -0.15) 0.04 0.92 (0.55 – 1.53) 0.75

Linear model of predictors of renal decline, with 95%CI interval and P-values. Coefficients of the model predicting fast renal decline, 
showing odds-ratio (OR), 95% confidence interval and P-values.

Finally, we studied which variables were associated with fast renal decline after 
endovascular treatment of peripheral arterial disease (Table 3). Patients with hypertension 
were at significantly greater risk of fast renal decline (OR 2.3, 95%CI: 1.3 – 4.0, P<0.01). 
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However, radiocontrast dose and traditional risk factors for chronic kidney disease (CKD) 
such as age, baseline renal function and diabetes mellitus were not associated with fast 
renal decline. 

Table 3: Sub-analyses PTA group for fast renal decline
Fast renal decline (yes)

OR 95% (CI) P

Gender (male) 0.90 (0.53 – 1.51) 0.20

Age (/years) 0.98 (0.95 – 1.01) 0.69

BMI (/kg/m2) 0.99 (0.94 – 1.04) 0.61

Rutherford

Classification II(ref ) - - -

Classification III 1.06 (0.24 – 4.72) 0.94

ABI (pre-operative) 0.29 (0.06 – 1.30) 0.11

Smoking 1.01 (0.58 – 1.76) 0.97

Diabetes Mellitus 0.93 (0.46 – 1.88) 0.84

Heart Failure 2.90 (0.29 – 29.67) 0.36

Hypertension 2.30 (1.32 – 4.00) <0.01

GFR (pre-operative) 1.01 (0.99 – 1.03) 0.09

 
Discussion

In the current study, we describe the long-term loss of kidney function in patients who 
received endovascular interventions for intermittent claudication. These patients experience 
an 8.5±10.7 mL/min reduction of eGFR within the first year after the intervention, which 
is significantly greater than similar patients who were offered supervised exercise therapy. 
Furthermore, some 64% of patients have a reduction in renal function of >4 mL/min 
in the year following endovascular treatment. This fast renal decline has previously been 
shown a predictor of increased mortality, cardiovascular events and end-stage renal disease. 
Therefore, our findings are of clinical importance and efforts should be made to prevent 
possible progressive loss of kidney function in these patients.

The loss of kidney function after endovascular interventions is probably caused by exposure 
to nephrotoxic contrast media. Hyperosmolar contrast media are concentrated in the renal 
medulla and will reduce tubular and capillary flow due to its high viscosity. This increases 
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the direct toxic effects of iodinated contrast media on tubular and endothelial cells. The 
resulting tubular congestion and medullary vasoconstriction will cause an acute reduction 
in glomerular filtration rate and tissue oxygen concentration. Reducing the medullary 
concentration of contrast media by generous hydration may prevent contrast-induced 
acute kidney injury.6

Contrast-induced nephropathy generally recovers with supportive treatment. However, 
patients with acute kidney injury, even after initial full recovery of renal function, remain 
at increased risk of end-stage renal disease. Animal experiments have shown that renal 
ischemia and reperfusion causes permanent loss of peritubular capillaries that will result in 
progressive fibrosis and loss of kidney function.7 Histological analysis of renal transplant 
biopsies suggests that similar mechanisms play a role in clinical medicine.7 We suggest that 
similar mechanisms may explain the long-term loss of kidney function after endovascular 
intervention for intermittent claudication.

In contrast to the traditional paradigm, loss of kidney function is not necessarily constant 
over time. Many patients with chronic kidney disease have non-linear trajectories of renal 
decline with prolonged periods of stable kidney function interspersed by episodes of 
rapid loss of renal function.8 Our study suggests that exposure to contrast media during 
endovascular interventions for intermittent claudication may elicit some of these episodes. 
In line with our findings, it has previously been shown that patients who experience acute 
kidney injury after coronary angiography have faster rates of renal decline than patients 
without acute kidney injury.9 Furthermore, the cumulative exposure to contrast media 
is independently associated with progression to severe chronic kidney disease in patients 
with peripheral arterial disease.10 To understand which patients are at risk of rapid loss 
of kidney function, we determined which baseline characteristics were associated with 
fast renal decline after endovascular procedures for intermittent claudication. Traditional 
risk factors for progressive chronic kidney disease such as age, baseline renal function and 
diabetes mellitus were not associated with the rate of renal function decline in the first 
year after endovascular interventions. This indicates that further research is necessary to 
unravel the pathophysiology of long-term loss of renal function after contrast-induced 
acute kidney injury and to identify patient subsets at increased risk of permanent loss of 
renal function after endovascular interventions for intermittent claudication.

Several other factors that could possible cause renal decline should be mentioned, 
respectively micro-embolization into the renal arteries, due to catheter manipulation 
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during endovascular procedures and finally the MR-angiography. Reported incidence of 
micro-embolization following coronary angiography are 0.9%. The incidence of acute 
kidney injury following trans-radial approach is significantly lower than for the trans-
femoral approach in coronary interventions.11

Additionally, the risk of nephrogenic systemic fibrosis (NSF) after exposure to Gadolinium 
during MR-angiography should be mentioned. NSF is a rare condition appearing only 
in patients with severe renal impairment or failure. This risk however, is negligible when 
the set limit is not exceeded and since the establishment of guidelines and the increased 
general awareness of this condition, the occurrence of NSF has been nearly eliminated. 
Lastly, significantly more patients with Rutherford classification III were treated with 
invasively, which possible might be the reason why this study population was more prone 
to a decline in renal function. However, ankle-brachial index is similar and the definition 
of Rutherford classification is subjective and subject to interpretation between physicians. 
So, it is the authors’ opinion that there is a significant difference in disease staging, however 
this is not seen in the objective ankle-brachial index and should therefore not be the reason 
for the major difference in renal decline. Finally, as stated by Bunte et al, even in patients 
with critical limb ischemia the ABI may be normal or mildly reduced, which may be 
explained by arterial stiffness due to diabetes mellitus. Subsequently, in this case ABI is not 
necessarily an accurate reflection of disease severity.12

In this retrospective observational cohort study, we observed a large and clinically relevant 
reduction in kidney function after endovascular procedures for intermittent claudication. 
This loss of kidney function was greater than the natural reduction in glomerular filtration 
rate both in the general population and in a cohort of patients with intermittent claudication 
who were treated with supervised exercise therapy. The Kidney Disease Outcomes Quality 
Initiative guidelines developed by the National Kidney Foundation state that eGFR 
should normally decrease by 1 mL·min−1·1.73 m−2 per year once adulthood is reached.13,14 
In addition, several studies show that rapid decline in eGFR is associated with an increased 
risk of cardiovascular and all-cause mortality in older adults, independent of baseline 
eGFR and other demographic variables.15-17
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Limitations

Although these patients presented to our outpatient clinic in the same time period, 
individuals treated with endovascular interventions differed in several ways from patients 
who received supervised exercise therapy. These differences in baseline characteristics 
between the two study groups may confound the interpretation of our findings. 
Nevertheless, correction for possible confounders by multivariable regression analysis and 
by creating pairs of patients with the same chance of receiving either one of the treatment 
modalities did not change our findings. Since we corrected for the most important 
risk factors for acute and chronic kidney disease, we consider it highly unlikely that 
unmeasured confounders – presumably with less impact on the loss of kidney function 
– would change the conclusions of our study. Obviously, only a randomized clinical trial 
comparing endovascular interventions with supervised exercise therapy would entirely 
eliminate selection bias. Moreover, supervised exercise therapy may have been protective 
in renal decline, it is therefore our opinion that this randomized controlled trial should 
also include patients treated with endovascular intervention followed by supervised 
exercise therapy.

Unfortunately, serum creatinine was not routinely measured in the first days after the 
endovascular interventions and we are therefore unable to provide information on the 
incidence and impact of contrast-induced acute kidney injury in our cohort. Furthermore, 
the follow-up period was too short to determine the effect of the loss of kidney function on 
long-term mortality, cardiovascular events, and end-stage renal disease. We are currently 
working on a prospective observational cohort study to address these outstanding issues. 
Finally, in 28% of patients renal function was not measured at one year after treatment, 
which may have led to a selection bias. Nevertheless, this rather large proportion of missing 
data did not seem to invalidate our findings, since analysis with and without imputation 
of missing values produced similar results. However, our sample size was based on 224 
patients in each group, due to the lost-to follow-up we had only data of 203 patients in 
one study group.
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Conclusion

Endovascular procedures for intermittent claudication are associated with clinically relevant 
and long-term loss of kidney function. With the increasing availability and complexity 
of endovascular interventions for patients with peripheral arterial disease, these findings 
indicate that kidney function should be closely monitored in these patients to initiate 
timely treatment and prevent possible progressive chronic kidney disease.
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Abstract

Background. Acute kidney injury following contrast administration during endovascular 
procedures for peripheral arterial disease generally recovers with supportive treatment. 
However, long-term effects of endovascular procedures for critical limb ischemia on renal 
function remain to be investigated.

Method. This retrospective observational cohort study includes all patients who newly 
presented to the vascular surgery outpatient clinic with rutherford class IV-VI peripheral 
arterial disease and who were treated with either endovascular or surgical interventions. 
Changes in estimated glomerular filtration rates (eGFR) after one year were compared 
between the two types of intervention. Multivariate linear regression analysis was done to 
correct for potential confounders.

Results. One year after treatment, eGFR was reduced by 15.0 mL/min (95%CI: 13.1 – 
17.0, P<0.001) after endovascular interventions (N=209) and by 7.6 mL/min (95%CI: 
5.1 – 10.0, P<0.001) after surgical therapy (N=81). Although eGFR rates decreased in 
both groups, loss of renal function was significantly greater in patients after endovascular 
interventions (P<0.001). Furthermore, 77% of patients receiving endovascular 
interventions experienced fast renal decline (defined as >4 mL/min loss of eGFR within 
one year) as compared to 54% of patients treated surgically (P<0.001). After correction 
for potential confounders, endovascular intervention was associated with 7.4 mL/min 
(95%CI: 5.4-9.3, P<0.001) greater loss of renal function compared to patients treated 
surgically.

Conclusion. Endovascular procedures for critical limb ischemia are associated with 
clinically relevant permanent long-term loss of kidney function. This loss of renal function 
is greater than in comparable patients who were treated with open surgery.
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Introduction

Critical limb ischemia (CLI), the most severe manifestation of peripheral arterial 
disease (PAD), with patients presenting with ischemic rest pain, ulcerations, or both. 
Epidemiologic data predict a burgeoning epidemic of critical limb ischemia, due to the 
increasing incidence and prevalence of atherosclerotic risk factors, especially age, diabetes 
and chronic kidney disease (CKD). With the fast progression of endovascular technology 
in the last decades, a shift from surgical bypass to endovascular therapy as a first-line 
intervention for patients with critical limb ischemia has occurred. However, current 
available evidence suggests that there is no difference in clinical outcomes for patients 
with CLI treated endovascular or with surgical intervention. 

The authors have witnessed increasing awareness of acute kidney injury (AKI) after several 
studies have demonstrated that relatively small increases in serum creatinine concentration 
are associated with increased development of chronic kidney disease.1 According to the 
KDOQI guideline, acute kidney injury is defined as >50% increase in serum creatinine 
within 48hours post-procedural.2 Moreover, reports show that acute kidney injury is 
associated with higher occurrence of long-term morbidity such as progression to chronic 
kidney disease and development of end-stage renal disease (ESRD).3,4 In addition, long-
term survival in patients with acute kidney injury is significantly decreased.5,6

Although the acute effects of radiocontrast administration on renal function have been 
well studied. Limited data is available about the impact of contrast material on renal 
function during long-term follow-up in patients with critical limb ischemia treated with 
endovascular interventions. Merely one study, predominantly males (99%), studied 
the effect of acute kidney injury following endovascular or surgical revascularization in 
patient with critical limb ischemia, showing that acute kidney injury is associated with the 
development of chronic kidney disease and higher mortality.7

The authors’ studied whether endovascular interventions for critical limb ischemia is 
associated with long-term loss of renal function and which individuals are at increased 
risk of adverse events after these interventions. The authors hypothesized that patients 
treated with endovascular interventions would have a significant greater annual mean 
renal decline, compared to patients treated with surgical interventions.
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Material and Methods

Study design

This retrospective cohort study was conducted at a peripheral hospital in the South of 
the Netherlands. In the period between January 1st 2011 until July 31st 2013 all new 
patients with critical limb ischemia treated with endovascular or surgical intervention 
were included. Using the outpatient clinic database patients with rutherford classification 
IV-VI were analysed. Rutherford class IV was defined as ischemic rest pain. Rutherford 
class V was defined as minor tissue loss, and Rutherford class VI was defined as ulceration 
or gangrene. Pre-procedural eGFR and one year post-procedural eGFR difference were 
analysed between the two treatment groups. The eGFR was calculated from serum 
creatinine using the CKD-EPI.8 The lowest and shortest serum creatinine concentration in 
time measured before the index treatment (maximum of six months) was used to calculate 
baseline eGFR, and the lowest serum creatinine concentration measured between 11 and 
13 months after the index treatment was used to calculate eGFR after 1 year. Additionally, 
acute kidney injury defined as >50% increase in serum creatinine 3 days postoperative was 
analysed between the two study groups.

Exclusion criteria were end-stage renal disease (ESRD), acute ischemia, no renal function 
test, rutherford classification II-III and patients undergoing a second endovascular 
intervention, percutaneous coronary intervention or CT-angiography in the first year of 
follow-up. All patients underwent ankle-brachial pressure index (ABPI), duplex arterial 
mapping and magnetic resonance imaging (MRI) of the arterial vessels was made, followed 
by evaluation in an multi-disciplinary setting (vascular surgeons, intervention radiologist). 
In addition, all patients received statin and anti-platelet therapy. Fast renal decline was 
defined as more than 4mL/min loss of eGFR in one year. The study was carried out in 
accordance with the declaration of Helsinki and was approved by the institutional review 
board.

Endovascular Procedures

All endovascular procedures were performed by two experienced staff interventional 
radiologist and/or in association with one of three vascular surgeons. All procedures were 
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executed in a endovascular suite equipped with a Philips Allure Xper FD20 (Philips, 
Eindhoven, the Netherlands) on a carbon fibre movable interventional table. Pulse beam 
radiation was routinely utilized. Two types of contrast agents were utilized, Xenetix 300 
(Geurbet, Gorinchem, the Netherlands), in patients requiring nephroprotection or with a 
known allergy for contrast. All other patients received Omnipaque 240mg (GE Healthcare,

Pittsburgh, United States of America). In our hospital we utilize a national renal protective 
program, which includes the following; Nephrotoxic drugs (NSAIDs, diuretics, ACE-
inhibitors, metformin, digoxin, sotalol, lithium and colchicine) were not taken on the day 
of the intervention. Patients with eGFR <45 mL/min or with eGFR <60 mL/min and 
additional risk factors for contrast-induced nephropathy (diabetes mellitus, heart failure, 
age >75 years, hypotension, and anaemia) received pre-procedural hydration. Standard 
hydration regime consists of four hours of hydration with sodium-bicarbonate and high-
risk cardiac patients received twelve hours of hydration with sodium-bicarbonate.

Surgical intervention

The interventions ranged from central reconstruction, such as aortic-bifurcation grafts due 
to aorto-iliac occlusion. Furthermore, femoral endarterectomy, femoro-femoral crossover, 
supra-genicular, infra-genicular and femoro-crural bypass interventions were performed.

Risk factor definitions

Heart failure was defined as a reduced ejection fraction of less than 40%.9 Arterial 
hypertension was assumed when measurement of arterial blood pressure exceeded 140 
mm Hg (systolic) and/or 90 mm Hg (diastolic) at least on two different occasions or if 
the patient was on anti-hypertensive medication.10 Hyperlipidaemia was defined by a total 
serum cholesterol level of >5 mmol/L, serum high-density lipoprotein cholesterol level 
of >1 mmol/L, or serum triglyceride level of >2 mmol/L.10 Diabetes mellitus was defined 
by fasting blood sugar levels >120 mg/dL, or HbA1c level > 6%. In addition, presence 
of diabetes mellitus was assumed if the patient consumed any hypoglycaemic drugs.10 
Current smoking habits were divided into either smoking or non-smoking.10 Anaemia was 
defined as < 8.1 mmol/l in males and < 7.5mmol/l in females.11 Familiar vascular disease 
defined as a positive familiar history of vascular disease for mother-father or brother-sister. 
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Sample size

Sample size was calculated assuming mean renal decline difference between the two 
intervention groups of 7mL/min/1,73 m2 and a standard deviation of 11mL/min/1.73 
m2. The type 1 error of the study was set at 0.05 and the power of the study at 0.20. 
With these assumptions, sample size was calculated, requiring 77 patients for each study 
group. The difference in mean renal decline was based on prior research of this study 
group comparing patients with rutherford classification II-III, treated endovascular or 
non-invasive with supervised exercise therapy.

Statistical analysis

All statistical computing was carried out by T.A.S. and M.G.J.S. using SPSS version 21 
(SPSS Inc., Chicago, IL, USA). Missing data were replaced utilizing multiple imputation. 
Continuous variables were expressed as means with standard deviations (SD) or range and 
categorical variables as percentages. Baseline characteristics of endovascular and surgical 
patients in both groups were compared with paired samples t tests for continuous variables 
and with Fisher exact tests for categorical variables. Time-to-event analysis for survival was 
computed with log-rank Kaplan-Meier test. Clinical outcomes of endovascular and surgical 
intervention patients were compared with multivariable regression models. Adjustment 
for baseline characteristics and interaction terms was performed in a two-step approach. 
First, each baseline characteristic was added separately to multivariable regression model 
containing renal decline and all variables were tested for statistical significance. After 
univariate analyses for the confounding factors, final models were obtained by removal of 
interaction terms that were not statistically significantly associated with the outcome of 
interest. Fast renal decline was determined with multivariable logistic regression analysis 
using the Wald test for statistical significance. Assumptions of the regression models were 
checked with normal probability-probability, residual plots and by addition of quadratic 
terms when appropriate; these terms were retained in the model if statistically significant. 
Multicollinearity and influential outliers were checked using variance inflation factors and 
Cook’s distances. Results with P less than 0.05 were considered statistically significant.
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Results

A total of 290 patients, of which 209 patients were treated with endovascular procedures 
and 81 with surgical interventions, were included in this retrospective observational 
cohort study. A flow chart is presented in Figure 1 and patient characteristics are presented 
in Table 1.

 
Patients presenting with critical 
limb ischemia at department of 
vascular surgery (N=539) 

Excluded (N=178) 
• End-stage renal disease (N=15) 
• Acute ischemia (N=78) 
• Hybrid intervention (N=85) 

Included (N=361) 

Endovascular 
intervention(N=258) 

Surgical 
intervention(N=103) 

Excluded (N=49) 
• CT-A (N=14) 
• PCI (N=7) 
• Endovascular 

intervention 
(N=28) 

Excluded (N=22) 
• CT-A (N=10) 
• PCI (N=3) 
• Endovascular 

intervention (N=9) 

Surgical 
intervention(N=81) 

Endovascular 
intervention(N=209) 

Figure 1: Flowchart of patient enrolment

Patients receiving surgical interventions were significantly more frequent male (P=0.01). 
Patients treated with endovascular procedures were more often smokers (P<0.01). 
Furthermore, a significant difference in rutherford classification exists between the two 
intervention groups, with more patients with rest pain being treated with surgical bypass 
intervention.

In patients receiving endovascular procedures for critical limb ischemia, estimated 
glomerular filtration rates (eGFR) decreased by 15.0±14.1 mL/min (P<0.001) in the first 
year after treatment (Figure 2). In the same period, renal function decreased by 7.6±10.9 
mL/min (P<0.001) in patients treated surgically. Although eGFR rates decreased in both 
groups, renal function loss was significantly greater in patients following endovascular 
interventions (P<0.001). Furthermore, 77% of patients receiving endovascular 
interventions experienced fast renal decline (defined as >4 mL/min loss of eGFR within 
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one year) as compared to 54% of patients treated surgically (P<0.001). Although over 
19% of the population undergoing endovascular intervention experienced acute kidney 
injury (N=60), compared with the 12% of the patients treated surgically (P=0.08). (Acute 
kidney injury was defined as a >50% increase in serum creatinine at day 3 postoperative).

Table 1: Baseline characteristics of study subjects

Variables Endovascular (N=209) Surgical (N=81)

P-value

Gender (male) 53 70 0.01

Age (years) 74 [43-96] 72 [40-90] 0.36

BMI (kg/m2) 27 [15-50] 26 [15-41] 0.10

Rutherford <0.01

Classification IV 23 46

Classification V 57 29

Classification VI 20 25

Contrast (millilitre) 88 [24-220] 0 <0.01

Smoking 62 40 <0.01

Duration complaints (months) 2.1 [1-9] 1.8 [1-6] 0.69

Co morbidities

Diabetes Mellitus 51 56 0.51

Familial vascular 59 53 0.33

disease

Hypercholesterolemia 57 44 0.06

Heart Failure 16 12 0.40

Hypertension 61 68 0.29

Creatinine (baseline) 94 [33-351] 105 [39-347] 0.10

eGFR (mL/min/1.73m2) 69 65 0.16

> 60ml 71 62

45 - 59 ml 17 17

31 - 45 ml 7 10

16 - 30 ml 15 11

Aorta-iliac 30 10 <0.01

Femoral-popliteal 35 43

Below-knee 11 43

Multi-level 24 4

Data presented as mean (range) or as percentages.



572750-L-bw-Bolt572750-L-bw-Bolt572750-L-bw-Bolt572750-L-bw-Bolt
Processed on: 18-2-2022Processed on: 18-2-2022Processed on: 18-2-2022Processed on: 18-2-2022 PDF page: 50PDF page: 50PDF page: 50PDF page: 50

50

3

Figure 2: One year mortality of patients treated with surgical or endovascular interventions 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Numbers at risk  
Time (days) 0 90 180 270 360 
Endovascular intervention 201 161 158 141 136 
Surgical intervention 81 66 59 55 49 
 
Kaplan-Meier product limit estimates of survival of patients treated with endovascular and 
surgical interventions. 
 

Figure 2: One year mortality of patients treated with surgical or endovascular interventions
 

Numbers at risk

Time (days) 0 90 180 270 360

Endovascular intervention 201 161 158 141 136

Surgical intervention 81 66 59 55 49

Kaplan-Meier product limit estimates of survival of patients treated with endovascular and surgical interventions.

Sensitivity analysis without patients with major amputation (N=25) showed similar results. 
Respectively, in patients receiving endovascular procedures, eGFR decreased by 14.7±14.1 
mL/min (P<0.001) in the first year after treatment compared to a renal function decreased 
by 7.6±11.0 mL/min (P<0.001) in patients treated surgically. Furthermore, 76% of 
patients receiving endovascular interventions experienced fast renal decline compared to 
56% of patients treated surgically (P<0.001). Finally, acute kidney injury occurred in 19% 
of the patients treated endovascular, compared to 11% in the surgically treated group 
(P=0.08).
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Multivariable linear regression was used to correct for potential confounders of the 
association between endovascular procedures and loss of renal function (Table 2). When 
clinically relevant patient characteristics were included in the analysis, endovascular 
intervention was associated with a 7.4 mL/min reduction (95%CI: 4.4 – 15, P<0.01) 
of eGFR and with a 6.1-fold (95%CI: 2.4 – 16, P<0.01) increased odds of fast renal 
decline after one year (Table 3). Additionally, when acute kidney injury was added to the 
multivariate regression model, endovascular intervention was associated with a 8.9 mL/
min reduction (95%CI: 3.8 – 14, P<0.01) of eGFR and with a 9-fold (95%CI: 3.9 – 
14.1, P<0.01) increased odds of fast renal decline after one year. Acute kidney injury was 
associated with a 10.6 mL/min increased reduction (95%CI: 6.6 – 14.5,P<0.01) in mean 
renal decline (Table 3). The interaction between treatment and baseline renal function was 
not statistically significant. Sensitivity tests without imputation of missing data showed 
similar results.

One year mortality results were similar for both study groups, namely 23% of the 
patients died in the endovascular group, compared to 27% of the patients in the surgical 
intervention group (P=0.09) [Log Rank (Mantel-Cox)] (Figure 2).

Table 2: Multivariate linear regression of loss of kidney function and multivariate logistic 
regression of fast renal decline

Renal decline (mL/min) Fast renal decline (yes)

Mean
difference

95% (CI) P OR 95% (CI) P

Endovascular intervention 9.6 (4.1 – 15.1) <0.01 6.5 (2.4 – 17.6) <0.01

Gender (male) 1.1 (-2.2– 4.4) 0.51 0.9 (0.5 – 1.6) 0.67

Age (/years) 0.1 (-0.04 – 0.3) 0.13 1.0 (0.98 – 1.0) 0.53

Diabetes Mellitus 0.9 (-4.3 – 2.3) 0.56 1.1 (0.6 – 1.8) 0.81

Heart Failure 5.1 (0.7 – 9.6) 0.02 0.3 (0.1 – 0.9) 0.03

Hypertension 1.6 (-1.8 – 5.1) 0.39 1.2 (0.7 – 2.2) 0.57

GFR (pre-operative) 0.1 (-0.08 – 0.1) 0.85 1.0 (0.9 – 1.0) 0.28

Contrast 0.3 (0.02 – 0.08) 0.17 1.0 (0.9 – 1.0) 0.03

Rutherford 1.1 (-1.2 – 4.0) 0.34 0.8 (0.4 – 1.7) 0.59

Smoking 0.5 (-3.0 – 4.0) 0.80 0.9 (0.5 – 1.7) 0.81

Linear model of predictors of renal decline, with 95%CI interval and P-values. Coefficients of the model predicting fast renal decline, 
showing odds-ratio (OR), 95% confidence interval and P-values.
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Table 3: Multivariate linear regression of loss of kidney function and multivariate logistic 
regression of fast renal decline with acute kidney injury

Renal decline (mL/min) Fast renal decline (yes)

Mean
difference

95% (CI) P OR 95% (CI) P

Endovascular intervention 8.9 (3.8 – 14.0) <0.01 9.0 (3.9 – 14.1) <0.01

Gender (male) 0.4 (-2.8 – 3.5) 0.81 0.9 (0.5 – 1.5) 0.63

Age (/years) 0.1 (-0.01 – 0.3) 0.22 0.1 (-0.5 – 0.3) 0.19

Diabetes Mellitus 0.6 (-2.4 – 3.6) 0.71 0.6 (-2.4 – 3.7) 0.68

Heart Failure 4.7 (0.4 – 8.9) 0.03 4.7 (0.5 – 8.9) 0.03

Hypertension 1.4 (-1.9 – 4.7) 0.40 1.4 (-1.9 – 4.6) 0.42

GFR (pre-operative) 0.02 (-0.06 – 0.1) 0.60 0.02 (-0.1 – 0.1) 0.59

Acute kidney injury 10.5 (6.5 – 14.5) <0.01 10.6 (6.6 – 14.5) <0.01

Contrast 0.03 (-0.06 – 0.1) 0.19 0.03 (0.01 – 0.08) <0.01

Linear model of predictors of renal decline, with 95%CI interval and P-values. Coefficients of the model predicting fast renal decline, 
showing odds-ratio (OR), 95% confidence interval and P-values.

 
Discussion

The present study represents consecutive patients with critical limb ischemia undergoing 
endovascular or surgical revascularization. Patients treated endovascular experienced a 
significantly greater annual renal decline compared to surgically treated patients. Moreover, 
fast renal decline was occurred more often in the endovascular study group and a trend in 
acute kidney injury following endovascular revascularization was found (P=0.08). It is the 
authors opinion, that these results might have been significant when a larger population 
would have been investigated. While our retrospective trial was not powered to define a 
statistically significant difference in acute kidney injury following these interventions.

Critical limb ischemia is the most severe form of peripheral arterial disease, causing ischemic 
rest pain or tissue loss and is frequently correlated with chronic kidney disease. Although 
currently available literature suggests that there is no difference in clinical outcomes for 
patients with critical limb ischemia treated with endovascular or surgical revascularization, 
increasing amounts of patients are treated endovascular. Due to the modest outcomes 
and significant morbidity after infra-inguinal bypass for critical limb ischemia, many 
physicians prefer the less invasive endovascular intervention. It is the authors opinion 
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that clinical decision making in these patients with critical limb ischemia must carefully 
weigh a variety of patient, anatomic and procedural variables. Factors influencing this 
decision include; anatomic distribution of atherosclerotic disease, lesion length, age, vein 
quality and comorbidities such as chronic kidney disease. Patients presenting with critical 
limb ischemia have higher prevalence of chronic kidney disease and comorbidities such as 
diabetes, hypertension, coronary artery disease, congestive heart failure, which increases 
with declining renal function.

A large series on endovascular outcomes for the treatment of CLI in patients with chronic 
kidney disease is lacking. However, a recent study describes the association between 
postoperative acute kidney injury after lower extremity revascularization and the incidence 
of chronic kidney disease and mortality. This study demonstrates that there is increased 
risk of long-term chronic kidney disease and mortality in patients who develop acute 
kidney injury after lower extremity revascularization.7

Renal function decline has been described after endovascular intervention of abdominal 
aortic aneurysms. The authors suggest that the pathophysiology of renal decline following 
endovascular interventions in CLI patients is multifactorial. Revascularization of ischemic 
tissue, especially an ischemic limb, results in a number of systemic problems characterized 
by metabolic acidosis, hyperkalemia, myoglobinemia, myoglobinuria, and renal failure.12

When blood flow is restored to an ischemic limb, acidic blood is returned to the 
circulation resulting in metabolic acidosis. In addition to contrast use, drug toxicity (ie, 
antibiotics), and possible embolization are likely causes of acute kidney injury in these 
individuals. All this does not explain the long-term renal decline in this patient group. 
Animal studies provide some insight into possible mechanisms for delayed chronic kidney 
disease development after acute kidney injury recovery. Although the regenerative ability 
of tubular epithelial cells is well established, the capacity for vascular endothelial recovery 
appears to be more limited, and significant vascular dropout has been observed after 
ischemic acute kidney injury in animal models.13 These changes appear to be mediated by 
loss of vascular endothelial growth factor protection.14 Despite the improvement in kidney 
function after a documented acute kidney injury, there seems to be a persistent vascular 
damage that may contribute to the risk of long-term renal decline and the development of 
end-stage renal disease. These results are in concurrence with our study findings indicating 
the substantial need for renal function monitoring following contrast administration, 
especially in this high-risk population with critical limb ischemia.
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In contrast to the traditional paradigm, loss of kidney function is not necessarily constant 
over time. Many patients with chronic kidney disease have non-linear trajectories of renal 
decline with prolonged periods of stable renal function interrupted by episodes of fast 
renal decline. This study reports that between 50-75% experienced considerable and 
clinically significant renal function decline one year post-procedural. These changes are 
clinically significant even when an expected 8% daily variation in serum creatinine is 
taken into consideration.15

Renal dysfunction should therefore be considered a common sequel of critical limb 
revascularization and it deserves focused attention as a therapeutic target in efforts to 
improve long-term survival. Several reports have shown that larger creatinine elevations 
after hospitalization predict highest risk of death and even minor changes in renal function 
are associated with adverse outcomes. The choice of a ‘best definition’ for worsening renal 
function has implications for the number of patients identified with this risk factor and 
the magnitude of risk for mortality.16 A number of scores have been proposed as tools for 
assessing kidney injury in the acute phase, such as RIFLE and AKIN; however, there is 
no consensus on an appropriate longer-term method as yet. Additionally, several reports 
describe fast renal decline (eGFR loss >4mL/min annually) as increased risk for adverse 
events and death.

A need exists to quantitatively summarize incidence and severity of renal dysfunction after 
endovascular interventions in patients with critical limb ischemia to allow better-informed 
attempts to preserve renal function and improve life expectancy. Strategies to preserve renal 
function therefore represent a logical therapeutic target for improving life expectancy. The 
etiology of postoperative renal dysfunction is almost certainly multifactorial, including 
baseline renal function, diabetes mellitus, congestive heart failure, hyponatremia, previous 
diuretic usage, hypoalbuminemia, age, and contrast dose.17 Based on the severely reduced 
long-term survival rates of patients with critical limb ischemia and chronic kidney disease, 
future efforts should focus on early detection of peripheral arterial disease in patients with 
renal insufficiency and institution of aggressive medical therapy to prevent progression in 
the global burden of atherosclerosis in this patient population.

Some limitations of this study need to be acknowledged, first our cohort predominantly 
consisted of Caucasian patients. It is known that renal function differs between races, 
limiting the generalizability of the outcome to a wider variability in the general population. 
Secondly, as in all observational studies, confounders may have biased our results. 
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However, corrections for the most important confounders that have been reported in 
previous publications by multivariate analysis did not change the findings. Therefore, we 
do not expect that unmeasured confounders would significantly impact on our findings. 
Finally, our measurement of acute kidney injury at day 3 post-procedural does not meet 
the AKIN-criteria for acute kidney injury.2 However, our study group has chosen day 
3 while this report compared surgically and endovascularly treated patients. Moreover, 
contrast-induced nephropathy characteristically manifests 3 days after administration of 
the contrast medium, with a peak in renal function decline 3 to 5 days after contrast 
exposure.18

 
Conclusion

Endovascular procedures for critical limb ischemia are associated with clinically relevant 
permanent long-term loss of kidney function. This loss of renal function is greater than in 
comparable patients who were treated with open surgery.
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Abstract

Background. Endovascular interventions often are the preferred treatment in peripheral 
arterial disease for both intermittent claudication and chronic critical limb ischemia. Ever 
more advanced and anatomically complex procedures are being performed, which may 
increase the radiation exposure of patients and medical staff. We sought to determine the 
radiation exposure sustained in contemporary interventional radiology practice.

Methods. A single-centre observational cohort study of patients undergoing endovascular 
interventions for symptomatic peripheral arterial disease between January 1st 2011 and 
July 31st 2013 was performed. Radiation dose area product, peak skin dose, fluoroscopy 
time and volume of contrast media were either measured or calculated and stratified 
according to patient demographics and anatomical location.

Results. In 951 patients who were treated with endovascular interventions, mean dose area 
product was 108±88 Gy*cm2 and mean fluoroscopy time was 13±12 minutes. Dose area 
product was significantly higher for aorto-iliac procedures (142±103 Gy*cm2) compared 
to femoral (58±73 Gy*cm2), below-knee (45±51 Gy*cm2) and multi-level (83±90 Gy*cm2) 
procedures (P<0.001 for all comparisons). Peak skin dose was significantly higher for 
aorto-iliac procedures (0.99±0.54 Gy) compared to femoral (0.55±0.55 Gy), below-knee 
(0.48±0.27 Gy) and multi-level (0.68±0.47 Gy) procedures (P<0.001 for all comparisons). 
In contrast, mean fluoroscopy time in aorto-iliac interventions was significantly shorter 
(10±15 min) compared to femoral (15±12 min), below-knee (19±10 min) and multi-level 
(23±14 min) procedures (P<0.001 for all comparisons).

Conclusions. Endovascular interventions in patients with symptomatic peripheral arterial 
disease involve a substantial radiation dose. Even though fluoroscopy time is shorter, 
aorto-iliac interventions result in greater radiation exposure than femoropopliteal or 
infrapopliteal interventions.
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Introduction

Vascular surgeons and interventional radiologists perform an increasing number of 
endovascular interventions for peripheral arterial disease, leading to cumulative radiation 
exposure for patients and medical staff. Radiation exposure can lead to deterministic 
effects that primarily affect the skin. Once a radiation threshold of 2 Gy is exceeded, the 
damage to tissue will become more severe with increasing dose.1 Manifestations range 
from erythema to severe lesions like acute ulceration of the skin and often occur within 
24 hours of the intervention. Stochastic effects do not depend on a certain threshold 
to be exceeded, but might occur after any given dose. The most important stochastic 
manifestations are radiation-induced malignancies. The possibility of a radiation-induced 
fatal malignancy due to an interventional procedure is estimated to be less than 0.5%.1 
Moreover, there is convincing epidemiological evidence that doses of ionizing radiation 
above about a few tens of mGy cause a small but significant increase in cancer risk.2

Few studies have documented radiation exposure with regard to stenosis location 
in patients undergoing endovascular interventions.3,4 One small single center study 
reported the radiation dose in percutaneous interventions in patients with intermittent 
claudication (IC) and/or critical limb ischemia (CLI).5 In this report, patients with aorto-
iliac stenotic lesions received the highest radiation dose, compared to femoropopliteal 
and below-knee anatomic levels. However, in this study patient body mass index was not 
recorded routinely, even though literature has stated that higher body mass index (BMI) 
is a predictor for increased radiation.6 Procedural characteristics associated with higher 
radiation dose include lesion location, procedure type and case complexity.7,8

The aim of this study was to analyse radiation doses during endovascular intervention 
at different anatomic levels in patients with symptomatic peripheral arterial disease. The 
authors hypothesized that aorto-iliac interventions would have a substantially higher 
radiation exposure compared to other, more distal anatomic levels.
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Methods

Meeting all criteria of the local medical ethical committee a retrospective cohort study was 
conducted at a peripheral hospital in the South of the Netherlands. In the period between 
January 1st 2011 until July 31st 2013 all patients with intermittent claudication or critical 
limb ischemia treated with endovascular interventions were included. Exclusion criteria 
were thrombolysis, endovascular interventions of visceral arteries and arterio-venous 
fistulas.

Procedures were divided into four separate groups, according to anatomic location:

- Aorto-iliac: (Aorta, common iliac, internal iliac, external iliac and common 
femoral artery)

- Femoral: (Superficial femoral and popliteal artery)
- Below-knee: (Tibioperoneal trunk, anterior tibial, posterior tibial, peroneal artery)
- Multi-level: (procedures involving any combination of the above including 

endovascular intervention of prior surgical bypass, in case of prior bypass the 
anatomic location was depicted were the intervention was performed. In case of 
supragenual femoropopliteal bypass the anatomic location was femoral)

 
Endovascular intervention

All endovascular interventions were performed by two interventional radiologists or 
vascular surgeons in an endovascular theatre provided with a Philips Allura Xper FD20 
fixed X-ray system (Philips, Eindhoven, the Netherlands) and an adjustable carbon fiber 
interventional table. Imaging through radiation with pulsed beam was routinely used. 
The field of view of the image intensifier was adjusted according to the procedure, ranging 
from 17 to 48 centimeters. Collimation and filtering were applied as much as possible.

After completion of the intervention the radiation dose, fluoroscopy time and contrast 
volume were routinely recorded in the patient log of the endovascular theatre. Radiation 
dose was defined as the cumulative dose area product (DAP; measured in Gy*cm2). This 
is the complete dose a patient is exposed to during the endovascular procedure, calculated 
by the X-ray system. Fluoroscopy time is the total time in minutes, however during 
substraction no fluoroscopy time is measured. The frames per second (FPS) are for iliac 
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three second with 2 frames per second, for femoral and below-knee 8 seconds with 1 frame 
per second. Finally, the contrast dose was predominantly given by the “Medrad injector”, 
which calculates the amount of contrast given during the procedure. This volume was 
added by the amount of contrast given by the operator manually. Mean peak skin dose 
(PSD) (Gy) was derived from the dose area product (Gy*cm2) using a conversion formula1: 
PDS (mGy) = 249 + 5.2 * DAP (Gy*cm2). As no significant differences were identified 
between the dose area product values and fluoroscopy time of the various physicians 
performing the procedures, a pooled analysis was undertaken.

Statistical analyses

Statistical analyses were executed using SPSS version 19.0 (SPSS, Chicago, IL, USA). 
Continuous variables were presented as means and range as indicated by the distribution 
of the data according to Kolmogorov-Smirnov tests. Categorical variables were presented 
as percentages. Differences between groups for categorical variables were evaluated using 
Fisher exact tests. To account for potential confounders, radiation dose, fluoroscopy time, 
peak skin dose and contrast volume were compared with multivariable linear regression 
analysis including baseline characteristics. Clinically relevant interaction terms were added 
to the regression models and retained in case of statistical significance. Assumptions of the 
regression models were checked with normal probability-probability and residual plots 
and by addition of quadratic terms when appropriate; these terms were retained in the 
model if statistically significant. Furthermore, multicollinearity and influential outliers 
were checked using variance inflation factors and Cook’s distance. The level of significance 
was determined as P < 0.05.

 
Results

In total 951 patients were included in the present study with a mean age of 68 years. The 
average BMI of the study population was 27 kg/m2. Over 50% of the patients in the cohort 
were active smokers. Baseline characteristics of the 951 patients are shown in Table 1.
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Table 1: Baseline characteristics of the study population.

(N=951)

Gender (male) 60

Age (years) 68 [37-96]

BMI (kg/m2) 27 [15-51]

Rutherford

Classification III 57

Classification IV 11

Classification V 25

Classification VI 9

Procedure

Aorto-iliac 56
Femoral 26
Below-knee 5
Multi-level 12

Co morbidities

Diabetes Mellitus 31

Familiar vascular disease 55

Hypercholesterolemia 59

Congestive heart failure 6

Hypertension 67

Continuous variables are shown as mean with range and categorical variables are shown as percentages.

Radiation dose

Mean dose area product (DAP) for all interventions was 108 Gy·cm2 (range 0.3-631). 
Dose area product was significantly higher for aorto-iliac procedures (142±103 Gy*cm2) 
compared to femoral (58±73 Gy*cm2), below-knee (45±51 Gy*cm2) and multi-level 
(83±90 Gy*cm2) procedures (P<0.001 for all comparisons) (Figure 1).  
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Figure 1: Radiation dose, fluoroscopy time and contrast volume in endovascular interventions 
for peripheral arterial disease according to anatomic location.

Data are presented as mean with standard deviation and error bars. * depicts significant 
difference of aorto-iliac anatomic region compared to all other levels (P<0.001)

Six patients received over 400 Gy*cm2 and one of these patients received more than 600 
Gy*cm2. All these interventions were bilateral iliac interventions, three of which concerned 
recanalization. The other three procedures were complicated kissing stent procedures 
with multiple stents. All these patients had a BMI >30 kg/m2. Peak skin dose (PSD) 
for all interventions was 0.81 Gy (range 0.25 – 3.53). PSD was significantly higher for 
aorto-iliac procedures (0.99± 0.54 Gy) compared to femoral (0.55±0.55 Gy), below-knee 
(0.48±0.27 Gy) and multi-level (0.68±0.47 Gy) procedures (P<0.001 for all comparisons) 
(Table 2).
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Table 2: Dose area product (Gy*cm2), Peak skin dose (Gy), Fluoroscopy time (min), Contrast 
volume (ml).

Aorto-iliac Femoral Below-knee Multi-level p-values

DAP (Gy*cm2) 142±103 58±73 45±51 83±90 <0.001*

PSD (Gy) 0.99±0.54 0.55±0.38 0.48±0.27 0.68±0.47 <0.001*

Fluoroscopy time (min) 10±15 15±12 19±10 23±14 <0.001*

Contrast (ml) 86±35 77±33 86±35 110±44 <0.001**

 
All variables are shown as mean with standard deviation.
* For all comparisons
** Multi-level interventions compared with all other procedures.

Multivariate linear regression was used to correct for potential confounders of the 
association between anatomic location and radiation dose, fluoroscopy time, and contrast 
volume. In this analysis, body mass index was associated with a 4 fold (95%CI: 2.6-
5.3) increased odds for radiation dose (P<0.001). Moreover, critical limb ischemia was 
associated with a 17 fold (95%CI:-1.8 – 32.1) increased odds as compared to intermittent 
claudication (P=0.03). And

aorta-iliac procedures were associated with a 69 fold (95%CI: 52.6 – 85.1) increased odds 
as compared to femoral intervention, and with a 94 fold (95%CI: 64.1 – 124.5) increased 
odds compared to below-knee and with a 74 fold (95%CI: 51.5 – 96.6) increased odds 
compared to multi-level (P<0.01, for all comparisons). Finally, contrast volume was also 
associated with a 1.1 fold (95%CI: 0.9 – 1.3) increased odds for higher radiation dose 
(P<0.001) (Table 3).
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Table 3: Multivariate linear regression for radiation dose (Gy)

Variables Radiation dose (Gy)

Mean
difference

95% (CI) P

Age (/years) -0.40 (-1.00 – 0.30) 0.24

Gender (male) -7.00 (-20.6 – 6.7) 0.32

BMI (/kg/m2) 4.00 (2.60 – 5.40) <0.01

Rutherford

Intermittent claudication(ref ) - - -

Critical limb ischemia 17.0 (-1.80 – 32.1) 0.03

Aorto-iliac vs Femoral 68.9 (52.6 – 85.1) <0.01

Aorto-iliac vs Below-Knee 94.3 (64.1 – 124.5) <0.01

Aorto-iliac vs Multi-level 74.0 (51.5 – 96.6) <0.01

Contrast (mL) 1.11 (0.90 – 1.30) <0.01

Fluoroscopy time (min) 0.07 (-0.40 – 0.54) 0.75

GFR (pre-operative mL/min) -0.30 (-0.67 – 0.08) 0.12

Diabetes mellitus (yes) 4.70 (-10.5 – 19.8) 0.54

Linear model of predictors of radiation dose, with 95%CI interval and P-values.

Fluoroscopy time

Mean fluoroscopy time was 13 minutes, ranging from 1 to 125 minutes. Nine patients 
were subject to more than 60 minutes of radiation. Mean fluoroscopy time in aorto-
iliac interventions was significantly shorter, (10± 15 min) compared to femoral (15±12 
min), below-knee (19±10 min) and multi-level (23±14 min) procedures (P<0.001 for all 
comparisons).

Contrast

The highest volume of radiocontrast was administered during multi-level interventions 
(110±44 mL; P<0.001 for comparisons with all other procedures). Aorto-iliac 
interventions required significantly more radiocontrast than femoropopliteal procedures 
(86±35 vs 77±33 mL, P<0.01), and a similar amount of radiocontrast as infrapopliteal 
procedures (86±35 mL, P=0.99). Additional analysis for the amount of contrast utilized 
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during endovascular interventions was performed. This analysis revealed a significant 
association between contrast volume and age, 0.32 (0.07 – 0.6) (P=0.04), and for critical 
limb ischemia, respectively a 5.7 fold (0.4 – 11.1) increased odds compared to intermittent 
claudication for contrast volume (P<0.01). Finally, radiation dose was associated with an 
increased odds for contrast volume, respectively 0.15 (0.12 – 0.17) (P<0.01).

 
Discussion

The aim of this study was to analyse procedure-specific patient radiation doses during 
endovascular interventions for symptomatic peripheral arterial disease. This report 
indicates that dose area product (DAP) and peak skin dose (PSD) are both significantly 
higher for aorto-iliac procedures compared to femoropopliteal, infra-popliteal and multi-
level interventions. Patients who received these high doses suffered from obesity (BMI 
>30 kg/m2) and they underwent relatively complex procedures. However, fluoroscopy 
time was significantly shorter in aorto-iliac interventions (10min), compared to all other 
anatomic levels (p<0.001). The highest volume of radiocontrast was administered during 
multilevel interventions (P<0.001) and aorto-iliac interventions required significantly 
more radiocontrast than femoropopliteal procedures and a similar amount of radiocontrast 
as infrapopliteal procedures.

Aorto-iliac interventions are associated with increased radiation dose because more tissue 
has to be penetrated in the aorto-iliac region. Our findings are in line with a smaller study 
that reported significantly higher DAP in procedures performed in the aorto-iliac region 
as compared to femoropopliteal and infrapopliteal procedures.5 However, in the previous 
article body mass index was not routinely measured, even though literature states that 
patients with morbid obesity (BMI>30) treated with endovascular aortic aneurysm repair 
receive significantly more radiation compared to patients with a normal BMI (<25 kg/
m2).6 These findings illustrate that this report is in concurrence with current literature 
and the first to report body mass index as a significant predictor for higher radiation 
dose in patient treated with endovascular interventions for peripheral arterial disease. 
Furthermore, this report is the first to describe the amount of contrast utilized in different 
anatomic regions in patients with symptomatic peripheral arterial disease.

During endovascular interventions, patient radiation doses are routinely measured. 
Radiation dose can be expressed in DAP, the entire amount of energy delivered to the 
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patient, measured in Gy*cm2. Although DAP is an indirect estimation of radiation 
exposure, it is relatively accurate and a good quantity for estimating the stochastic risk for 
the patient.10,11 PSD is another form of dosimetry that calculates the maximum radiation 
dose to any point on the patients’ skin. PSD has several limitations: it is an indirect 
estimation using the dose area product and any inaccuracy of this measurement will 
translate directly to the PSD. Moreover, in peripheral interventions, the focus of radiation 
is not fixed on one area of interest and true PSD is therefore likely to be lower than 
the estimated values. This is mainly in aorto-iliac interventions were the C-arm rotates 
several times from position, respectively left and right anterior oblique views. Although 
fluoroscopy time has long served as a convenient technique

to estimate the amount of radiation dose, technical variations such as beam intensity, 
beam energy, beam orientation, field size and distance from the skin can affect the 
delivered dose. Therefore, radiation doses reported in this article are expressed as DAP. 
Novel techniques such as displacements per atom kinetic energy released in material and 
skin dose mapping offer better estimates. However, these novel techniques are not readily 
available and have their own limitations.12,13 Finally, the effect of backscatter (spreading of 
the radiation beyond the point that needs to be radiated) is ignored, and the actual skin 
dose should be estimated 10%-40% higher, depending on the beam area and energy.10

Negative side effects of endovascular procedures due to radiation can manifest in a direct 
or indirect manner. Direct deterministic manifestations become apparent once a certain 
radiation threshold is exceeded. Deterministic effects of radiation can occur when the 
threshold mean entrance skin dose of 2 Gy is exceeded.1 The calculated (mean) PSD values 
were the highest in aorto-iliac procedures (0.99 Gy, 95%CI; 0.94 – 1.03). The average 
dose did not exceed 2 Gy and were well within acceptable limits, while 4% (N= 35, 
range 2.01 – 3.53) received radiation doses of more than 2 Gy. This subgroup of patients 
might have been affected by deterministic effects. Diabetes mellitus, smoking, and fair 
skin promote and accelerate skin reactions after radiation exposure. Moreover, collagen 
vascular disease, scleroderma and mixed connective tissue disease have been associated with 
increased susceptibility to skin injury at lower doses.14,15 Indirect stochastic effects are not 
immediately apparent and physicians should therefore be aware of the long latent period 
before these effects occur. Due to the increasing volume and complexity of endovascular 
procedures and the increasing number of obese patients, physicians should be mindful 
of the negative effects of a single dose of radiation.16 Moreover, an ever-growing number 
of patients will undergo diagnostic studies and re-interventions, leading to cumulative 
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radiation exposure, which further increases the risks of stochastic side effects.

Not only patients but also medical staff are repeatedly exposed to the hazardous effects of 
radiation. Depending on the position of the physician, radiation exposure varies by a factor 
40.17 In aorto-iliac procedures, the operator has to stand close to the lesion; subsequently 
the surgeon is more intensely exposed to scatter. Furthermore, hand doses are higher in 
aorto-iliac procedures than in femoral and below-knee interventions.18 Our data indicate 
that although radiation time is shortest in aorto-iliac procedures, radiation dose in aorto-
iliac procedures is higher than in femoropopliteal and infrapopliteal interventions. The 
best prevention for radiation injury to both patient and medical staff is to minimize 
total fluoroscopy time, keep the image intensifier close to the patient and limited to the 
region of interest, and use appropriate radiation shielding and monitoring.19 Furthermore, 
reducing magnification modes and steep gantry angulation can limit radiation dose.19 

Conclusion

Endovascular interventions for peripheral arterial disease are associated with significant 
radiation exposure. Even though procedure times are shorter, radiation dose is higher in 
aorto-iliac interventions as compared to femoropopliteal and infrapopliteal procedures. 
The increasingly prominent role of endovascular interventions for peripheral arterial disease 
may increase the long-term risk of cancer in patients and medical staff. Furthermore, 
obese patients undergoing complex aorto-iliac interventions may be at risk of local skin 
effects of high radiation doses.
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Abstract

Objectives. Percutaneous transluminal angioplasty (PTA) requires the use of nephrotoxic 
contrast. Patients with chronic kidney disease (CKD) are more prone to develop contrast-
induced-nephropathy (CIN) after utilization of contrast. Doppler ultrasound (duplex) 
guided PTA (DuPTA) is a novel technique and has recently proven to be a successful 
alternative to conventional PTA in the treatment of iliac stenotic disease, without the use 
of contrast. In this randomized controlled trial we evaluated whether duplex-guided PTA 
is as effective as conventional PTA in the treatment of iliac arterial stenotic disease.    

Methods. From June 2013 till January 2017, 142 patients with symptomatic peripheral 
arterial disease (PAD), with significant (>70%) iliac stenotic lesions (both isolated and 
patients with multilevel disease without treatment of other lesions) were randomized to 
receive either conventional PTA or DuPTA of the iliac lesion, regardless of renal function. 
All patient received an ankle-brachial index (ABI), duplex and MRA in the pre-operative 
work-up. Primary endpoint was procedural success; defined as passing the guidewire 
through the stenotic lesion and performing a PTA, with or without stenting. Reduction 
of peak systolic velocity (PSV) of ≥50% after successful PTA was required in the DUPTA 
group. Angiographic reduction of more than 50% was required in the interventional 
group. Decrease of PSV was evaluated in both groups 4 weeks post-procedural. 

Results. Passing of the guidewire through the stenotic lesion was achieved in 96.5% of 
the DuPTA-group and 98.8% in the PTA-group (p= 0.34). Although PSV decreased 
significantly in both groups 4 weeks post operative, PSV reduction ≥50% was significantly 
higher in the DuPTA-group, respectively 78% vs 58% in the PTA-group (p<0,01). The 
utilization of stents was significantly greater in the DuPTA-group (resp 52% vs 18%, 
p<0.01). After correction of potential confounders, significant difference in ≥50% PSV 
reduction remained; technical success did not significantly differ. 

Conclusion. Duplex-guided PTA is a feasible alternative to conventional PTA in the 
treatment of PAD on the iliac anatomic level. Duplex examination before removal of the 
guidewire is recommended to evaluate adequate decrease of PSV and identify potential 
recoil.  
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Introduction

The prevalence of peripheral arterial disease (PAD) is increasing globally, affecting 3-10% 
of the population aged <70 years and 20% of the patients >70 years.1 Due to increasing life 
expectancy in patients with multiple comorbidities, PAD treatment is often complicated 
due to chronic diseases such as; chronic kidney disease (CKD), congestive heart failure 
(CHF, EF<40%) and diabetes mellitus. Early stage PAD is often diagnosed due to 
complaints of cramping of muscles in the lower legs during exercise, which relieves after a 
short period of rest. This symptom is called intermittent claudication (IC), an early stage 
symptom of PAD. Supervised exercise therapy (SET) is the preferred treatment in newly 
diagnosed patients with IC, however when unresponsive to exercise therapy or progression 
of PAD, either surgical- or endovascular revascularization are treatment of choice.2,3 Relative 
uncomplicated and easily accessible TASC II A and TASC II B lesions are recommended to 
be treated endovascular, according to the Trans-Atlantic Inter-Society Consensus guidelines 
(TASCII).1,3,4 In common day practice the use of iodine-based contrast in endovascular 
procedures appears to be unavoidable. The use of iodine contrast is nephrotoxic and can be 
detrimental to kidney function, especially in patients with known CKD resulting in contrast 
induced nephropathy (CIN).5,6 CIN following endovascular revascularization is prevalent 
in 8-15% of patients regardless of prior renal function. It can increase up to 40-50% in high-
risk patients with multiple comorbidities (chronic kidney disease, diabetes mellitus).7-10  
  Novel therapies have been introduced in the treatment of symptomatic PAD, such 
as CO2 mediated percutaneous transluminal angioplasty (PTA) or doppler ultrasound 
(duplex) guided PTA, to provide an alternative to iodine-based contrast mediated PTA. 
Recent publications regarding Duplex-guided PTA show that this relative novel technique 
can be used safely and effectively in the treatment of symptomatic peripheral artery disease 
(PAD).11-19 However, these studies treated femoro-popliteal stenotic lesions. It is argued 
that duplex in the iliac arteries is complicated due to possible interference of bowel gas 
and habitus of obese patients.18 According to our previous study the feasibility of duplex 
guided PTA (DUPTA) was shown with a technical success rate of 94%, without any 
hindrance of duplex visualization.10 

Currently there are no randomized controlled trials investigating duplex-guided PTA for 
the treatment of symptomatic PAD.  In the current study we performed a RCT with a 
non-inferiority design, comparing traditional endovascular revascularization with duplex-
guided PTA in iliac arterial lesions. We hypothesize that duplex-guided PTA is non-
inferior to conventional PTA regarding technical success in treating iliac lesions TASC II 
A and B with regard to technical success and reduction of PSV.
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Material and Methods

Study population 

In total 142 patients with PAD diagnosed with significant iliac stenotic lesions (>70% on 
duplex) were enrolled. After careful evaluation in a multi-disciplinary meeting (vascular 
surgeons, interventional radiologists and vascular neurophysiologist) all patients with 
TASC II A and B lesions eligible for PTA were included in this study. Patients were 
included and treated between June 1, 2013 and February 1, 2017. (Figure 1. Patient 
flow diagram). 142 patients (81 men [57%]) were treated for 165 significant iliac lesions. 
Thirty-four interventions were kissing CIA (common iliac artery) procedures. Only the 
limb with significant stenotic lesion was included in the analysis. Inclusion criteria were 
age ≥18 years, diagnosed with Rutherford I-IV not responding to SET, and indication for 
an elective PTA of a significant iliac stenosis (>70% stenosis), regardless of renal function. 
Exclusion criteria were iliac occluded lesions (TASC II C and D). Patients with acute limb 
ischemia were excluded due to the necessity of an acute intervention, whereas a DUPTA 
demanded presence of two vascular surgeons, required per protocol on approval of the ethics 
board. Serum creatinin and estimated glomerular filtration rate (eGFR) were obtained 
within 10 days before procedure to assess renal function. eGFR was calculated using the 
modified formula of Levey et al.20 In accordance to ESUR guidelines (European Society 
of Urogenital Radiology) no nephrotoxic drugs were administered before procedure.21 
NSAIDs, diuretics, metformin, ACE-inhibitors, digoxin, lithium, sotalol and colchicine 
were stopped 24 hours prior to intervention and immediately restarted post-procedure 
in both groups. The study was performed with approval of the institutional review board 
(METC Z) and registered at trialregister.nl (NTR4470). All patients provided written 
informed consent before randomization.

https://trialregister.nl/
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Figure 1. Patient flow diagram. Lost to follow-up within 4 weeks after randomized procedure.

Study protocol

Patients were randomized in a 1:1 ratio and treated with either duplex-guided PTA 
(DuPTA-group) or conventional PTA (control group) based on computer-generated 
random numbers. Preoperative workup of all patients included an ankle brachial index 
(ABI), arterial mapping with duplex, and magnetic resonance angiography (MRA) of the 
arterial vessels. Duplex was performed to establish hemodynamic properties of the lesion 
and whether or not the stenotic lesion was significant and eligible for an endovascular 
procedure. A 70% reduction in diameter on duplex (colour flow imaging, B-mode) was 
considered significant.  Blinding of patients and study team was not possible due to 
difference in intervention procedure. However, vascular technologist evaluating treated 
stenotic lesion (PSV) four weeks post procedure were blinded to the allocated procedure.

Procedure conventional PTA 

The control group received a conventional PTA of the iliac lesion, utilizing iodine-based 
contrast and angiography. Patients in the conventional PTA group received one of two 
contrast agents Omnipaque 240 (GE Healthcare, Pittsburgh, PA) or when known with 
allergies to contrast or patients requiring hydration, Xenetix 300 (Geurbet, Gorinchem, 
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the Netherlands). Patients with eGFR <45 mL/min or with eGFR <60 mL/min and 
additional risk factors (diabetes mellitus, hypotension (systolic pressure <90 mmHg), 
anaemia (haemoglobin <6.0 mmol/L) and age >75 years) for contrast-induced nephropathy 
received a continuous infusion of isotonic saline for at least 4h before and 4h after the 
procedure. High-risk cardiac patients (left ventricular ejection fraction <40%) received 
12h pre- and post-procedural saline infusion. Conventional PTA procedures were mainly 
performed under local anesthesia. Post-procedural results of the PTA were evaluated with 
a completion angiography in two different views to establish success and possible recoil or 
dissection.  The common femoral artery was either closed using a closure devise or manual 
compression was applied for 10 minutes.

Duplex-guided PTA 

DuPTA-group patients did not receive specific pre- or post-hydration, regardless of renal 
function. However, all patient received an intra venous line for anaesthetic access with 
standard infusion of 250ml NaCl 0,9% per 24 hours. Before final preparation for surgery 
the stenotic iliac lesion and PSV were measured in the operating theatre utilizing duplex. 
If the stenotic lesion was occluded after initial diagnosis the procedure was aborted and 
planned for elective recanalization in the angio-suite. After localization of the iliac stenotic 
lesion and measurement of the PSV, the patient was prepaired for surgery and received 
either spinal or general anesthesia. The result after duplex-guided PTA was immediately 
evaluated utilizing duplex. In case of recoil, dissection or no significant reduction in 
PSV a stent was placed under duplex guidance. After perceiving a satisfactory result, the 
procedure was completed. The common femoral artery was either closed using a closure 
devise or manual compression was applied for 10 minutes.  

Procedure Duplex-guided PTA

Iliac stenosis in the DuPTA-group was visualized perioperative using the latest generation 
Colour Duplex sonography (Aloka Prosound Alfa7, Aloka Co., Ltd., Tokyo, Japan) with 
a linear 3.5 MHz probe. Experienced vascular technologists performed the perioperative 
duplex examination. The vascular technologist took place on the contralateral side of the 
leg of intervention, opposite of the vascular surgeon. 
 A sterile plastic cover with covering gel was placed over the linear probe. The common 
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femoral artery (CFA) was punctured in a retrograde fashion by the vascular surgeon under 
ultrasound control (5 MHz linear probe). Puncturing of an uncalcified segment of the 
CFA was achieved without complications in all cases. Insertion of an 11 cm, 6 Fr Brite 
Tip introducer sheath (Cordis, Cordis Congregation, FL, USA) was performed under 
Duplex control (guiding the sheath into the external iliac artery). 2500 IU of heparine 
was intravenously administered to all patients. The artery and stenosis were passed with 
a Terumo Standard 180 cm, 0.035 guidewire (Terumo, Terumo Europe N.V., Leuven, 
Belgium) under ultrasound guidance in the majority of subjects. The diameter of the 
artery and the length of the stenotic segment were measured after localizing the stenosis 
using B-mode. PSV ratios of the iliac vessels were measured using colour mode. Balloon 
diameters (Mustang PTA balloon, Boston Scientific, Boston Scientific international 
S.A., France. Admiral Extreme PTA balloon, Medtronic; Medtronic Luc. Minneapolis, 
MN, USA), stent sizes and length (Abbott Vascular, Abbot Vascular international BVBA, 
Diegen, Belgium; Silver PTX drug eluting stent, Cook Medical, Cook Medical Inc., 
Bloomington, IN, USA; Scuba stent, Medtronic; Omnilink Elite stent) were selected based 
on stenotic segment measurements utilizing Duplex. Under duplex visualization PTA 
balloons were inflated (Encore inflation device, Boston, MA, USA) and stents deployed. 
After deflating and retraction of the balloon, the PSV ratio was measured, leaving the 
guidewire in position. If PSV ratio was reduced with at least 50% compared to baseline 
measurement and no stenosis was evident in B mode the procedure was concluded and 
deemed successful. To exclude any potential distal embolization the infra-popliteal arterial 
segment was examined using duplex. Manual compression was applied for at least ten 
minutes after removal of the endovascular materials. The puncture wound was dressed 
with compression bandage. 

Primary and secondary endpoints

Primary endpoint was procedural success. Procedural success was defined as passing 
of the guidewire through the stenotic lesion and performing a PTA, with or without 
stenting. To conclude the procedure, reduction of peak systolic velocity (PSV) of ≥50% 
after successful PTA was required in the DUPTA group. Angiographic reduction of more 
than 50% was required in the interventional group. Preoperative PSV in the work up 
was compared to the PSV four weeks post procedure to acquire uniform results without 
bias. A vascular technologist, blinded to the qualifying procedure, performed duplex 
four weeks post-procedure. Secondary endpoints were the rate of clinically important 
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complications, requiring additional care, between the two interventional groups within 30 
days of intervention (flow limiting dissections, post-operative bleeds, infection, seroma), 
re-intervention within 30 days of intervention and within one year of intervention. 
Volume of iodine contrast used, radiation dosage area product and fluoroscopy time of 
every procedure was obtained post procedure.

Follow-up and evaluation 

Control duplex of the treated stenotic lesion, PSV measurements and ABI were performed 
4 weeks post-procedure. Thereafter assessment and evaluation of complaints was 
conducted in the outpatient clinic. The primary endpoint was difference in procedural 
success between duplex-guided PTA and conventional PTA, defined as 50% reduction 
in PSV and successful crossing of the stenotic lesion with a guidewire, dilatation and 
possible stenting of the lesion. Serum creatinine was evaluated at baseline, 3 days post-
procedure, 30 days post-procedure and after one year. eGFR was calculated using the 
modified formula of Levey et al.20

Sample size 

Calculation of the sample size was based on the work of Stuart J. Pocock, ClinicalTrials: 
A practical approach.22 We assumed a procedural success of 88-100% after conventional 
iliac angioplasty and an 97% success rate in duplex-guided iliac PTA’s.10,23 We assumed 
the procedural success rate of duplex-guided PTA not to be inferior to conventional PTA, 
with a clinical acceptable difference of 6%, based on the method for non-inferiority trials. 
It is customary to assume in the alternative hypothesis that the new method will establish 
an increase of 6% in procedural success. With a significance level of 0.05 and 80% power 
we calculated a sample size of 71 subjects in each group and a total sample size of 142 to 
improve the success rate with 6% in the duplex-guided PTA group. 

Statistical analyses 

Categorical variables were presented as percentages and compared using the chi-square 
test and Fisher’s exact in case of low numbers (observed count <10, expected count 
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<5). Continuous variables were presented as mean ± standard deviation (SD) and 
compared using t-test for unpaired samples. Missing data were replaced with the mean 
of 5 imputations. Factorial ANOVA was performed to analyse the effect between the 
two intervention groups and the use of stents on PSV reduction. Logistic regression 
was applied to adjust for the difference in PSV pre-procedural. Primary and secondary 
endpoints were analysed according to the intention-to-treat principle. A p-value <0.05 
was required for statistical significance, all tests were two-tailed. Analysis is performed 
according the intention-to-treat principle. Statistical analyses were performed using SPSS 
software package (IBM Corp. Released 2013. IBM SPSS Statistics for Macintosh, Version 
22.0. Armonk, NY: IBM Corp).

 
Results

Patient characteristics and procedure results  

A total of 165 stenotic iliac lesions were treated in 142 patients (81 men, 61 female, mean 
age 64.5±9.3 years, range 39-88 years). Seventy patients were treated with conventional 
PTA, 72 were treated duplex-guided. Body mass index of the patients ranged from 16.5-
37 kg/m2 (mean 25.7 kg/m2). Of the 142 patients, 3 patients received a conventional PTA 
with contrast due to occlusive disease, whereas at time of diagnosis the stenotic lesions 
were still patent. All treated lesions were classified as TASC II A and B lesions (resp. 
98 and 44) and the vast majority of the patients were classified as Rutherford I and II 
(resp. 43 and 62). Patients with Rutherford classification I all had focal iliac lesions and 
did not respond to supervised exercise therapy. No significant differences were present in 
baseline characteristics between both intervention groups. Chronic kidney disease (CKD), 
defined as eGFR <60ml/min/1.72 was equally distributed between both groups (25 vs 16, 
p=0.11). Mean eGFR between the two groups were not significantly different, respectively 
75 ml/min/1.73m2 in the DuPTA group versus 76 ml/min/1.73m2 in the PTA group 
(p=0.75). Baseline clinical characteristics are presented in Table I. Procedural outcomes 
are summarized in Table II and III. 
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Table 1: Baseline characteristics of study subjects

Variables DuPTA (N=72)          PTA (N=70)

P-value

Gender (male) 40 41 0.72

Age (years) 64 [8.3]* 65 [10.3] 0.82

BMI (kg/m2) 25.6 [4.3] 25.9 [1.0] 0.62

ASA-classification 0.03

I 1 9

II 33 34

III 37 26

IV 1 0

Rutherford 0.23

Classification I 27 16

Classification II 29 33

Classification III 15 18

Classification IV 1 3

TASCII classification 0.58

A 48 50

B 24 20

History of smoking 68 67 0.44

Duration complaints (months) 11 [10.5] 10 [7.9] 0.60

History of PTA 21 20 0.98

Co morbidities

Diabetes Mellitus 58 55 0.77

Familiar vascular disease 20 20 0.81

Hypercholesterolemia 49 38 0.09

Heart Failure (EF<40) 0 2 0.15

Hypertension 42 42 0.84

Impaired Renal Function (eGFR <60) 25 16 0.11

Creatinine (baseline) 88 [29.5] 86 [21.1] 0.60

eGFR (mL/min/1.73m2) 75 [26.4] 76 [20.9] 0.75

 > 60ml 45 52

45 - 59 ml 20 12

31 - 45 ml 4 4

16 - 30 ml 1 0

*Continuous variables are represented as mean with standard deviation. 
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Tabel 2: Results

Variables DuPTA (N=85) PTA (N=80)
P-value

Iliac location stenosis 0.45

CIA* 23 27

EIA† 37 32

CIA/EIA 9 4

Kissing CIA 16 17

ABI‡

     Pre 0.86 0.70 0.16

     Post 0.90 0.84 0.13

     ABI gain 0.03 0.13 0.34

Peak systolic flow

Pre 488 435 0.02

Post 169 177 0.51

Reduction % 64 55 <0.01

50% reduction 66 46 <0.01

Degree of stenosis 77 75 0.31

Technical success 82 79 0.34

Stent 44 14 <0.01

Complication 5 3 0.52

Re-intervention within 1 year 8 4 0.26

Re-intervention (total) 12 6 0.17

*CIA (common iliac artery); †EIA (external iliac artery); ‡ABI (ankle-brachial-index)

 
Tabel 3: Results per subject

Variables DuPTA (N=72) PTA (N=70)

P-value

Anesthesia <0.01

Local 0 52

Epidural 38 8

General 34 9

Contrast (millilitre) 3.2 [12.8] 67.5 [33.6] <0.01

Radiation dose area product 4.6 [15.1] 99.2 [133.2] <0.01

Fluoroscopy time (min) 0.7 [2.0] 6.0 [7.0] <0.01
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Primary and secondary endpoints  

Technical success (passing stenotic lesion with guidewire and dilatation of the balloon) 
was not significantly different between the two interventions. The DuPTA-group showed 
a success rate of 85/82 (96.5%), whereas the conventional PTA-group had an 80/79 
(98.8%) success rate (p=0.34). Second primary endpoint, reducing the PSV with ≥50% 
was achieved in the majority of patients in both groups, however significantly greater 
decrease was seen in the DuPTA-group (resp. 66 vs 46, p<0.01). The absolute reduction 
in PSV was also significantly greater in the DuPTA-group (64% vs 55%, p<0.01)(Fig.1). 
Furthermore, the utilization of stents was significantly greater in the DuPTA-group (52% 
vs 18%, p<0.01). Noteworthy, absolute reduction of PSV was greater in patients treated 
without a stent compared to those treated with stent, although not statistically significant 
(resp. 61% vs 56%, p=0.13). However, when comparing PSV reduction and the use of 
stents in the separate intervention groups a significant difference was seen in the PTA group 
(57.3 vs 36.8, p<0.01) and not in the DuPTA-group (67.6 vs 62.1), p=0.08). Degree of 
stenotic lesion did not differ between both groups. Degree of stenosis in the DuPTA 
group was 77%, whereas in the PTA-group the degree of stenosis was 75% (p=0.31). 
Secondary endpoints showed no significant difference between the two interventions. 
Complication rate in the conventional-PTA group was three, whereas the DuPTA-group 
had five complications (p=0.52). None of the complications were correlated with the 
imaging technique, but rather with the PTA procedure itself. Complications are presented 
in table IV. No significant difference was seen in the number of re-interventions (DuPTA 
5 vs PTA 3, p=0.72). None of the patients developed CIN in either interventional group. 
Furthermore, eGFR was slightly increased three days post intervention, respectively 3.5 
ml/min/1.72 in the DuPTA-group and 3.2 ml/min/1.72 in the PTA-group (p=0.85). 
Post intervention eGFR after 30days was comparable with baseline values. Slight decrease 
was seen one year after intervention, however comparable to natural annual renal decline. 
Within the first year after intervention four patients died, two in each intervention group. 
None of the mortalities where related to the intervention nor to development of renal 
failure. 

In the DuPTA group x-ray was utilized in 12 patients to aid the guidewire past the stenotic 
lesion. Eight of these patients received small amounts of iodine contrast (mean = 28.8 ml; 
3.2 ml in total DuPTA-group), 3 based on per-operative occlusive disease and 5 to assure 
crural runoff. Volume of contrast used in the PTA-group was significantly greater (67.5 
ml; p<0.01). Mean radiation dosage area product in the 12 patients within the DuPTA 
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group was 27.7 Gy*cm2 (4.6 Gy*cm2 in total DuPTA-group), compared to 99.2 Gy*cm2 
in the PTA group (p<0,02). Mean fluoroscopy time between the two intervention-groups 
are not significantly different (when only including the DuPTA patients receiving x-ray 
(n=12)), 4.21 minutes in the DuPTA-group vs. 5.98 minutes in the PTA-group (p=0.26). 
Average fluoroscopy time in the total DuPTA-group (n=72) was significantly less compared 
to the PTA-group (0.70 minutes vs 5.98 minutes, p<0.01).
 
Tabel 4: Complications

Complications Intervention group

Pseudo aneurysm common femoral artery DuPTA

Luxated atheroma common femoral artery requiring embolectomy DuPTA

Dissection evident 30 days post-op, not flow limiting PTA

Dissection + thrombus common femoral artery requiring urokinase treatment PTA

Acute occlusion requiring CERAB procedure DuPTA

Stenosis common femoral artery due to closure device DuPTA

Stenosis common femoral artery due to closure device PTA

Dissection common femoral artery requiring endarteriectomy DuPTA

 
Discussion

Endovascular treatment of patients with PAD remains challenging when complicated 
with chronic kidney disease or iodine related hypersensitivity. The utilization of duplex 
as an alternative imaging technique in the performance of PTA and even in EVAR 
procedures has shown to be a good alternative in the treatment of this complicated patient 
population.11-19,24 Given that duplex-guided PTA is viable solution for these patients, we 
aimed to investigate whether this technique would prove itself non-inferior to conventional 
PTA in treating iliac lesions. 
  In this study we showed procedural success of duplex-guided manipulation of a 
guidewire passing an iliac stenotic lesion non-inferior to conventional PTA. Moreover, 
the utilization of duplex performing a PTA was superior to conventional PTA with regard 
to absolute reduction in PSV and the number of procedures reducing the PSV with more 
than 50%. Beside the greater reduction of PSV in the duplex-guided intervention group, 
also the numbers stents used was higher in the DuPTA group, which is comparable with 
the pilot study by Krasznai et al.10 Interestingly, the decrease in PSV is less in patients 
treated with a stent compared to those treated without a stent. This is even significant for 
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the PTA group. However, this difference in PSV reduction is not reflected in a decrease of 
ankle-brachial index or re-interventions. There is no literature available comparing short-
term PSV improvement in patients after treatment of iliac lesions with or without stent. 
Deloose et al. argues that iliac TASC II A and B lesions should be primary stented, whereas 
primary patency is 97.4% after 1 year.25 This supports the finding that the difference 
observed in PSV reduction between the two groups (stent vs no stent) was not clinically 
relevant. Moreover, PSV at baseline was greater in the intervention group, whereas no 
significant difference was observed after intervention. Although the PSV value differed at 
baseline, the degree of stenosis was similar between the two groups. To adjust for PSV at 
baseline logistic regression analysis was performed. Significant difference in absolute PSV 
reduction and >50% PSV reduction remained. Although PSV reduction was significantly 
greater in the DuPTA group, no significant difference was seen in ABI improvement. 
Even though there was an increase in ABI values, they still remained <1. This might be 
explained by possible distal flow limiting stenotic or occlusive lesions.

Difference in PSV reduction can be explained by the direct hemodynamic feedback after 
angioplasty with duplex, making it possible to evaluate treatment effect by measuring 
PSV pre- and post procedure. PSV is an adequate measurement for potential recoil and 
duplex can also identify hemodynamic significant dissections of the vessel wall after PTA. 
These attributes are not available with angiography in conventional PTA. Utilization of 
duplex makes it possible to predict a non successful procedure in 14% of all interventions, 
regardless of previous satisfying results on the initial completion angiography.26 Completion 
angiography is only accurate in 76% of the PTA’s, indicating that further dilatation to 
optimize the vessel lumen is necessary.18

The pain experienced during the procedure was not assessed due to the type of anesthesia. 
Whereas most patients in the control group received local anesthesia, patients in the 
intervention group received either general- or spinal anesthesia. The protocol of this study 
was based on a previous feasibility study.10 The use of general- or spinal anesthesia relaxes 
the abdominal muscles and enables the vascular technician to manipulate bowel gases with 
the probe to stay clear of the area of interest. However, if duplex-guided PTA becomes 
general practice, there is no need of general- or spinal anesthesia for every straightforward 
PTA. In the work up of a patient with peripheral arterial disease, all patients receive an 
arterial duplex of the lower extremities to evaluate degree of stenosis and morphology of 
the lesion. In none of the study patient’s duplex visualization of the aorta-iliac segment 
was unsuccessful. Furthermore, it is not adamant to have general- or spinal anesthesia 
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to perform a duplex-guided iliac PTA. Based on the pre-intervention duplex workup a 
selection can be made for an advisability of general- or spinal anesthesia. 

Serum creatinine and eGFR (estimate glomerular filtration rate) at baseline did not 
significantly differ between the two groups. None of the patients in either group developed 
contrast-induced nephropathy (CIN) after the procedure. Serum creatinine observed 
between the two groups at follow-up 3, 30 days, and 1-year post intervention did not 
significantly differ between the two groups. These findings are in concurrence with recent 
findings by Mendes CA et al. studying the effect of carbon dioxide, as an alternative contrast 
medium, on renal function in patients receiving a PTA of the ilio-femoral segment. The 
study sample however was very small (n=21), comparing 11 patients treated with CO2-
mediated PTA with 10 patients receiving conventional PTA.27 No definitive conclusion 
can be drawn based on these small numbers. Although the sample size of our study is 
greater, it was not powered to detect a significant difference in serum creatinine increase. 
With improving visualizing techniques, volume of administered iodine-based contrast is 
limited and patients with CKD receive pre- and post hydration, limiting nephrotoxic 
effects of iodine-based contrast. 

In the search to reduce the incidence of CIN, carbon dioxide (CO2) has been used as an 
alternative to iodine contrast to perform angiography in high-risk patients with chronic 
renal disease.27-29 Although CO2 seems a viable solution to substitute iodine contrast, iodine 
contrast was needed in 21-36% of the patients to complete the procedure,27,28 whereas in 
our study 11% (8/72) of the patients required contrast. Beside reduced requirement of 
contrast a great technical advantage of duplex is the possibility to adequately measure the 
diameter and length of the stenotic lesion. CO2 mediated PTA’s or conventional PTA’s 
utilizing contrast will only acquire an image of the intraluminal diameter of the stenotic 
lesion and both still require the use of x-ray. Furthermore, true vessel diameters can be 
imaged using ultrasound. This reliable information can be used in the decision, which 
balloon to use and proper sizing of the stent. 

Even though it was not primarily studied in this study. It is the authors believe that duplex-
guided PTA should be made available for al patients diagnosed with chronic kidney disease 
and in need of an endovascular intervention of the iliac arteries. Furthermore, a post-
intervention duplex before removal of the guidewire provides us with direct hemodynamic 
feedback. Immediate evaluation of procedure result and detection of possible complications 
could be beneficial for all endovascular procedures. Whereas, recoil of the vessel wall and 
possible flow limiting dissections can be underestimated on completion angiography. 
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Limitations of the study

This randomized controlled trial was limited by the fact that no blinding could be achieved 
of the vascular surgeons performing the procedure. Furthermore, patients in the DUPTA 
group received general anesthesia, whereas patients in the conventional PTA group 
predominantly received local anesthesia. Patients diagnosed with acute limb ischemia and 
occluded lesions were not included in the study. Finally, the numbers of patients not 
meeting inclusion criteria or not willing to participate in the study were not recorded in 
this study. 

 
Conclusion

The utilization of duplex to perform a PTA of an iliac stenotic lesion without requirement 
of iodinated contrast is a valid alternative to conventional PTA with comparable technical 
success in TASC II A and B lesions. Passing of the stenotic lesion with a guidewire, 
performing an angioplasty and placement of a balloon expandable stent is feasible and 
non-inferior to the golden standard, iodine-based contrast mediated PTA. Hemodynamic 
properties of the treated stenotic lesion should be evaluated using duplex before removal 
of the guidewire. 
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Abstract

Background. Endovascular procedures in the management of peripheral arterial disease 
can induce contrast-induced nephropathy (CIN). However, distinction between CIN 
and chronic artheroembolic renal disease (AERD) is often difficult. The aim of the 
present study is to establish influence of guidewire manipulation near renal arteries on 
postoperative renal function in patients with peripheral arterial disease (PAD) randomized 
between conventional PTA with iodine contrast and duplex-guided PTA. 

Methods. 142 patients with symptomatic PAD caused by iliac stenotic lesions were 
included between June 2013 and January 2017. After randomization, patients were treated 
with either conventional PTA, utilizing iodine contrast, or duplex-guided PTA. Serum 
creatinine and eGFR were determined 10 days prior to intervention. Renal decline was 
analyzed three day’s, one month and 12 months post intervention. Baseline characteristics 
were acquired from medical records.

Results. eGFR three day’s post-intervention increased in both groups, respectively 3,5 
mL/min in the DuPTA-group and 3,2 mL/min in the PTA-group (p=0,85). None of the 
patients developed contrast-induced nephropathy. Alterations of renal function in patients 
with an eGFR <60 mL/min did not significantly differ between patients treated with 
DuPTA or PTA (resp. -5,8 vs -5,4; p=1,00). Furthermore, decrease in serum creatinine 
level post-intervention in patients diagnosed with CKD, is not significantly different 
compared to patients without CKD (resp. -5,6 vs. -1,9, p=0,09). 

Conclusion. No significant difference in renal decline was observed. Furthermore, none 
of the patients developed a significant reduction in eGFR.   
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Introduction

Peripheral arterial disease (PAD) is a global problem, affecting over 200 million people 
and is prevalent in 20% of the population aged >70 years.1,2 Symptoms may vary from 
no limitations in daily activity to major tissue loss of the lower extremities. Upon first 
presentation patients with PAD are treated with supervised exercise therapy (SET), if 
SET fails and symptoms remain the same, stenotic lesions are treated either surgically 
or endovascularly.3,4 Less complicated and easy accessible TASC A and B lesions are 
recommended to be treated with percutaneous transluminal angioplasty (PTA).2,4,5 

Due to numerous innovations in endovascular techniques the number of endovascular 
procedures treating PAD have risen exponentially in the last two decades.6 Detrimental 
to this procedure however is the use of nephrotoxic contrast, potentially causing contrast-
induced nephropathy (CIN). CIN, defined as an > 25% increase in serum creatinine or 
44 umol/L within 3 days of intervention, is negligible in patients without chronic kidney 
disease (CKD), however can be prevalent up to 50% in high-risk patients with end-stage 
chronic kidney disease (eGFR <15ml/min/1.72).7–10 Chronic kidney disease (CKD) is an 
increasing global health problem, prevalent in 10-16% of the world population and up to 
45% in the elderly population (>70years).11. Iodine contrast and CKD are both known 
independent risk factors in the development of CIN.12

  Incidence of CIN in patients with PAD receiving a contrast mediated endovascular 
intervention of the lower extremities range from 10-13%.6,12 CIN is associated with 
an increased hospitalization time, higher costs and require more additional care.11 
Up to 0.8% of the patients require permanent hemodialysis after developing CIN.  
It is well established that renal impairment might occur after administration of contrast 
media and is often diagnosed as CIN. However, CIN might be difficult to distinguish 
from artheroembolic renal disease (AERD). Movement of catheters in femoral arteries and 
manipulation of guidewires near the renal arteries can dislodge cholesterol debris from 
atheromatous plaques in the major arteries and cause embolization, inducing mechanical 
occlusion of the renal arterial bed.13

   To the best of the authors’ knowledge no literature is available establishing incidence 
in renal deterioration due to catheter manipulation and wire movement near the renal 
arteries when comparing an endovascular intervention with and without the use of iodine 
contrast. Prevention of contrast-induced nephropathy can be achieved performing PTA 
without using nephrotoxic contrast. Duplex-guided PTA does not require the use of 
nephrotoxic contrast, but is otherwise similar to a regular PTA. This will enable us to 
study the effect of an endovascular intervention without use of nephrotoxic contrast on 
renal function. 
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Material and Methods

Study population

After screening for eligibility in multi disciplinary meetings, we enrolled 142 patients 
with PAD based on significant iliac stenotic lesions scheduled for PTA. Patients are 
included and treated between June 1th, 2013 and February 1th, 2017 in a large 
teaching hospital in the south of the Netherlands, Zuyderland Medical Centre.  
One hundred and sixty-five significant iliac lesions were treated in 142 patients with PAD 
(81 men [57%]). Included patients were aged ≥18 years and diagnosed with a significant 
iliac stenotic lesion (>70% lumen loss), not responding to supervised exercise therapy (SET) 
and requiring an elective PTA. Patients were included regardless of renal function. Patients 
were excluded when iliac arteries were totally occluded or when duplex visualization of the 
lesion was not possible due to bowel gas or extreme obesity. Renal function was assessed 
measuring serum creatinine and estimated glomerular filtration rate (eGFR) within 10 
days before procedure. eGFR is was calculated using the modified formula of Levey et al.14 
Reno protective drugs (NSAIDs, diuretics, metformin, ACE-inhibitors, digoxin, lithium, 
sotalol and colchicine) were stopped 24 hours prior to intervention and immediately 
restarted after the procedure, in accordance with the national renal protective program. 

Study protocol, Follow-up and evaluation

Randomization was performed using computer-generated random numbers in a 1:1 
ratio, assigning treatment to either conventional PTA (control-group) or duplex-guided 
PTA (DuPTA-group). The control-group received a conventional PTA of the iliac lesion, 
utilizing iodinated contrast and x-ray. Whereas patients in the DuPTA-group received 
a PTA under duplex-guidance. Serum creatinine and estimated glomerular filtration 
rate (eGFR) were evaluated at baseline, within 10 day before intervention. Follow-up 
regarding renal function occurred 3-5 day’s and 30 day’s post-procedure. When available 
creatinine and glomerular filtration rate were acquired 1 year before randomization and 
1 year post-intervention. Beside renal function, patency of the treated stenotic lesion and 
clinical symptoms were evaluated.
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Endovascular procedure

Conventional PTA’s were performed by one of three experienced vascular surgeons or by 
one of two staff interventional radiologists in an endovascular suite equipped with a Philips 
Allura Xper FD20 (Phillips, Eindhoven, The Netherlands). Whereas all duplex-guided 
PTA’s were performed by two vascular surgeons in a hybrid operating room (OR). Patients 
in the conventional PTA group received one of two contrast agents, either Omnipaque 
240 (GE Healthcare, Pittsburgh, PA) or when known with allergies to contrast agents, 
Xenetix 300 (Geurbet, Gorinchem, the Netherlands). Patients with eGFR <45 mL/min 
or with eGFR <60 mL/min and additional risk factors (diabetes mellitus, heart failure, 
hypotension, anemia, and age >75 years) for contrast-induced nephropathy received a 
continues infusion of isotonic saline for at least 4h before and 4h after the procedure. 
High-risk cardiac patients (left ventricular ejection fraction <40%) received 12h pre- and 
post-procedural saline infusion. DuPTA-group patients did not receive pre- or post-
hydration. 

Risk factor definitions

Heart failure was defined as decreased left ventricular ejection fraction of maximal 40%.15 
Diabetes mellitus was defined as the requirement of hypoglycemic drugs or fasting blood 
glucose levels of >120 mg/dL or glycosylated hemoglobin >6%.16,17 Hyperlipidemia was 
defined as the use of lipid-lowering drug or presence of total serum cholesterol level >5 
mmol/L, high-density lipoprotein cholesterol level <1 mmol/L, or triglyceride level >2 
mmol/L.16,17 Furthermore, hypertension was defined as the use of any antihypertensive 
drug or measurement of systolic blood pressure >140 mmHg and/or diastolic blood 
pressure of >90 mmHg on two separate occasions.16,17 Smoking status was scored positive 
if the patient was an active smoker or had a history of smoking. Definition of hereditary 
cardiovascular disease was characterized as a history of cardiovascular events in first-degree 
relatives.  

Sample size

The study was powered to establish procedural success of a duplex-guided PTA. The sample size is 
not powered to significantly differentiate in incidence of CIN between conventional PTA with 
contrast and duplex-guided PTA. A total of 142 patients are treated with 165 stenotic lesions.  
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The study was performed with approval of the institutional review board and is in 
accordance with the declaration of Helsinki.  All patients provided written informed 
consent before randomization. 

Statistical analyses

Categorical variables are presented as percentages and were compared using the chi-square 
test and Fisher’s exact in case of low numbers (observed count <10, expected count <5). 
Continues variables are presented as mean ± standard deviation (SD) and compared 
using the t-test for unpaired samples. Missing data were replaced with the mean of 5 
imputations. Log linear analysis was performed to adjust for the incidence of chronic renal 
failure between both interventions, whereas logistic regression was applied to adjust for the 
difference in peak systolic velocity (PSV) pre-procedure. Primary and secondary endpoint 
were analysed according the intention-to-treat principle. A p-value <0.05 was required for 
statistical significance, all tests were two-tailed. Statistical analysis was performed using 
SPSS software package (IBM Corp. Released 2013. IBM SPSS Statistics for Macintosh, 
Version 22.0. Armonk, NY: IBM Corp).

 
Results

A total of 142 patients are included in this randomized controlled trial, of which 72 patients 
are treated with a duplex-guided PTA and 70 patients with conventional PTA. Average age 
of the study population ranged from 39 to 88 years (mean 65). Mean follow-up is 10 months 
(range 0-36 months). Patients were predominantly diagnosed with peripheral artery disease, 
Rutherford classification I and II (resp. 30% and 44%). Treated lesions were all TASC II 
A and B lesions (resp. 69% and 31%). Baseline renal function did not significantly differ 
between the two interventions; eGFR in the DuPTA-group was 75 mL/min/13.73m2 and 
76 mL/min/13.73m2 in the conventional PTA-group. Furthermore, number of patients 
with chronic kidney disease was not significantly different, respectively 25 patients in the 
DuPTA-group versus 16 patients in the conventional PTA-group (p=0.11). Concomitant 
risk factors included diabetes mellitus (80%), hypercholesterolemia (61%), hypertension 
(59%), congestive heart failure (1,4%), familiar vascular disease (39%), and history of 
smoking (96%). Risk factors did not significantly differ between the two groups. Ninety-six 
percent of the patients received statin therapy after diagnosis of PAD and al patients received 
oral anticoagulation (97% antiplatelet). Baseline characteristics are summarized in table I. 
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Table 1: Baseline characteristics of study subjects

Variables DuPTA (N=72) PTA (N=70)

P-value

Gender (male) 40 41 0.72

Age (years) 64 [8.3] 65 [10.3] 0.82

BMI (kg/m2) 25.6 [4.3] 25.9 [1.0] 0.62

ASA-classification   0.03

I 1 9

II 33 34

III 37 26

IV 1 0

Rutherford 0.51

Classification I 26 19

Classification II 29 29

Classification III 18 21

Classification IV 1 3

TASCII classification 0.58

A 48 49

B 24 20

History of smoking 68 67 0.44

Duration complaints (months) 11 [10.5] 10 [7.9] 0.60

History of PTA 21 20 0.98

Co morbidities

Diabetes Mellitus 58 55 0.77

Familiar vascular disease 20 20 0.81

Hypercholesterolemia 49 38 0.09

Heart Failure (EF<40) 0 2 0.15

Hypertension 42 42 0.84

Impaired Renal Function (eGFR <60) 25 16 0.11

Creatinine (baseline) 88 [29.5] 86 [21.1] 0.60

eGFR (mL/min/1.73m2) 75 [26.4] 76 [20.9] 0.75

 > 60ml 45 52

45 - 59 ml 20 12

31 - 45 ml 4 4

16 - 30 ml 1 0
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In both study-groups rise of eGFR was observed three/five day’s post-intervention, 3,5 
mL/min in the DuPTA-group and 3,2 mL/min in the conventional PTA-group (p=0,85). 
None of the patients from either intervention group developed contrast-induced 
nephropathy. Renal function 30 day’s post-intervention was also improved in both study-
groups, respectively 1.20 mL/min in the DuPTA-group and 1.55 mL/min in the PTA-
group (p=0,84). Seventy-one patients had a valid eGFR one year post-intervention (11-13 
months). A greater decrease of eGFR was seen in the DuPTA-group (-2,68) compared 
to the PTA-group (-0,64), however not significant (p=0,47). Furthermore, 48% of the 
patients receiving the duplex-guided intervention showed fast renal decline, compared to 
30% receiving a conventional PTA (p=0,13). Fast renal decline is defined as >4 ml/min 
loss of eGFR within one year.17 
 Factorial ANOVA showed no significant difference in rise of serum creatinine three/
five day’s post-intervention in patients with an eGFR <60 mL/min comparing patients 
treated with either DuPTA or PTA (resp. -5,8 vs -5,4; p=1,00). Furthermore, patients 
diagnosed with chronic kidney injury, decrease in serum creatinine level post-intervention 
is not significantly different to patients without CKD (resp. -5,6 vs. -1,9, p=0,09). Results 
regarding renal function are summarized in table 2. 

Tabel 2: Renal function 

Variables DuPTA (N=72) PTA (N=70)
P-value

Creatinine
Pre 1 year 86 87 0.86

Pre 88 86 0.60
Post 3 days 86 83 0.59
Post 30 days 88 86 0.81
1 year post 89 91 0.71

Rise Creatinine
Day 3 -3.6 -2.5 0.57

Day 30 -0.27 -0.75 0.76
Year 1 1.36 0.93 0.87

eGFR
Pre 1 year 74 76 0.71
Pre 75 76 0.75
Post 3 days 77 80 0.54
Post 30 days 77 76 0.86
1 year post   74 70 0.50

Rise eGFR
Day 3 3.5 3.2 0.85
Day 30 1.20 1.55 0.84
Year 1 -2.68 -0.64 0.47
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Within the DuPTA-group eight patients were exposed to a small dose of iodine contrast 
(mean = 28,8 ml ± 28 ml). Due to progression of PAD, three patients had an occlusion 
at time of intervention, whereas at time of diagnosis the lesions were still patent. Five 
patients received contrast to evaluate the result after a duplex-guided intervention. 
However, within the PTA-group volume of contrast administered was significantly greater 
(mean 67,5 ml ± 34 ml; p<0,01). Twelve patients in the DuPTA-group received x-ray 
radiation to aid the guidewire past the stenotic lesion, with a mean radiation dosage area 
product of 27,71 Gy*cm2. Patients in the PTA-group received a mean radiation dosage 
area product of 99,18 Gy*cm2 (p=0,02). In those DuPTA patients where x-ray was utilized 
fluoroscopy time was comparable to PTA patients (resp. 4,2 minutes vs 6,0 minutes; 
p=0,26). Procedure characteristics are summarized in table 3.
 In total four patients died (within one year of intervention), two in each intervention 
group. None of the mortalities were related to peripheral artery disease or intervention.  

Tabel 3: Procedure characteristics per subject

Variables DuPTA (N=72) PTA (N=70)
P-value

Contrast (millilitre) 3.2 [12.8] 67.5 [33.6] <0.01

Radiation dose area product 4.6 [15.1] 99.2 [133.2] <0.01

Fluoroscopy time 0.7 [2.0] 6.0 [7.0] <0.01

Discussion

The aim of the present study was to determine whether the incidence of CIN would 
decline if an endovascular intervention were to be performed without the utilization of 
iodine contrast and evaluate the role of guidewire manipulation on renal function. Duplex-
guided PTA enabled us to treat stenotic iliac lesions, with or without stenting, not having 
to use nephrotoxic contrast. Beside difference in imaging technique the procedure did 
not differ from a conventional PTA. This technique offered us the possibility to evaluate 
the effect of a PTA procedure on renal function without being confounded by possible 
contrast induced nephropathy. 
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CIN

CIN is a well-known complication of endovascular diagnostic and therapeutic 
interventions requiring the utilization of iodine contrast. Although often of non-
significance in a patient with a healthy renal function, patients with chronic kidney 
disease (CKD) might experience severe complications after developing CIN with high 
morbidity and mortality.18 A large retrospective study (n>16000) undergoing a procedure 
requiring contrast showed a 5,5-fold increased risk of death.19 Regrettably, due to the 
progressive nature of atherosclerosis and perseverance in risk behavior, patients often 
require multiple angiograms and endovascular interventions in the course of their 
disease. Increased exposure to iodine contrast required in diagnostic and therapeutic 
procedures, increases incidence and prevalence of CIN annually with 5-8%.20. 
Remarkably, the current article did not identify a single patient with CIN post-intervention 
and no mortality within one year related to CKD. Whereas a recent study by Krasznai et 
al. described an incidence of 13% in patients treated with an endovascular intervention 
for symptomatic peripheral arterial disease. Although the number of endovascular 
interventions increase globally, the overall incidence of CIN decreases in cardiac patients 
from 15% to 7%.18 Due to greater awareness, improved preventive measures and decreased 
nephrotoxicity of newly developed contrast media, great strides are made. However, the 
absolute number of patients diagnosed with CIN remains high due to the ever-increasing 
number of endovascular procedures.  

AERD

Renal impairment after utilization of contrast in endovascular procedures does not 
consequently mean that the damage inflicted is solely caused by the nephrotoxic properties 
of iodine contrast. Manipulation of catheters and guidewires might induce intravascular 
trauma by dislodging atheromatous plaques in the suprarenal aorta and consequently 
occlude renal arteries, arterioles and/or glomerular capillaries with cholesterol crystals.21 
Keeley et al. observed plaque debris on guiding catheters after femoral approach to 
perform percutaneous revascularization in >50% of the study population (n=1000).22 
However, incidence of artheroembolic renal disease (AERD) remains uncertain. Diagnosis 
is frequently acquired in post-mortem autopsy. Arteroembolic renal disease is most 
often iatrogenic and accounts for 76-77% of al diagnosed cases of AERD.23–27 Of the 
iatrogenic causes 80% is induced due to angiographic interventions, such as percutaneous 
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transluminal angioplasty.(23,26,28) Distinction should be made between acute, sub-acute 
and chronic progression of renal function decline. Whereas clinical course of acute and 
sub-acute arteroembolic renal disease can be quite severe, requiring dialysis in 20-61%, 
chronic progression can be quite mild and can go completely unrecognized.23–25,28 Even 
though chronic arteroembolic renal disease can manifest undetected, it is still progressive 
and glomerular filtration rate will decline gradually. Sigterman et al. described a long-term 
loss in renal function after endovascular procedures in patients with symptomatic PAD. In 
this study by Sigterman et al. patients, diagnosed with Rutherford class II to class VI, were 
all treated endovascularly.12 Patients developing CIN had a significant greater reduction in 
eGFR after one year, compared to patients without CIN. Still patients without CIN had a 
decline of 6.2 ml/min/1.73 m2 after one year, whereas normal renal decline is estimated to 
be 0.4 ± 3.6 ml/min/1.73 m2 in elderly people.29 In our study none of the patients developed 
CIN and annual decline of renal function in the patients treated with a conventional PTA 
was 0,64 ml/min/1.73 m2, which is comparable to natural annual decline. Renal decline 
was analysed and CIN was diagnosed according to KDIGO guidelines.8 However, making 
the distinction between CIN and AERD is difficult. The fact that Sigterman et al, and al 
studies alike, did not performed a renal biopsy makes it difficult to differentiate between the 
two diagnoses. It could well be possible that some patients experienced a combination of 
CIN and chronic arteroembolic renal diseases or only chronic arteroembolic renal disease. 
Risk factors for the development of chronic arteroembolic renal diseases are similar to 
patients with PAD. Mainly male patients aged >60 years, history of tobacco use, diagnosed 
with hypertension and/or diabetes mellitus and renal failure prior to intervention are at 
risk. To differentiate between AERD and CIN the timeframe in which serum creatinine 
rises is key. Whereas CIN shows a rise in serum creatinine within 24 hours post-procedure 
and peaks at 5 days post-procedure, AERD shows a more gradual rise in serum creatinine 
and may take weeks to be diagnosed.21,30 Moreover, severe cases of AERD will show clinic 
signs such as skin lesions (blue to syndrome, livedo reticularis).21 Long term effects on 
renal function after developing AERD can vary between spontaneous resolution and 
requirement of dialysis due to end-stage renal disease.31

There is no specific treatment for AERD. However, when diagnosed with AERD supportive 
treatment for renal failure should be initiated as well as preventive measurements for 
potential reoccurrence. Limited evidence is available suggesting statin therapy stabilizes 
plaques and minimalize future cholesterol embolization.31 Traditional risk factors should 
be modified, most importantly cessation of smoking and management of hypertension 
and serum cholesterol. 
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Conclusion

The incidence of CIN in patients treated endovascularly for TASCII A and B iliac lesions 
do not significantly differ between patient treated with or without iodine contrast. No 
conclusion can be made regarding etiology of renal decline post intervention distinguishing 
between CIN and AERD. Adequately powered studies are required to differentiate 
between CIN and AERD in patients treated for PAD with an endovascular procedure of 
the lower extremities.  
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 PART II    Possible solution 
preventing postcontrast 

acute kidney injury
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Abstract

Introduction. Percutaneous transluminal interventions (PTA) are often complicated 
due to post contrast acute kidney injury (PC-AKI) in patients diagnosed with chronic 
kidney disease (CKD). Hydration therapy is the cornerstone in the prevention of PC-
AKI. Furosemide forced diuresis with matched hydration using the Renalguard systemTM 
enables a steady balance between diuresis and hydration. A randomized controlled trial 
will be performed in order to investigate whether furosemide forced diuresis with matched 
hydration in combination with the Renalguard systemTM decreases incidence of PC-AKI 
in patients with CKD receiving a PTA of the lower extremities. Furthermore, we will 
investigate whether sampling of urine biomarkers 4 hours after intervention can detect 
PC-AKI in an earlier stage compared to the golden standard, serum creatinine 48-72 
hours post intervention. 

Methods and analysis. a single centre randomized controlled trial will be conducted. 
Patients >18 years in need of a PTA of the lower extremities and diagnosed with CKD 
will be randomly assigned to receive either standard of care pre- and post-hydration or 
furosemide forced diuresis with matched hydration periprocedural using the Renalguard 
systemTM. Four hours post intervention a urine sample will be collected of all participating 
patients. Serum creatinine will be sampled within 10 days prior to intervention as well as 
1, 3 and 30 days post intervention. The primary endpoint is incidence of PC-AKI post 
PTA. Secondary endpoint is the rise of urine biomarkers 4 hours post intervention.  

Ethics and dissemination. Study protocol is approved by the research ethics committee 
and institutional review board (reference number 16T-201 and NL59809.096.16). Study 
results will be disseminated by oral presentation at conferences and will be submitted to 
a peer-reviewed journal. It is anticipated that study results will offer a solution to contrast 
induced nephropathy in patients with chronic kidney disease receiving a PTA of the lower 
extremities. 

Trial registration number: NTR6236 
EudraCT number: 2016-005072-10
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Introduction

Background

Endovascular treatment of stenotic or occlusive lesions in the management of peripheral 
arterial disease (PAD) requires the use of nephrotoxic iodine contrast. Iodine contrast in 
patients receiving a PTA can cause post contrast acute kidney injury.1–3 Recent update of 
the ESUR (European Society of Urogenital Radiology) guidelines changed the definition 
of contrast induced nephropathy (CIN) to post contrast induced kidney injury (PC-
AKI) as the preferred term for renal function deterioration after contrast medium.4 This 
protocol will refer to CIN as PC-AKI. PC-AKI is defined as a decrease in estimated 
glomerular filtration rate (eGFR) of >25% compared to baseline values or a rise of >0.5 
mg/dl serum creatinine within 72 hours after an iodine contrast mediated procedure 
(KDIGO guidelines).5,6 Krasznai et al. described an 13% incidence of PC-AKI in patients 
treated with a PTA, regardless of prior renal function.7 The incidence of PC-AKI can be as 
high as 50% in high-risk patients and is the cause of 10% acute in hospital renal failure.1,8,9 
Moreover, high-risk patients diagnosed with CKD are known to have an increased risk 
of developing PC-AKI after administration of iodine contrast. CKD and iodine contrast 
are both independent risk factors in the development of PC-AKI.1 Furthermore, CKD is 
a global problem, affecting 10-16 percent of the general population.9 Prevalence of CKD 
is increasing worldwide and is estimated to be as high as 45% in de population aged >70 
years.9 Moreover, incidence and prevalence of PC-AKI are rising 5-8% annually.1

Contrast induced nephropathy is associated with a significant worse outcome due to 
increased risk of cardio-vascular events, acceleration to end stage renal failure requiring 
dialysis and extended hospitalization, causing increased morbidity and mortality.7,10–13 

Moreover, Ramaswami et al. showed a significant higher mortality rate in patients 
developing PC-AKI after receiving a coronary angiography compared to patients without 
PC-AKI (resp. 7.1% vs. 1.1%, n=1826).3 

Extended hospitalization and additional care due to PC-AKI is costly. Average cost of one 
year of dialysis in the Netherlands is estimated to be as high as 80.000 euro. The total 
annual medical costs for patients diagnosed with PC-AKI in the United States are estimated 
700 million to 1 billion dollars.9,14,15 Relevant patient-related risk factors developing PC-
AKI are; chronic kidney disease, diabetes mellitus, heart failure, old age, anemia, and 
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decreased function of the left ventricle.7 The cause of contrast-induced nephropathy is 
attributed by multiple mechanisms. Concisely, free radicals are activated in the kidneys 
due to hyperosmolar stress after contrast is administered, while vasoconstriction induces 
diminished blood supply to the kidneys, inducing hypoxemia.16,17 

Prevention of PC-AKI

Hydration therapy is the cornerstone in the prevention of PC-AKI in high-risk patients.16–18 
Patients with an eGFR <45 ml/min/1.73m2 or an eGFR <60 ml/min/1.73m2 with one 
or more comorbidities (Diabetes Mellitus, Heart failure, PAD) will receive pre and post 
hydration. Per protocol it is customary in our clinic to administer 0.9% NaCl i.v. 3-4 ml/kg/h in 
uncomplicated high-risk patients for 4 hours pre- and 4 hours post intervention. Complicated 
high-risk patients with heart- or renal failure (exercise-induced dyspnea, edema, eGFR <30 
ml/min/1.73m2) receive 12 hours pre and post hydration with 0.9% NaCl i.v. 1 ml/kg/h.  
  Increased diuresis and prevention of dehydration is known to protect patients 
with CKD for possible PC-AKI.11,16–19 However, the volume of administered NaCl 
solution is often too low to warrant any form of renal protection. These low volumes are 
usually motivated by fear of overhydration and pulmonary edema.19 Forced diuresis using 
furosemide in combination with intravenous NaCl 0.9% adjusted to diuresis prevents 
overhydration and provides a mild protection against developing PC-AKI.20 On the 
contrary, some studies show an increased incidence of PC-AKI after use of diuretics in 
combination with high volume hydration. Mismatched diuretic forced diuresis can cause 
vasoconstriction due to intravascular volume depletion and thus concentration of contrast 
in stead of dilution.19–23

Intervention

To achieve high volume diuresis without risking volume depletion or pulmonary edema in 
high-risk patients requires a delicate balance. Recent publications regarding the Renalguard 
systemTM show promising results preventing PC-AKI in patients receiving a coronary 
intervention.18,24–28 The Renalguard systemTM is an infusion system regulating volume of 
NaCl 0.9% administered based on the volume of urine produced. Pre-procedure patients 
receive a 250ml NaCl 0.9% bolus in combination with a dose furosemide (0.5 mg/kg). The 
goal is to achieve diuresis of >300 ml/h before commencing and maintaining output during 
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the procedure. Marenzi et al proved RenalguardTM controlled furosemide forced diuresis 
with matched hydration to be safe and effective in maintaining adequate intravenous 
volume.18 The MYTHOS-trial demonstrated a reduction PC-AKI in 74% of patients 
known with CKD, receiving iodine contrast for diagnostic purposes.18 Moreover, Briguori 
et al. showed an optimal diuresis threshold of >450 ml/h with a minimum of >300 ml/h 
to achieve optimal protection against PC-AKI.27 Previous studies with the RenalguardTM 
did not report any life-threatening events and no serious electrolyte disturbances were 
mentioned.27,28 Briguori et al. described an asymptomatic hypokalemia in 7.5% (30/400) 
of patients, in which only 4% (16/400) required potassium supplementation. No 
significant alterations of sodium levels were observed.27,28 Nor was there a significant 
difference in incidence of pulmonary edema.28 However, all previous mentioned research 
is conducted in a population requiring cardiac diagnostic procedures and therapeutic 
interventions. No evidence is available using furosemide forced diuresis with matched 
hydration in combination with the Renalguard infusion systemTM to decrease incidence of 
PC-AKI in patients with CKD receiving a PTA of the lower extremities.

Diagnosing PC-AKI

Current diagnosis of PC-AKI relies on rise of serum creatinine 48-72 hours post 
intervention. However, patients receiving a PTA are often discharged within 24 hours post 
procedure. Although patients are instructed to return to the clinic for routine control of 
serum creatinine 3 days post intervention, this is often dismissed. Early detection of acute 
kidney injury (AKI) or PC-AKI is based on the slow rise in serum creatinine and therefore 
is an inadequate diagnostic tool.29–31 In the past decade several studies tried to identify urine 
biomarkers for early detection of AKI.31–33 Potential biomarkers are neutrophil gelatinase-
associated lipocalin (NGAL), interleukin-18 (IL-18), kidney injury molecule-1 (KIM-1), 
cystatin C, liver fatty acid binding protein (L-FABP), N-acetyl-beta-D-glucosaminidase 
(NAG), pi-glutathione-S-transferase (π-GST), and tissue inhibitor of metalloproteinase-2 
(TIMP-2).31,32 One of the more promising urine biomarkers to detect AKI is NGAL.30 

Rise in NGAL concentration is greatest 4-6 hours post intervention, with an increase up 
to 25 times compared to baseline value.30 



572750-L-bw-Bolt572750-L-bw-Bolt572750-L-bw-Bolt572750-L-bw-Bolt
Processed on: 18-2-2022Processed on: 18-2-2022Processed on: 18-2-2022Processed on: 18-2-2022 PDF page: 111PDF page: 111PDF page: 111PDF page: 111

111

7

Study hypothesis

Our primary hypothesis is that a significant reduction in the incidence of PC-AKI can 
be established by increasing diuresis (>300 ml/h), using furosemide forced diuresis with 
matched hydration controlled with the Renalguard systemTM in patients with CKD 
receiving an endovascular intervention of the lower extremities. Our second primary 
hypothesis is that sampling of urine biomarkers (NGAL, KIM-1 en IL-18) 4 hours post 
intervention can predict PC-AKI in an early stage in patients with CKD compared to rise 
in serum creatinine 72 hours post intervention.

 
Methods and Analysis

Study design

This study (Protocol V.2.0, date 13 December 2016) is a non-blinded, single centre 
prospective randomized controlled trial. The patients will be included in the ‘Zuyderland’ 
Medical Centre, Heerlen, the Netherlands. Patients with a diminished renal function 
(eGFR <60 ml/min/1.73m2) diagnosed with PAD and in need of an endovascular 
intervention of the lower extremities will be included. Patients participating in this study 
will not require extended hospitalization or additional follow up compared to standard of 
care. Serum creatinine is obtained within 10 days prior to procedural and post procedure 
on day 1, 3 and 30 (Figure 1. Flow chart of the study). Obtaining these serum creatinine 
samples is standard of care. Estimated glomerular filtration rate (eGFR) is calculated 
using the adjusted formula by Levey et al.34 Pre- and post hydration in the control group 
are administered as dictated by hospital protocol. Patients will receive peripheral venous 
access for administration of NaCl 0.9%. Furthermore, a Foley catheter will be placed to 
monitor diuresis. Not within standard of care is administering furosemide (0.5mg/kg) 
in the intervention group in conjunction with a bolus NaCl 0.9% (250ml) to increase 
diuresis. Use of furosemide is a medicine registered to increase diuresis in treatment of 
edema associated with renal disease including nephrotoxic syndrome, congestive heart 
failure, and liver cirrhosis. 

To observe reduction in PC-AKI we compare patients treated with furosemide forced 
diuresis with matched hydration to a control group. Control group will receive standard 
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of care pre and post hydration (described in intervention and comparison). This trial is 
registered with the Netherlands Trial Register.nl (NTR6236), registration date. The total 
study period is two years, from April 2018 to March 2020. 

Figure 1. Flow chart of the study. Eligibility based on in- and exclusion criteria. Enrolment 
by random assignment. Serum creatinine for measurement of renal function pre- and post 
procedure. Urine sampling to analyse biomarkers post procedure.
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Patient and Public Involvement

Patient and public were not involved in the design, recruitment to and conduct of the 
study. The research question was not developed based on patients’ priorities, experience 
or preferences.  Results of the study will be disseminated to the study participant upon 
request. 

Outcome measurements

Primary endpoints are defined as the incidence of PC-AKI, 3 days after a successful 
endovascular procedure of the lower extremities. Serum creatinine is measured post 
intervention on day 1, 3 and 30. Patients are required to return to the hospital for blood 
samples at day 3 and day 30. PC-AKI is defined as a decrease in eGFR >25% or rise in serum 
creatinine of >0.5mg/dl compared to baseline values. Primary success is defined as a 50% 
reduction in the incidence of contrast induced nephropathy in the RenalguardTM group 
using furosemide forced diuresis with matched hydration. Second primary endpoint is rise 
of urine biomarkers, after successful endovascular intervention of the lower extremities. 
Positive rise in urine biomarkers (NGAL, IL-18 and/or KIM-1) is defined as an AUC-
ROC (area under the curve ROC) >0.7 sampled 4 hours after concluding endovascular 
procedure. Rise in urine biomarkers will be compared to rise in serum creatinine 72 hours 
post intervention to see if there is a correlation and early detection of PC-AKI. 

Secondary endpoints are complications due to PC-AKI-prophylactic therapy (PC-AKI 
requiring dialysis (previously not requiring dialysis), serious electrolyte disturbances 
(requiring addition treatment) and/or acute pulmonary edema (radiologic confirmation 
and requiring diuretic medication)), post-operative in-hospital adverse events (acute 
myocardial infarct (confirmed on electrocardiogram), death), length of hospitalization, 
post-operative complication at home requiring additional care (seroma, wound infection, 
pseudo aneurysm and re-occlusion or re-stenosis within 4 weeks after intervention). 
Complications will be registered in the days post intervention while hospitalized and 
evaluated 4 weeks after intervention in the outpatient clinic by a vascular surgeon, unaware 
to allocated treatment. The follow up data will be collected and processed by a member 
of the study team, not blinded to allocated treatment. It should be mentioned that this 
protocol is not powered to detect significant differences in the incidence of adverse events 
between the two treatment groups. 
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Other clinical study parameters

The following baseline parameters will be collected: age, gender, ethnicity, height, weight, 
diabetes mellitus (defined as receiving anti diabetic treatment, not diet-controlled), 
hypertension (defined as a systolic pressure >140 mmHg (measured at the preoperative 
work up of the anesthetist) or use of anti hypertensive medication), heart failure (defined 
as an ejection fraction <40%), baseline renal function (acquired at standard preoperative 
assessment, <10 days of intervention). The following operative data are collected: location 
of stenosis/occlusion (iliac, femoral, BTK or multi-level), OR-time, radiation dose, 
radiation time, volume of contrast, volume of NaCl 0.9% administered (90 minutes pre- 
till four hours post- intervention). Table 1. Schedule of enrolment.

Table 1 Schedule of enrolment, intervention and assessment

Study Period

Process Time point Screening, 
enrolment 
and 
allocation 

Pre intervention
(10 days)

Intervention FU + 
4hour

FU + 
1day

FU + 3 
days

FU 
+ 30 
days

Screening, enrolment 
and allocation

Eligibility screen X

Informed consent X

Baseline parameters X

Vital signs X X X X X X

Intervention

Operative data X

RenalguardTM X X X X X X X

Standard of care X X X X X X X

Assessment

Urine biomarkers X

Serum creatinine X X X X

Outcome measurements

Primary X X X X

Secondary X X X X X

*FU, Follow up
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Study population: Patients with chronic kidney disease (eGFR <60 ml/min/1.73m2) 
diagnosed with PAD requiring a PTA of the lower extremities.

Inclusion criteria

•	 Patients at least 18 years of age
•	 Diagnosed with occlusive or stenotic peripheral arterial disease requiring an 

endovascular intervention with contrast.
•	 eGFR <60 ml/min/1.73m2

Exclusion criteria

•	 Hypersensitivity to furosemide
•	 Use of intravenous contrast within 10 days prior to qualifying intervention
•	 Expected to receive intravenous contrast within 72 hours after qualifying 

intervention
•	 Unable to receive a Foley catheter   

 
Sample size calculation

Sample size is based on a randomized controlled trial comparing standard hydration 
therapy with RenalguardTM controlled furosemide forced diuresis with matched hydration 
in patients with CKD receiving a coronary procedure.18 Incidence of PC-AKI in the 
RenalguardTM group was 4.6% compared to 18% in the control group (standard of care 
hydration therapy). Based on these results a sample size is calculated with a significance 
level of 5% and a power of 80%. Sample size is estimated to include 86 patients in each 
group, with a total sample size of 172 patients. Taking into account a possible lost to 
follow-up or early withdrawal of 5%, a total sample size of 180 patients is required.    
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Randomization and concealment

Randomization will be performed using a randomization program (http:/www.
graphpad.com/quickcalcs/randomize2.cfm). Randomization will be performed prior 
to first inclusion. Patients will be assigned treatment in consecutive order as dictated 
by the randomization list. Included patients will be allocated a unique study number. 
When written consent is acquired a second study member will be approached for the 
randomization, unaware of patient characteristics to minimize selection bias. Allocation to 
a treatment group and study number will be registered in a password-protected document 
only accessible for the principle- and coordinating investigator. Blinding of patients and 
study members is not possible, as patients in the intervention group will be treated with 
the Renalguard infusion systemTM during and continuing 4 hours post intervention. The 
Renalguard infusion systemTM is installed prior to intervention. The control group will 
receive pre-hydration 4 hours prior to intervention and 4 hours post intervention. 

Recruitment of participants

When referred by general practitioner patients will receive an ankle brachial index (ABI) 
and duplex-ultrasound of the lower extremities prior to first presentation in the outpatient 
clinic. Up to Rutherford classification III patients will innately be treated with supervised 
exercise therapy (SET). When not responding to SET an MRA is performed. All patients 
with peripheral arterial disease (PAD) (non-responders to SET and Rutherford IV-VI) 
with a new MRA will be discussed in a multi-disciplinary meeting of vascular surgeons 
and interventional radiologists. Treatment options are discussed and a plan of approach is 
formulated. If the patient qualifies for an endovascular intervention and is eligible to be 
included in this study, a member of the study group will provide information regarding 
the study orally and on paper. A week after the information is provided a member of 
the research group will call the patient and inquires whether the patient is willing to 
participate in the study. After oral confirmation the patient is required to provide written 
consent at the outpatient clinic before randomization (Figure 1. Flow chart of the study). 
If the patient does not wish to participate in the study he/she will be scheduled for a 
regular procedure according to standard of care. This decision will not influence quality of 
treatment nor will there be any resentment towards the patient. 

https://graphpad.com/quickcalcs/randomize2.cfm
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RenalGuard systemTM

The Renalguard systemTM is consists of a console and (disposable) RenalGuardTM set for 
infusion and urine collection. The disposable set contains a urine collection set that can 
be connected to a standard Foley catheter and an infusion set that can be connected to a 
standard IV catheter. The console weights the volume of urine produced in the collection 
set and administers an equal amount of hydration fluid (NaCl 0.9%) to match diuresis. 
The console relies on a patented software and electronic weight measurements to adjust 
velocity in which hydration fluid is administered as well as monitoring of diuresis. The 
console is mounted on an adjustable IV pole and is equipped with an internal battery 
enabling the console to keep functioning during transport from ward to operating theatre 
and vice versa. 

Intervention and comparison

Nephrotoxic medications (NSAID, metformin) are ceased on the day of intervention. Pre- 
and post hydration in the control group does not differ from current clinical treatment. On 
the day of intervention, the patients will report on the pre-operative ward at 7.30. Patients 
are instructed to stop oral intake after 24.00 the day before intervention. Oral fluids 
before 24.00 are permitted. Patients are prepped according to local protocol. An IV line 
and a Foley catheter are placed to administer fluids and monitor diuresis. Uncomplicated 
high-risk patients receive 4 hours pre- and 4 hours post hydration with 0.9% NaCl i.v. 3-4 
ml/kg/h. Complicated high-risk patients due to heart- or renal failure (exercise-induced 
dyspnea, edema, eGFR <30 ml/min/1.73m2) receive 12 hours pre- and post- hydration 
with 0.9% NaCl i.v. 1 ml/kg/h. Hydration therapy in the control group is administered 
as dictated by hospital protocol. Endovascular intervention will be performed in a hybrid 
operating theatre by one of three vascular surgeons. After concluding the procedure patients 
will be transported to the general ward. Regular controls will be performed according to 
hospital protocol. Four hours after procedure the urimeter will be emptied, thereafter 
the urine produced in 15 minutes is collected for analysis. Once urine is collected the 
Foley catheter will be removed. Serum creatinine is obtained one-day post intervention. 
If there are no complications and spontaneous micturition is observed the patient will be 
discharged. Three days post-intervention the patient is instructed to have a blood sample 
taken (in the hospital) to establish serum creatinine. Follow-up will be performed by one of 
the vascular surgeons. Four weeks after intervention patients will have a routine outpatient 
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control. Prior to this follow-up moment patients will receive a control duplex to evaluate 
treated lesion. Furthermore, serum creatinine is measured four weeks post intervention. 
  Patients in the intervention group will be prepped in a similar fashion. However, after 
placing an IV line and Foley catheter the Renalguard systemTM will be connected. 90 
minutes prior to intervention the patients receive 250 ml NaCl 0.9% IV in 30 minutes. 
After NaCl is administered the patient will receive furosemide (0.5mg/kg) intra venous. If 
observed diuresis exceeds 300 ml/h the patient is ready for procedure. To maintain diuresis 
of >300 ml/h an additional dose furosemide can be administered up to a maximum dose 
of 2mg/kg. According to national guidelines the maximum dosage furosemide for adults 
(IV/oral) should not exceed 1500 mg/day. The total dosage administered in the study 
is well below maximum. The RenalguardTM will remain in situ up to 4 hours after the 
intervention is concluded. After removal of the RenalguardTM the urimeter will collect the 
urine production for 15 minutes for analysis. Thereafter postoperative treatment is similar 
to the control group. 
 Urine samples collected for analysis will be stored at a temperature of 4 °C till processing. 
Urine will be centrifuged for 10 minutes at a speed of 3000 rpm. The supernatant will be 
stored in 500 μL aliquots at a temperature of -80°C till further analysis. After completion of 
the study all urine samples are thawed and analyzed using enzyme-linked immunosorbent 
assay (ELISA) kits to measure each individual urine biomarker.24,34

Data collection and monitoring

Baseline data and study results will be collected and reported on paper case report forms (CRFs). 
The CRFs are created prior to study initiation. The CRFs will be stored in a secure cabinet. 
The principle investigator (PI) and coordination investigator will be the only researchers 
with access to these files. Data will be summarized in an SPSS file for further analysis.  
All included patients will receive an anonymized study number. Coded data will be 
stored in a password-protected excel-file. This file will only be accessible to the PI and 
coordinating investigator. Healthcare inspectors, auditors, monitors and members of the 
medical ethical commission might be granted access to the source data on request as 
is prescribed by the law. Data and urine samples are treated as dictated by the ‘code of 
conduct’ for adequate use and secondary use of human tissue and use of data in healthcare 
research (Foundation Federation of Dutch Medical Scientific Societies).35 Data will be 
stored for the duration of 15 years after conclusion of the study. 
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Statistical analysis

The results of this study will be collected and analyzed in a secure database. Database will 
receive a periodical back up. Only members of the research group and licensed authorities 
will be able to access the database.  

Baseline and per operative characteristics are presented as means and standard deviations 
or median and interquartile ranges as is common for continues variables and as percentages 
for categorical variables. 

Intention-to-treat analysis will be conducted on the final data. The primary outcome is 
based on the incidence of PC-AKI and will be presented in a contingency table. Statistical 
tests for significance will be performed using the Chi-square test for categorical variables. 
Continues variables are compared using the one-way ANOVA or the Kruskal-Wallis 
test. Furthermore, proportion comparison (z-test) or calculations for odds-ratios will be 
performed. Risk factors for PC-AKI, increased urine biomarker concentrations and fast 
renal decline are evaluated using multivariate logistic regression analysis.  

Receiver operating characteristic (ROC) curves of the urine biomarkers for early detection 
of PC-AKI are calculated, as well as ‘area under the curve’ (AUC ROC) with correlating 
standard error. Urine biomarkers are evaluated for their diagnostic accuracy for clinical 
use if lower 99% confidence interval is >0.70. Patients with missing primary outcome 
data (complete case analysis) will be excluded. Whereas, sensitivity analysis with multiple 
imputations (mean of 5 imputations) will be performed for missing values other than 
primary outcome data. Optimal cut-off point for urine biomarker values for diagnosing 
PC-AKI and corresponding sensitivity and specificity are calculated assuming false positive 
and false negative result are of equal clinical importance using the following formula: 
Sensitivity – ((1 – Prevalence) / Prevalence) * (1- Specificity).

Clinical outcome of patients are compared to four categories (no PC-AKI and normal 
biomarkers, no PC-AKI and increased biomarkers, PC-AKI and normal biomarkers, PC-
AKI and increased biomarkers). Statistical analysis will be performed by L.J.J.B. using 
SPSS (IBM Corp, Armonk, New York, V.21.0).
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Adverse Events

All adverse events (AE’s) observed by the study subject or by a member of the research group 
are noted and filed. Serious adverse events (SAE’s) are unexpected medical events or effect 
with potential risk of; death, life threatening, hospitalization or extended hospitalization, 
chronic impairment, or other important medical occurrences potentially harming the 
patient or requiring an intervention to advert one of the previously mentioned outcomes. 
SAE’s occurring within 4 weeks after intervention are required to be reported to the 
research ethics committee (REC). The primary endpoint in this study is defined as PC-
AKI 3 and 30 days post-intervention and accounts for the limited period in which SAE’s 
need to be reported. SAE’s that occur within the 30 days post intervention are reported 
within 15 days. If a patient dies or a life-threatening situation unfolds, the REC needs to 
be notified within 7 days. If health of included patients is at risk, the study will be stopped 
and REC will be notified. In this period the REC will investigate possible risks. (S)AE’s 
will be followed until a stable situation is created or the SAE is resolved. 

Ethics and dissemination

The study protocol was submitted and approved by the research ethics committee (REC) 
and the institutional research board (Zuyderland Medical Centre, Heerlen). This trial will 
be conducted following the Good Clinical Practice Guidelines, the declaration of Helsinki 
(7th amendment, October 2013) and in accordance with national legislation (Medical 
Research Act). Substantial amendments to the study protocol will be re-submitted to 
the original research ethics committee.  It is not required to submit a non-substantial 
amendment to the REC, however a note to file is created and archived by the investigator. 
A substantial amendment is defined as an alteration to the originally submitted study 
protocol or supporting document with high probability to impact: safety or the physical 
or psychological integrity of the study subject, scientific value of the study, conducting or 
management of the study, quality or safety of one of the interventions in the study. All 
substantial amendments are submitted to the REC of initial approval of the study protocol.  
Research findings will be submitted for publication in a PubMed-indexed medical journal 
within one year after inclusion of the last patient. If the study manuscript is not accepted 
for publication the research findings will be made publically available on the Internet. 
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Discussion

Total period of inclusion will be two years and is expected to finish May 2020. Study 
results will clarify whether furosemide forced diuresis with matched hydration using the 
Renalguard systemTM is superior in the prevention of PC-AKI compared to standard of 
care hydration therapy in patients with CKD. Furthermore, this study will define whether 
urine biomarkers, NGAL, IL-18 and KIM-1, are adequate biomarkers in detection of 
PC-AKI within 4 hours post intervention compared to serum creatinine after 72 hours.  

Outcomes reported from a systematic review and meta-analysis of randomized controlled 
trials show furosemide forced diuresis with matched hydration using the Renalguard 
systemTM in patients undergoing interventional procedures to significantly decrease the 
need for renal replacement therapy.28 However, all included trials performed coronary 
interventions or percutaneous aortic valve replacement. No literature is available using 
furosemide forced diuresis with matched hydration in patients treated endovascular 
for symptomatic PAD. Nor is any previous research available using the Renalguard 
systemTM in patients with PAD. Safety evaluation of the Renalguard systemTM in the 
previous mentioned systematic review showed no increased risk of electrolyte imbalance 
or pulmonary edema compared to conservative treatment.28 However, the meta-analysis 
included only four trials with high risk for bias. Larger RCT’s are needed to exemplify 
possible effectiveness in endovascular interventions other than coronary procedures.

PC-AKI is diagnosed by a gradual increase of serum creatinine concentration within the 
first days after endovascular procedure. 5,6 Delay in diagnosis due to slow increase in serum 
creatinine makes it an inadequate marker in the early detection of PC-AKI. As previously 
mentioned in this protocol, patients are often discharged before serum creatinine can be 
assessed 48-72 hours post-intervention. Despite instructions to return for serum creatinine 
controls, patient often refrain from follow-up. Evaluating urine biomarkers 4 hours post 
intervention might possibly address this matter and enable us to detect PC-AKI in an 
early stage. Use of urine biomarkers depends on the diagnostic accuracy of the studied 
urine biomarkers and whether they are sufficiently high. Although PC-AKI rarely requires 
renal replacement therapy, early detection of PC-AKI increases awareness and provides 
an opportunity to closely monitor renal function and intervene immediately if necessary 
without delay.     
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In this RCT, we will include patients with CKD who qualify for an endovascular 
intervention of the lower extremities, regardless of anatomic location. Patients can be 
treated solely with angioplasty or with additional stenting. Consideration for additional 
stenting will transpire perioperative. The decision to include only patients with CKD was 
made based on previous literature proving renal replacement therapy is rarely needed in 
patients diagnosed with PC-AKI but without CKD.36 PC-AKI requiring renal replacement 
therapy is prevalent in 1% of the patients without CKD, compared to 7% in patients with 
CKD.37

This trial is the first to investigate whether furosemide forced diuresis with matched 
hydration using the Renalguard systemTM can reduce the incidence of PC-AKI in patients 
with CKD and PAD receiving a PTA of the lower extremities. Furthermore, this study is 
the first study to establish the use of urine biomarkers in patients receiving a PTA in the 
detection of PC-AKI compared to serum creatinine.  

It is anticipated that study results will provide a solution for early detection of contrast 
induced nephropathy and offer a preventive measure in patients with chronic kidney 
disease receiving a PTA of the lower extremities. Study results will be disseminated by oral 
presentation at conferences and will be submitted to a peer-reviewed journal. 
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Abstract

Background. Supervised exercise therapy is the first step in treatment of intermittent 
claudication. However, adherence to supervised exercise therapy is low. Limited access 
and reimbursement issues are known reasons, though lack of motivation is often leading.  
Behavioral determinants influencing motivation and thus adherence to supervised exercise 
therapy remain to be investigated. In this study we sought to determine which behavioral 
determinants would be of influence on the long-term adherence of supervised exercise 
therapy.

Methods. 200 patients, newly diagnosed with peripheral arterial disease Rutherford 
classification II-III, were sent a questionnaire to assess motivation and behavior with regard 
to supervised exercise therapy. The questionnaire was constructed using the I-CHANGE 
model for explaining motivational and behavioral change. Baseline characteristics were 
acquired from medical records. Alpha Cronbach’s was calculated to test reliability of the 
questionnaire.

Results. 108 (54%) patients returned their questionnaire. A total of 79% patients followed 
supervised exercise therapy. Patients who increased their walking distance after supervised 
exercise therapy have significantly greater knowledge (p=0.05), positive attitude (p=0.03) 
and lower negative attitude (p=0.01). Patients with a higher self-efficacy remained 
significantly more active after participating in supervised exercise therapy (p=0.05).  

Conclusion. Increasing the determinants knowledge, attitude and self-efficacy will 
improve adherence to supervised exercise therapy and result in delayed claudication onset 
time.

Keywords:
Peripheral arterial disease (MeSH), Exercise therapy (MeSH), Motivation (MeSH), 
Behavior (MeSH), I-Change Model
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Introduction

Intermittent claudication (IC) due to peripheral arterial disease often lead to an inactive 
lifestyle due to pain in the lower extremities and is associated with increased mortality.1–3 
Conservative treatment using supervised exercise therapy (SET) is recommended as the 
first step in treatment of intermittent claudication by international guidelines.4 SET 
improves functional performance considerably, prolonging claudication onset time 
(COT) and peak walking time (PWT) within six months.4–7 Several studies have shown 
that improvement in functional performance after SET is comparable or even superior to 
endovascular revascularization regarding COT and PWT.7,8 Improvement in quality of life 
is even comparable between iliac stenting and SET after six months.7 However, due to low 
accessibility, reimbursement issues and low patient compliance, SET is often disregarded.6,9 
Bartelink et al. demonstrated that only 68% of patients actually participated in supervised 
exercise therapy after prescription.10 This might be due to several disadvantages, such as 
pain experienced during exercise before actual progress in COT and PWT. Moreover, 
regular exercise is time consuming and there is no immediate relieve of complaints, in 
contrast to endovascular interventions.9,10 Comorbidities limiting mobility or non-limiting 
IC symptoms (Rutherford I) are also reasons for low physical exercise compliance.10 

In this study we sought to determine which behavioral determinants influence long-
term adherence to SET and successful prolongation of peak walking distance (PWD) 
after supervised exercise therapy. Adherence can be described as the degree of a patient’s 
behavior corresponding to the agreed recommended therapy (WHO 2003). Patient 
participation is key in deciding treatment options. The results of an intervention can be 
reduced by an inadequate adherence. Several studies involving patients with coronary 
heart disease showed that motivation and self-efficacy are important determinants in 
the process to change health behavior and long term adherence to physical exercise.11,12 
Teixeira et al. identified autonomous motivation, self-efficacy and self-regulating skills as 
significant mediators for physical activity in patients with obesity.13 To assert the cause 
of low adherence to exercise therapy we sought to determine whether the determinants 
knowledge, risk perception, attitude, self-efficacy and intention have a significant influence 
on compliance and outcome measurement PWD. A survey was constructed using the 
I-CHANGE model to assess these determinants.

The authors hypothesize that patients with greater overall scores in this retrospective survey 
will improve PWD to a greater extend compared to patients with low scores. It is expected 
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that optimizing behavior towards SET will improve adherence and improved adherence 
will eventually result in greater increase of PWD.

 
Material and Methods

With the use of a cross-sectional survey combined with retrospective research of prospective 
acquired patient characteristics, 200 patients were approached to fill out a questionnaire. 
Using the questionnaire, we obtained data at one specific point of time, analyzing the 
adherence at least six months after SET was prescribed. Patients were identified from 
electronic medical records diagnosed with symptomatic peripheral arterial disease, 
Rutherford classification II-III [ICD-10 I73.9]. All patients were newly diagnosed with 
PAD (Rutherford II-III) in the outpatient clinic between January 2014 and June 2015, 
patients who were prescribed SET in the last six months before sending questionnaires 
were not included. Rutherford classification II is defined as moderate intermittent 
claudication with a maximal PWD of 500 meters, whereas class III is defined as severe 
intermittent claudication with a maximal PWD of 200 meters. The following baseline 
characteristics were acquired from medical records; age, gender, body-mass-index (BMI), 
level of education and marital status. A questionnaire was developed using the theoretical 
framework of the I-change model (ICM). This model is used to explain the abilities 
needed to perform a certain behavior, based on intention, ability and skills required. The 
questionnaire was composed out of determinants based on whether they were changeable 
and for their importance. Although static facts like socio-economic status and distance to 
SET location are known factors in low adherence to SET, these unchangeable facts are not 
included in our survey. The survey contained 10 questions regarding; knowledge (19 a/b, 
20), risk perception (21 a/b/c), attitude (22/23), self-efficacy (24) and intention towards 
physical exercise (25). One question can be itemized in to a maximum of nine items. In 
other words, the same question asked under different circumstances. A total of 49 items 
are scored regarding these five behavioral determinants. Twenty additional questions were 
asked to establish baseline characteristics.

Knowledge was measured on 17 different items (α= 0.74) (for example ‘the pain in my legs 
due to vascular stenosis does only reflect the vascular state in my legs, not other parts of my 
body’) and was answered with true or false. Risk perception on the subscale ‘susceptible 
for’ with 13 items (α = 0.91) (‘If I would stop smoking, I would…’) was answered on 
a 5-point Likert-scale. A Likert-scale enables a patient to respond to a statement on a 
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symmetric agree-disagree scale to reflect their level of agreement. The attitude of a person 
can consist out of pro’s and con’s with regard to the behavior asked, in other words a 
positive or negative attitude. Positive attitude was measured on 6 items (α= 0.86) (‘If I 
walk regularly it will prevent progression of my vascular disease’), negative attitude was 
measured on 6 items (α= 0.76) (‘Walking regularly will consume a lot of time’), both were 
scored on a 5-point Likert scale. Self-efficacy was measured with 6 items (α = 0.88) (Do 
you think you will exercise if you experience pain while walking?) and was answered on 
a 5-point Likert scale. Intention was measured with a single question (I am determined 
to listen to the doctors advise and will exercise on a daily bases) on a 5-point Likert scale 
from 1 (definitely not) to 5 (most definitely). Finally, exercise behavior was subjectively 
measured by the patient with regard to walking distance before and after SET in the 
outpatient clinic, three months after SET, as is common in our practice. This study was 
performed with approval of the institute medical ethical committee (METC Z) and carried 
out in accordance with the declaration of Helsinki. Accompanying the questionnaire was 
an informed consent form, which was returned together with the questionnaire.  
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I-CHANGE Model

The questionnaire was constructed using the Integrated Model for explaining motivational 
and behavioral change (I-CHANGE model) developed by de Vries et al. (fig.1)14 

Figure 1. I-Change Model

This model states that extroverted and introverted behavior is expressed by a person’s 
intention or motivation to exhibit a certain type of behavior.14,15 A person’s abilities 
and intentions determine the expressed behavior. Intentions however can sway rapidly 
and vary from absent awareness of behavior to considering altering one’s behavior. Any 
intention to alter behavior often exists out of a necessity, for instance complaints of pain 
interfering in daily activities and quality of life. To display or alter certain behavior a 
person needs to implement their intentions and requires the ability to prepare and 
execute deliberate plans, as well as being able to execute the behavioral skills needed.14 
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According to the I-change model a person’s motivation is determined by three factors: 
attitude, social influences and self-efficacy.14 Attitude is determined by a person’s perception 
of emotional and cognitive benefit or detriment of the behavior. The role of social influences 
is how a particular type of behavior is perceived by others, values associated with this type 
of behavior and the covert and or overt feedback from others when exerting this behavior. 
Self-efficacy is a person’s assessment of his own capability to perform a type of behavior.16,17 
Attitude, social influences and self-efficacy are on their own determined by various distal 
factors such as awareness (e.g. knowledge, level of intelligence) and predisposing factors: 
habits, socioeconomic status, psychological factors (cognitive characteristics), social and 
cultural factors (norms and values) and biological factors (genetic aptitude).15,18 Behavior 
change can be opposed by these various distal factors.

Supervised exercise therapy

All patients newly presented in our outpatient clinic with PAD, Rutherford classification 
II-III [ICD-10 I73.9], are forwarded to the physiotherapist to participate in 12 weeks of 
SET. During the first four weeks patients exercise three times a week. The following eight 
weeks consists out of two training sessions per week. 19 After completing the 12 weeks, 
patients return to the outpatient clinic to evaluate the progression in PWT (peak walking 
time) and COT (claudication onset time). The patients exercise individually on a treadmill 
under supervision of a physiotherapist, at the physiotherapists’ clinic. The patients are 
instructed to participate in SET three times a week, one session is 30 minutes. The sessions 
are tailored. A patient walks at a speed op 3,5 kilometer per hour for as long as he can 
until the pain becomes unbearable. After the patient stops and de pain has completely 
resided, the patient will start walking again. This cycle continues until 30 minutes have 
passed. Exercise progression is measured in the gain in PWT and COT on the treadmill, 
comparing the first session with the last session after 12 weeks of SET. Beside supervised 
exercise therapy, patients are stimulated to exercise daily on their own (unsupervised) and 
apply the same principle as with SET by pushing the PWT as long is possible until stop 
is required. No additional motivation strategies are applied. The only education patients 
receive is in the 10 minutes outpatient contact with the physician and an information folder.  
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Sample size

Sample size was calculated using a method published by Andy Field.20 To calculate sample 
size the following formula is used; 50+8k, where k stands for the number of independent 
variables, with a desired coincidence interval of 0.05.20 The number of independent variables 
in this questionnaire is 6, yielding the following result: 50+(8*6)=98 questionnaires. Based 
on literature response rate is estimated to be 50%.10 Total sample size of patients required 
to receive a questionnaire was calculated to be 196. A total number of 200 questionnaires 
were send.

Statistical analyses

Continuous variables were expressed as means with range and categorical variables 
expressed as percentages. Missing data were replaced with the mean of five imputations. 
Baseline characteristics were compared using unpaired t-test for continues variables and 
chi-square for categorical variables. Logistic regression was applied to identify predictors, 
predicting whether SET does or does not increase walking distance.  Cronbach’s Alpha 
was calculated for each of the six variables, a value of 0.7 was deemed reliable. Cronbach’s 
Alpha was greater than 0.7 for all determinants and thus valid as measurement tool 
regarding al separate determinants. Results with a P-value less than 0.05 were considered 
statistically significant. Statistical analysis was performed by L.J.J.B. using SPSS version 
21 (SPSS Inc., Chicago, IL).

 
Results

In total 200 questionnaires were sent to selected patients, 108 patients (54%) completed 
and returned their questionnaires. Mean age was 72 (53-92) years and 62 patients were 
male (57%). Patient demographics are presented in table 1. 
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Table 1. Demographic characteristics

Mean age (years) 72 (range 53-92)

Gender (male, %) 57

Mean Body mass index 27 (range 18-61)

Smoker (%) 41

Diabetes mellitus (%) 22%

Hypertension (%) 61%

Impaired renal function (MDRD <60 ml/min/1,73m2)(%) 39%

Lipid-lowering medications (%) 54%

Oral anticoagulants 61%

Acetylsalicylic acid 77%

Vitamin K antagonist 15%

Other anti platelet drug 6%

Factor Xa inhibitor 2%

Level of education

No education 2%

Primary school 20%

Secondary school 43%

Secondary vocational education 16%

Higher professional education  15%

University 4%

Marital status

Bachelor 7%

Married 65%

Widow/Widower 26%

Re-married 2%

 
Some 79% (n=85) actually did follow supervised exercise therapy, of which 58 (68%) 
stated to have increased their PWD (fig.2). Mean duration of SET was 31 (2-52) weeks. 
Of the 108 patients who returned their questionnaires, 80 (74%) patients still complained 
of pain in the lower extremities during exercise, with or without improvement (fig.2). 
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Figure 2. Study population (n=108) referred to SET

Figure 3. ABI before and after SET
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Mean Ankle-brachial-index at first contact was 0.72 (0.40-1.16) and 0.40 (0.13-0.90) 
after a graded treadmill test. Ankle-brachial-index after attending SET was 0.86 (1.16-
0.62) and 0.51 (0.29-0.84) after graded treadmill test, measured 6-12 months after initial 
presentation. Ankle-brachial-index was significantly improved after SET in rest (p=0.01) 
and after graded treadmill test (p=0.04)(fig.3). 

Figure 3. ABI before and after SET

Furthermore, 41% (n=44) of all patients who returned their questionnaire were still active 
smokers. The reason why patients received SET is clear to 95% (n=97). Off all patients 
15% did not understand why they did not qualify for an endovascular procedure.

A reason for premature termination of therapy or not initiating therapy at all was often 
due to high costs, not covered by basic insurance (48% of all reasons provided, n = 14). 
Ten percent off all patients stated that they were never referred to a physical therapist for 
supervised exercise therapy. After initiating SET, 9 patients (8%) required an endovascular 
intervention within one year. All of these patients stated to have no self-reported benefit 
from supervised exercise therapy.
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A significant difference, discriminating between patients who did and those who 
did not extend PWD after SET, was found for the following determinants: greater 
knowledge (p=0.05), positive attitude (p=0.03) and a low negative attitude (p=0.01). 
Patients who were physically more active after having participated in supervised exercise 
therapy have a more positive attitude (p=0.01) towards exercise therapy and a higher 
self-efficacy (p=0.05), compared to patients not increasing their exercise activities.  
Logistic regression analysis between patients who extended their walking distance after 
supervised exercise therapy versus the group who did not extended their walking distance 
was performed. This analysis indicates that a negative attitude towards exercise therapy 
to be a significant predictor in the extent of increased COT and PWT (p=0.02), with an 
odds ratio of 3,6. 

Anatomical location of stenosis, measured with duplex (significant if stenosis >70%), 
appears to be relevant in the subjective gain in walking distance after supervised 
exercise therapy (Table 2). Below the knee (BTK) lesions have the most profit 
with a gain of 2083 meters, significantly more when compared to femoral (595 
meters, p=0.03) and multi-level (494 meters, p=0.02). However, in the subgroup 
of patients with aorta-Iliac stenotic lesions no significant difference was found 
compared to all other anatomic regions (726 meters, resp. P=0.1, 0.6 and 0.5).  

Table 2. Anatomical location of stenosis

Anatomical location of stenosis

Iliac 25%

Femoral 44%

BTK 7%

Multi-level 24%

Discussion

In the current study the authors sought to determine which behavioral determinants are of 
influence on long-term adherence to SET and improvement of PWD. When participating 
in supervised exercise therapy, patients with greater knowledge, a positive attitude and a low 
negative attitude showed better results regarding subjective increase of their PWD. A greater 
knowledge of peripheral arterial disease and greater awareness of clinical progression of the 
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disease might alter behavior and improve attitude and motivation regarding exercise therapy.  
It is well established that adherence to unsupervised exercise therapy is poor.10 Patients 
with PAD often maintain a sedentary lifestyle to avoid pain, even though disregard to 
physical exercise will eventually lead to worsening of physical functioning.21,22 This is also 
reflected in a study by Fakhry et al. stating that without proper guidance of supervised 
exercise therapy, improvement in both COT and PWD is significantly less in non-
interventional observation.9,23 Furthermore, absence of motivation, socio-economic 
status, reimbursement issues, low availability and distance to SET location are previously 
described reasons of low adherence to SET. However, as of January 2017, 37 sessions 
are reimbursed by basic insurance in the Netherlands, this will possibly contribute to 
improved adherence. Still, there is a minimum policy excess of €386,-. 

Another reason for low adherence to SET is the perceived information by the patient 
in the outpatient clinic. Ten percent of patients who were referred for SET did not 
recall being referred. In other words, information provided in the outpatient clinic is 
not always interpreted correctly or understood. Despite receiving a referral for SET on 
paper, being provided with information brochures and follow-up appointments, the 
medical plan of approach is not always clear to the patient. Furthermore, the low level of 
education of the study population should be taken into account. The majority of patients 
received education up to secondary school or lower (65%). Whereas only 35% of the 
patients have an educational level exceeding secondary school. Provision of information 
and future interventions to improve knowledge need to be comprehensible to the 
population of interest and should be compatible with level of cognition. Large quantities 
of complicated information are unlikely to be comprehended. Moreover, complicated 
educational methods will be unlikely to improve motivation and exercise behavior.  
Beside obvious physical limitations of PAD, patients also need to adjust mentally to 
the diagnosis and what this entails. When PAD is established patients are instructed 
to participate in exercise therapy, whereas no intervention is initiated to address the 
psychological aspect of coping with PAD. As this study indicates knowledge and awareness 
should be raised to help the patients understand the disease and possible implications. 
If the patient is non-compliant to SET attitude and behavior ought to be addressed. 
Implementing cognitive behavioral therapy could be of great benefit in improvement of 
adherence to SET. Whereas. McDermott et al. concluded in the GOALS’s Trial that a group-
mediated cognitive behavioral intervention increased treadmill walking time and physical 
activity among patient with PAD participating in home-based exercise therapy.24 During 
six months weekly group-meetings with PAD patients and a facilitator where organized to 
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increase adherence to walking exercise by offering group support and self-regulatory skills.24  

This study indicates that improvement of adherence and motivation regarding SET and 
home-based exercise can be achieved focusing on optimization of knowledge, attitude 
and self-efficacy. Optimizing these behavioral aspects might increase COT, PWD and 
acceptance of pain during walking. Brawly et al. found an increase in adherence of a 
3-month home-based walking program after a cognitive- behavioral intervention.25 To 
change attitude and behavior patients need to recognize and accept change is needed and 
require a willingness to change. It is important that patients formulate their own goals in 
a process of self-regulation regarding their actions and problematic health behavior.25 To 
conduct an intervention for the benefit of a patient is clinically senseless when a patient 
is not willing to change attitude, behavior and actions that might result in regression of 
mobility. The process of self-regulation is often divided in 5 components, namely: (1) 
goals comprising desired achievements, (2) self-monitoring of behavior in relation to 
formulated goals, (3) information and feedback on progress towards their goals, (4) self-
evaluation of their advancement, and (5) corrective behavior to optimize progression of 
the desired goals.25,26

A positive attitude and the conviction that complaints of PAD are reversible with dedicated 
exercise therapy will stimulate patients and be reflected in perseverance and commitment 
to (supervised) exercise therapy. Patients’ have to believe they can actually succeed in 
declining or arresting progression of PAD and the possibility of reversing deteriorating 
mobility is key in successful exercise therapy. In contrast, a patient with negative attitude 
towards exercise therapy is very unlikely to commit to exercise therapy and thus will not 
improve on their COT and PWD. Self-efficacy, closely associated with a positive attitude, 
is the belief that you can actually perform a certain task. In this study we demonstrated 
that patients who were physically more active after participating in supervise exercise 
therapy, scored higher on the self-efficacy scale. Confidence in one’s own ability to walk 
long distances is positively associated with walking frequency and duration.21,27,28 Self-
efficacy is also significantly associated with walking ability in patients with PAD and 
diabetes mellitus.28 Rejeski et al. state that acceptance of pain is a key factor in self-efficacy. 
If pain was to be accepted by a patient as inevitable when increasing an active lifestyle, 
improvement of physical function can be expected and might also lead to acceptance of 
impaired function.21 An intervention, regarding self-efficacy and self-regulation in older 
patients with type 2 diabetes, to increase physical activity resulted in a brief increase in 
physical activity. Nevertheless, gain in physical activity was not maintained due to low 
adherence, non-sustained effort and decreasing motivation. Furthermore, increase in 
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self-efficacy and self-regulation was not maintained.29 Targeted interventions to improve 
adherence to physical activity can be effective for patients in which increase in physical 
activity is crucial, but difficult.29 However, after completion of a formal program, physical 
activity related efficacy tends to decline when patients are expected to continue with 
unsupervised exercise therapy.30 When SET is initiated it is important the patient adheres 
to the therapy. Optimal gain in COT and PWD during SET requires maximum effort 
of both patient and treating physician. To support patients in their process of behavioral 
change, improvement of physical activity and adherence to SET, a physician can assist 
providing information, feedback and assistance in corrective interventions to help patients 
reach their goal. Interventions to improve adherence have been studied. For instance, 
as an additional component to exercise, group sessions were simultaneous initiated for 
discussion and problem-solving. In these sessions the following items were addressed; 
counselling to improve a patients readiness to change (attitude), education (knowledge), 
positive reinforcement, setting your own goals (self-efficacy), feedback, an exercise 
contract, self monitoring using an exercise diary and skill building to help people reach 
their goals.31 These are interventions that should be coincided with the start of an exercise 
therapy regimen. However, continued outpatient visits and center-based exercise training 
programs are costly and resource intensive. It takes two months to adapt to new complex 
behaviors, such as increasing physical activity and requires at least six months to sustain 
this behavior using more habitual and automatic mechanisms.32,33 Commitment by the 
patient and physician are necessary to realize an successful intervention. 

To address the time en cost intensive interventions, novel approaches to assist a patient 
changing behavior and improve adherence to SET are required. In the era of multimedia 
distance is relative, as communication is made easy and accessible. In a study by Krpic 
et al. patients received rehabilitation following stroke in their home setting with the use 
of multimedia support. With the use of real-time tracking patient’s performance was 
observed. A physiotherapist was able to remotely monitor and adjust training intensity 
and give instructions with an application on a smartphone. Task performance was 
greater in the intervention group, whereas clinical effectiveness was not significantly 
different compared to the in-hospital rehabilitation control group.34 Furthermore, home-
based rehabilitation was not inferior to hospital-based rehabilitation. Multimedia offer 
unique advantages to influence health related behavior and the possibility of continued 
involvement of the treating physician. Multimedia support enables a physician to closely 
monitor performance, functional progress and creates possibilities to intervene early if 
necessary. Media delivered interventions can be easily provided to a broad population in 
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need of exercise therapy and might be cost-effective.35 Strategies to maintain adherence 
and improve accessibility to exercise therapy should be explored.   

This study might be limited due to possible socially acceptable answers given by participants 
and therefore likely overestimate level of activity and estimated walking distance. Although 
only 108 of 200 questionnaires where returned, a response rate of 54% is comparable 
with previous questionnaire studies among patients with PAD (58%).10 However, only 
a few questionnaires were fully completed. This might be due to the confrontation of 
the consequences of an unhealthy lifestyle and lack of physical exercise. To adjust for 
this matter, missing data was replaced with a mean of 5 imputations. Furthermore, due 
to the high number of non-responders (46%) it is very likely that patients with negative 
experiences regarding SET are underrepresented. Therefore, scores testing attitude 
towards SET could be lower than described in this study. Furthermore, generalizability 
of this study is estimated to be low. Moreover, this questionnaire was composed using 
changeable determinants; static facts like socio-economic status are certainly of importance 
regarding compliance to exercise therapy. As stated earlier, reimbursement issues are often 
the cause of limited adherence to SET. Furthermore, adherence is difficult to measure 
retrospectively. To adequately measure adherence a tool requires demonstrated validity 
and reliability. Whereas validity of the questionnaire was tested with a Cronbach’s Alpha 
>0.7, reliability is low. Recalling estimated walking distance is very subjective and not 
accurate, also the fact that the questionnaire is a single moment of assessment limits 
the reliability. For future studies it might be useful to use different methods to assess 
adherence to compensate for weaknesses in measurement methods. For instance, provide 
participants with the questionnaire before SET end three months after SET and correlate 
the data with objective data collected by the treadmill, acquired from the physiotherapist. 

 
Conclusion

This study shows that low adherence to SET can be explained by a lack of knowledge 
regarding intermittent claudication and absence of positive attitude towards walking 
behavior. Low adherence to SET will inevitably lead to progression of intermittent 
claudication. To increase compliance of supervised exercise therapy knowledge, attitude 
and self-efficacy needs to be addressed. 
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In summary, this thesis has given an insight in post contrast acute kidney injury (PC-AKI), 
long-term effects of iodine contrast on kidney function and exposure levels to ionizing 
radiation in endovascular treatment of the lower extremities. Furthermore, it has provided 
an alternative technique in the treatment of iliac TASC II A and B lesions, and a way to 
prevent PC-AKI by inducing furosemide forced diuresis with matched hydration. Lastly, 
behavioural determinants, influencing adherence in supervised exercise therapy (SET), are 
established. 

The second chapter studied the long-term effects of iodine contrast on renal function 
in patients newly presenting to the vascular outpatient clinic with Rutherford class II 
or III peripheral arterial disease. Patients were treated with either supervised exercise 
therapy or endovascular interventions. Changes in estimated glomerular filtration rate 
(eGFR) after one year were compared between the two treatment groups. Results showed 
clinically relevant and long-term loss of kidney function after endovascular procedures for 
peripheral arterial disease.

In continuation of the previous chapter, chapter three studied the long-term effects of 
iodine contrast on renal function in patients with critical limb ischemia (Rutherford class 
IV-VI) receiving either an endovascular intervention or open surgery. eGFR after one 
year was compared, as well as the percentage of patient experiencing fast renal decline (>4 
ml/min within one year). Results revealed permanent long-term loss of kidney function 
after endovascular procedures for critical limb ischemia. This loss of renal function was 
significantly greater when compared to patients treated with open surgery.

Chapter four gives an insight regarding sustained ionizing radiation exposure in 
the endovascular treatment of patients with symptomatic PAD. In this single centre 
observational cohort study, dose area product (DAP), peak skin dose (PSD), fluoroscopy 
time and volume of contrast media were measured or calculated. Results were stratified 
according patient demographics and anatomical location. This chapter shows that even 
though fluoroscopy time is shorter, aorto-iliac interventions result in greater radiation 
exposure when compared to femoropopliteal or infra-popliteal interventions. 

In the search of a preventive measure against PC-AKI and ionizing radiation effects, a 
randomized controlled trial was constructed in chapter five. A relatively novel application 
of a long existing imaging technique was used, treating TASC II A/B iliac lesions with 
duplex. Technical success was evaluated comparing Duplex guided PTA (DuPTA) with 
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conventional PTA. Results showed duplex-guided PTA to be a feasible and non-inferior 
alternative to conventional PTA in the treatment of PAD on the iliac anatomic level. 
Furthermore, a significant greater reduction in peak systolic velocity was achieved using 
DuPTA.  

The results in chapter three showed 19% AKI in patients treated endovascularly for PAD 
Rutherford IV-VI. To pursue these acute effects of contrast on renal function, Chapter 
six compared short- and long-term renal function after duplex guided percutaneous 
transluminal angioplasty (DuPTA) and conventional (contrast mediated) PTA in patients 
with iliac TASC II A/B lesions. However, no significant difference in renal decline was 
observed. Furthermore, none of the patients developed a significant reduction in eGFR.   

Endovascular treatment of patients with PAD is often complicated due to comorbidities, 
such as chronic kidney disease (CKD), making them more susceptible to PC-AKI. To 
address this problem, patients with CKD receive pre- and post-hydration. However, fluid 
volume administered is often too low to wield any real protective effect, out of fear of 
fluid overload or pulmonary oedema. Chapter 7 entails a study protocol regarding the 
Renalguard, enabling us to match fluid hydration after furosemide induced diuresis, 
while performing endovascular revascularization. This enables us to achieve an increased 
and steady renalperfusion, without risking fluid overload, pulmonary oedema or volume 
depletion. Furthermore, using the study protocol in chapter 7, we will sample urine 
biomarkers 4 hours post procedure to evaluate whether these biomarkers are a valid 
alternative in diagnosing PC-AKI, whereas serum creatine needs 48-72 hours to show a 
significant rise, and therefore delay in diagnosis.    

Whereas the previous chapters identify possible side effects of endovascular surgery and 
study alternative techniques and measures, the best approach is to prevent rather than to 
cure. Patients newly presenting to the outpatient clinic with PAD are often confronted 
with intermittent claudication. The first step in treatment, based on international 
guidelines, is to prescribe supervised exercise therapy (SET). Even though studies show 
significant increase in pain free walking distance and claudication onset time, adherence 
to prescribed SET is low. Chapter 8 studies which behavioural determinants are involved, 
explaining low adherence to SET. A questionnaire was constructed, using the I-CHANGE 
model, and was sent to 200 patients who were prescribed SET. Patients who increased 
their walking distance after SET have significantly greater knowledge, positive attitude 
and lower negative attitude towards SET. Increasing the determinants knowledge, attitude 
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and self-efficacy will improve adherence to SET and enhances claudication onset time. 
Furthermore, resorting to surgical treatment might be less often necessary.   

 
Discussion renal function

Chapter 3 showed an increased incidence of PC-AKI after endovascular intervention with 
iodine contrast, treating patients with critical limb ischemia. Interestingly, these results 
do not correlate to the findings in chapter 6, whereas patients treated endovascularly 
for intermittent claudication did not show any signs of PC-AKI. However, Sigterman 
et al. described an 13% incidence of PC-AKI in patients treated with PTA, regardless 
of prior renal function and disease progression (Rutherford II-VI ).1 Although PC-AKI 
was not diagnosed after endovascular treatment in patients with intermittent claudication 
in chapter 6, even slight increases in serum creatinine are associated with increased 
in hospital mortality and acceleration to end-stage renal failure requiring dialysis.2–5 
Furthermore, incidence and prevalence of PC-AKI are rising 5-8% annually.6 Fortunately, 
when recognized, AKI is often effectively treated with supportive therapy, however there 
remains an increased risk of long-term kidney failure.7

 Chapter two of this thesis showed a significant decrease in long-term kidney 
function in patients receiving an endovascular intervention of the lower extremities, when 
compared to patients receiving supervised exercise therapy (SET). Furthermore, 64% 
experienced fast renal decline (<4 ml min/1.73m2) within one year. The risk of fast renal 
decline was 11 times as high when compared to the control group. Chapter 3 studied eGFR 
decline in patients with critical limb ischemia (CLI), comparing patients treated with an 
endovascular intervention vs open surgery. 77% of patients treated endovascularly showed 
fast renal decline after one-year, compared to 54% in the open surgery group. It should 
be noted however, that patients with CLI have an increased incidence of CKD, CHF, 
diabetes, hypertension, coronary artery disease, all contributing to increased deterioration 
in renal function. Furthermore, revascularization of ischemic extremities create multiple 
systemic problems impacting renal function, such as metabolic acidosis, hyperkalaemia, 
myoglobinuria.8

 Previous study by Arora et al., showed an increased risk of long-term CKD and 
mortality in patients who develop AKI after revascularization of the lower extremities.9 

Chapter 6 does underline the result of fast renal decline after endovascular intervention, 
one-year post procedure. Noteworthy is the fact that 48% of the patients treated with 
duplex guided PTA (DuPTA) in chapter 6 also had fast renal decline. Therefore, the cause 
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of AKI can not solely be assigned to iodine contrast. It can be argued that dislodging 
of debris due to manipulation of guidewires near the ostia of the renal arteries might 
play an important role. To support this theory, a study by Cortese et al., showed that 
the incidence of AKI in coronary interventions was significantly lower after transradial 
approach when compared to transfemoral approach.10 This might be due to the passing 
of the guidewire through the abdominal aorta and past the renal arteries. Furthermore, 
Keeley at al., showed that 50 percent of guiding catheters contained plaque debris after 
femoral approach performing percutaneous revascularization.11 However, to differentiate 
between CIN and artheroembolic renal disease (AERD) is difficult, whereas the only 
way to diagnose AERD is through renal biopsy or post mortem autopsy. Together these 
results suggest that deterioration of renal function post endovascular intervention is 
most certainly multifactorial, including comorbidities, nephrotoxic medication, iodine 
contrast, manipulation of guidewires, ischemia of the leg, age etc. It is therefore of utmost 
importance to monitor renal function post endovascular intervention, especially in high-
risk patients.       

 
Discussion radiation exposure

Ionizing radiation is known to be potentially harmful for both patient and clinical staff. 
Regrettably, due to the progressive nature of peripheral arterial disease (PAD), patients 
are often repeatedly exposed, increasing stochastic effect and chance of malignancies. 
Therefor international guidelines are formulated and clinics are stimulated to work with 
the ALARA principles, “as low as reasonably achievable”.12 Furthermore, equipment and 
contrast agents are improved continuously to minimalize potential detrimental effects. To 
quantitate the amount of radiation dosage used per procedure, dose area product (DAP) 
is frequently used in literature. DAP correlates best to the area exposed, whereas peak 
skin dose (PSD) is an estimate of the DAP and less reliable because of c-bow angulation 
and shifting focus of ionizing beam. To protect the patients against detrimental effects, 
the national council on radiation protection and measurements (NCRP) guidelines were 
drafted to establish maximal radiation dosage per procedure.13,14 Peak skin dose (PSD) 
should not exceed 3 Gy, whereas DAP is capped at 500 Gy*cm2.16 In chapter 4 of this thesis 
both DAP as PSD stayed well under the maximal radiation dose in endovascular treatment 
of the lower extremities. Mean DAP was 142 ± 103 in aortoiliac procedures. Compared 
to all other anatomical locations (femoral, below-the-knee (BTK) and multilevel) DAP 
was significantly higher. These results are supported by literature.13,15–17 Goldsweig et al. 
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published a study identifying 17.174 patients from The National Cardiovascular Data 
Registry Peripheral Vascular Intervention Registry treated endovascularly for atherosclerotic 
disease of the lower extremities. Interventions treating acute limb ischemia and aneurysm 
repair where excluded. DAP levels on aortoiliac procedures (252 ± 294.4) where a lot 
higher when compared to our results, even though there are no significant differences in 
patient characteristics. Patients in our study were treated several years before the study by 
Goldsweig et al., distribution in severity of PAD (Rutherford classification) was similar. 
In both this thesis and similar studies, BMI is identified as an independent predictor of 
increased DAP.13,15,16,18 Greater DAP in pelvic procedures and in obese patients can be 
explained by the automatic exposure control of the x-ray system to maintain brightness 
and contrast. Increased photon energy is required due to added mass between skin and 
artery, absorbing and scattering the fluoroscopic beam.13,16 Furthermore, BTK lesions can 
be treated with a narrower field of view, limiting DAP. Also contributing to a higher 
DAP are the retrograde up-and-over procedures, were the contralateral leg is accessed 
and the aortoiliac-bifurcation needs to be crossed, leading to higher radiation dosage 
whereas the added tissue mass of the abdomen and pelvis needs to penetrated by the 
ionizing radiation.13,15 Formulating the plan of approach in the endovascular treatment 
of peripheral arterial disease needs to take in consideration how to  access the lesion, 
minimalizing DAP and fluoroscopy time.

 
Discussion novel treatment strategies

One of the causes of AKI are nephrotoxic agents, such as iodine contrast, used in endovascular 
procedures. Patients with chronic kidney disease (CKD) are especially susceptive to the 
toxic properties of iodine contrast, causing contrast induced nephropathy (CIN).19To 
anticipate on the potential damage, patients with CKD requiring an endovascular 
intervention are treated with pre- and post-hydration using saline for volume expansion 
to diminish possible toxic effects.17,23 Previous guidelines advised pre- and post-hydration 
in patients with an eGFR < 45 ml/min or eGFR < 60 with additional risk factors (diabetes 
mellitus, heart failure, age >75 years, hypotension, and anaemia).21 The AMACING trial 
showed that patients with eGFR >30 ml/min/1.73m2, without additional risk factors have 
no increased risk of developing CIN when not receiving volume expansion.22 In this thesis 
however, patients were treated with pre- and post-hydration therapy based on previous 
guidelines.23,24 
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Chapter 5 entails an RCT comparing conventional PTA of the iliac arteries to duplex 
guided PTA (DuPTA) in TASC II A/B lesions. Whereas conventional PTA relies on the 
use of iodine contrast and ionizing radiation, DuPTA enables us to perform an PTA 
without potentially causing CIN and/or negative side effects of ionizing radiation. 
Previous studies have demonstrated DuPTA as a feasible alternative, however no evidence 
was available regarding the endovascular treatment of iliac lesions. It was argued that 
DuPTA would not be possible of the aortoiliac arteries due to bowel gases and increased 
body mass in obese patients.25 However, in this thesis we did not experience any problems 
regarding duplex imaging. The goal of this study was to prove DuPTA to be non-inferior 
to conventional PTA and provide a treatment option for patients in need of an iliac 
endovascular intervention but with a contra-indication due to CKD or hypersensitivity 
to iodine contrast. Our results demonstrated that in comparison with conventional PTA, 
DuPTA has similar success in passing the stenotic lesion with a guidewire and performing 
the PTA. Furthermore, significant greater improvement in peak systolic velocity (PSV) 
was achieved in the DuPTA group. Another benefit of DuPTA is the direct hemodynamic 
feedback post-procedure to evaluate possible recoil or flow-limiting dissection, whereas 
this is not as reliable in conventional PTA’s. Completion angiography is only accurate in 
76% of PTA’s.25  However, it should be mentioned that 11% of the patients treated with 
DuPTA still required contrast to successfully treat the lesion. This was partially explained 
by progression of the stenotic lesion to complete occlusion at the time of intervention. In 
other literature, using CO2 as an alternative to iodine contrast, the use of iodine contrast 
to successfully perform the procedure was more often required. In two studies by Mendes 
et al., treating iliac TASC II A/B lesions, 21-36% of the patients required additional iodine 
contrast, whereas CO2 was not sufficient.26,27 

As was previously mentioned. Patients with an eGFR <45 ml/min.1.73m2 or eGFR <60 
ml/min.1.73m2 with additional risk factors (DM, HF, old age, anaemia) receive pre- and 
post-hydration therapy. Patients receive 3-4 ml/kg/h of 0,9% NaCl intravenously 4hours 
pre- and 4hours post intervention. Patients with CHF, at risk of fluid overload, or eGFR 
<30 ml/min.1.73m2 receive 1 ml/kg/h 12hours pre- and post-procedure. Preventing 
dehydration and increasing diuresis are known to protect against PC-AKI.4,28–31 The volume 
of administered fluids in the prevention of PC-AKI is often too low to adequately diminish 
nephrotoxic effects of iodine contrast, because of fear of fluid overload and pulmonary 
oedema.31 Furosemide forced diuresis is studied, however a mismatch between administered 
fluid and furosemide can cause volume depletion and therefore increase concentration in 
the kidneys, increasing the chance of PC-AKI.32–35 Chapter 7 is a study protocol regarding 
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the use of the Renalguard to match volume of fluid administration too furosemide forced 
diuretic output. The goal is to create diuretic output of >300 ml/h, diluting and limit 
exposure time of the nephrotoxic iodine contrast in the kidneys. The Renalguard is a 
safe and effective tool in maintaining intravenous volume without instigating volume 
depletion or overload.30 Moreover, Marenzi et al., demonstrated a reduction of PC-AKI 
in 74% of patients receiving iodine contrast for diagnostic purposes.30 Up to date, no 
literature is available using furosemide forced diuresis with matched hydration in patients 
with treated endovascularly for symptomatic PAD. 

Chapter 7 also evaluated the current diagnostic tool for AKI using serum creatinine levels 
48-72 hours postintervention and researching urine biomarkers as an alternative in early 
detection of AKI. Serum creatinine rises slowly detecting PC-AKI and is therefore an 
inadequate tool.36–38 Furthermore, detection of changes in serum creatine is only possible 
when >50% of eGFR is lost.39,40 Patients treated endovascularly are usually discharged 
within 24 hours post intervention and are instructed to return for serum creatine levels 
after 2-3 days. However, in our experience patients often dismiss this instruction making 
it possible to miss potential PC-AKI. Furthermore, hydration prophylaxis requires 
extended hospitalization, stretching healthcare budgets and hospital logistics.22 To address 
this problem, chapter 7 in this thesis proposes to study the effect of an endovascular 
intervention on urine biomarkers, NGAL, KIM-1 and IL-18. Literature identified 
these urine biomarkers (among others) to detect AKI in an early stage.37,38,41,42 Rise in 
NGAL concentration is greatest 4-6 hours post intervention, with an increase up to 25 
times compared with baseline value.38 This thesis hypotheses that the detection of urine 
biomarkers will enable us to detect and anticipate PC-AKI early on post endovascular 
intervention.   

 
Discussion supervised exercise therapy

“Prevention is better than cure”. The previous chapters in this thesis identify, address 
and provide solutions to possible side effects of endovascular interventions in patients 
with PAD. First presentation of patients with PAD, in the outpatient clinic, is often 
with intermittent claudication. Before endovascular or surgical treatments are explored, 
patients are prescribed supervised exercise therapy, as is recommended by international 
guidelines.43 Literature shows that after 6 months of SET functional performance, 
prolonging claudication onset time (COT) and peak walking time (PWT), are considerably 
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improved.43–46 Regrettably, adherence to SET is low due to imbursement issues, limited 
availability and absence of motivation.45,47 Sixty-eighth percent of patients prescribed SET 
do actually participate.48 This is comparable to the findings in this thesis, with 79% of the 
patients participating to SET. Chapter 8 addresses the low adherence to SET and tries to 
determine which behavioural aspects are involved. A questionnaire was constructed using 
the I-CHANGE model for explaining motivational an behavioural change.49 It appeared 
patients with greater knowledge, positive attitude and low negative attitude have a greater 
subjective improvement in peak walking distance (PWD). Furthermore, proper guidance 
of SET improves both COT and PWD to a greater extend.47 Chapter 8 also state that 
knowledge and awareness should be raised to help patients understand the aetiology of 
and lifestyle choices contributing to the disease, make them aware what their behaviour 
instigates and the possible implications this entails. Furthermore, knowledge, attitude and 
self-efficacy need to be addressed to improve adherence to SET. Whereas confidence in 
one’s own ability to walk long distances is positively associated with walking frequency 
PWD.50–52     
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Nederlandse samenvatting

De thesis geeft een inzicht in acute contrast geïnduceerde nierschade en langetermijneffecten 
van jodiumhoudend contrast op nierfunctie, evenals blootstelling aan ioniserende straling 
in de endovasculaire behandeling van de onderste extremiteiten. Ook is een alternatieve 
techniek beschreven in de behandeling van iliacale TASC II A en B-laesies en een manier 
om acute contrast geïnduceerde nierschade te voorkomen door furosemide geforceerde 
diurese met afgestemde intraveneuze hydratie. Tot slot zijn gedragscomponenten die van 
invloed zijn op de therapietrouw in gesuperviseerde looptherapie in kaart gebracht. 

Het tweede hoofdstuk beschrijft de langetermijneffecten van jodiumhoudend contrast 
op de nierfunctie in patiënten die zich voor het eerst presenteren op de polikliniek met 
Rutherford klasse II en III perifeer arterieel vaatlijden. Patiënten werden behandeld 
met gesuperviseerde looptraining of een endovasculaire interventie. Veranderingen in 
eGFR (estimated glomerular filtration rate) werden na een jaar vergeleken tussen de 
twee verschillende interventiegroepen. Resultaten toonden een klinisch relevante en 
significante lange termijn verlies van nierfunctie na een endovasculaire interventie tegen 
perifeer arterieel vaatlijden in vergelijk met de controlegroep.   

Voortbordurend op het voorgaande hoofdstuk wordt in hoofdstuk drie de 
langetermijneffecten van jodiumhoudend contrast op de nierfunctie in patiënten met 
kritieke ischemie (Rutherford klasse IV-VI) bestudeerd die of een endovasculaire interventie 
of een open chirurgische interventie ondergingen. eGFR na een jaar werd vergeleken, 
evenals het aantal patiënten welke een versnelde achteruitgang in nierfunctie ervaarden 
(>4 ml/min binnen een jaar). Resultaten toonden permanente lange termijn verlies in 
nierfunctie na een endovasculaire interventie in de behandeling van kritieke ischemie. Het 
verlies in nierfunctie was significant groter wanneer vergeleken met patiënten die een open 
chirurgische interventie ondergingen. 

Hoofdstuk vier geeft een inzicht in de blootstelling aan ioniserende straling bij de 
endovasculaire behandeling van patiënten met symptomatisch perifeer arterieel vaatlijden. 
In dit deze observationele cohortstudie werden DAP (dose area product), PSD (peak skin 
dose), fluoroscopie tijd en volume van gebruikt contrastmedium gemeten of berekend. 
Resultaten werden gestratificeerd aan de hand van patiëntkarakteristieken en anatomisch 
locatie van de interventie. Het hoofdstuk toont aan dat ondanks een kortere fluoroscopie 
tijd er een grotere blootstelling aan straling is in aorta-iliacale interventies, wanneer wordt 
vergeleken femoro-popliteale of infra-popliteale interventies.    
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In de zoektocht naar een preventieve maatregel tegen acute contrast geïnduceerde 
nierschade en de effecten van ioniserende straling werd een gerandomiseerd onderzoek 
opgezet, welke wordt besproken in hoofdstuk 5. Een relatief nieuwe applicatie van een 
reeds langer bestaande beeldvormende techniek werd ingezet in de behandeling van TASC 
II A en B-laesies op iliacaal door gebruik te maken van duplex. Technisch succes werd 
geëvalueerd waarbij duplex geleide PTA (DuPTA) werd vergeleken met conventionele 
PTA. De resultaten toonden aan dat de duplex geleide PTA een realistisch en non-
inferieur alternatief is in de behandeling van perifeer arterieel vaatlijden op iliacaal niveau.  
Overigens werd een significant grotere reductie in PSV (peak systolic velocity) bereikt bij 
gebruik van duplex geleide PTA. 

De resultaten in hoofdstuk drie toonde aan dat 19% van de patiënten met Rutherford 
klasse IV-VI, die behandeld werden met een endovasculaire interventie, acuut contrast 
geïnduceerde nierschade ontwikkelden. Om inzicht te krijgen in deze acute effecten van 
het jodiumhoudend contrast op de nierfunctie wordt in hoofdstuk zes de acute- en 
lange-termijn nierfunctie na duplex geleide PTA en conventionele (contrast gemedieerde) 
PTA in patiënten met iliacale TASC II A en B-laesies vergeleken. Echter werden er geen 
significante verschillen in regressie van nierfunctie geconstateerd. Daarbij ontwikkelde 
geen van de patiënten een significante reductie in eGFR. 

Endovasculaire behandeling van patiënten met perifeer arterieel vaatlijden wordt vaak 
gecompliceerd door comorbiditeiten zoals pre-existente chronische nierschade, waardoor 
ze vatbaarder zijn voor acute contrast geïnduceerde nierschade. Om op dit probleem 
te anticiperen ontvangen patiënten met chronische nierschade pre- en posthydratie. 
Echter wordt er vaak te voorzichtig en in een te laag volume gehydreert om een adequate 
bescherming te bieden, uit angst voor overvulling en pulmonaal oedeem. Hoofdstuk 
7 omvat een studieprotocol aangaande de Renalguard, welke ons in staat stelt om de 
toe te dienen volume af te meten aan furosemide geforceerde diurese ten tijde van de 
endovasculaire interventie. Zodoende kan er een constante verhoogde perfusie over de 
nieren worden gegenereerd, zonder risico op overvulling, longoedeem of volumedepletie. 
Om een valide alternatief te bieden in de diagnostiek naar acute contrast geïnduceerde 
nierschade worden volgens het studieprotocol ook biomarkers in de urine gemeten, 
vier uur na de endovasculaire procedure. Hierdoor willen wij in een vroeger stadium 
de potentieel gedane nierschade vaststellen, gezien de gouden standaard middels serum 
creatinine 48-72 uur nodig heeft om een significante stijging te laten zien.  
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Waar de vorige hoofdstukken de mogelijke negatieve gevolgen van endovasculaire 
interventies en potentiele alternatieve technieken beschrijven is het devies nog altijd; 
‘voorkomen is beter dan genezen’. Patiënten die zich voor het eerst presenteren op de 
polikliniek heelkunde met perifeer arterieel vaatlijden komen vaak met klachten van 
claudicatio intermittens. De eerste stap in de behandeling, gebaseerd op internationale 
richtlijnen, is om gesuperviseerde looptraining voor te schrijven. Ook al laten studies een 
significante toename zien in pijnvrije loopafstand en uitgestelde aanvang van de claudicatie, 
is de therapietrouw bij gesuperviseerde looptherapie laag. In hoofdstuk 8 worden de 
gedragsdeterminanten geïdentificeerd welke bijdragen aan de lage therapietrouw. Een 
vragenlijst werd opgesteld met gebruik van het I-CHANGE model, welke werd verzonden 
naar 200 patiënten die na initiële presentatie met claudicatio intermittens gesuperviseerde 
looptraining was voorgeschreven. Patiënten die hun loopafstand hadden vergroot na 
gesuperviseerde looptraining hadden een significant betere kennis, positieve attitude en 
lage negatieve attitude ten opzichte van gesuperviseerde looptraining. Het verbeteren 
van de determinanten kennis, attitude en de eigen overtuiging dat je in staat bent je 
gedrag te veranderen (self-efficacy) kunnen leiden tot een verbeterde therapietrouw en dus 
verbetering van de pijnvrije loopafstand. Hierdoor kan de noodzaak om over te gaan op 
een chirurgisch interventie worden voorkomen of uitgesteld. 
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Impactparagraaf

1.  (Research) What is the main objective of the research described in the thesis and what 
are the most important results and conclusions? 

The main objective of the research in this thesis is to get an insight and quantify side effects 
of several treatment strategies regarding peripheral arterial disease (PAD). Moreover, how 
can we anticipate or abolish these side effects. For instance; endovascular treatment of PAD 
requires the use of iodine contrast and radiation to image arteries, which are damaging to 
several organs, such as skin and kidneys. Therefore, first line treatment of PAD on initial 
presentation is supervised exercise therapy (SET), whereas this is a non-invasive strategy. 
We demonstrated that renal function after one year declined significantly more in patients 
treated with an endovascular procedure, when compared with SET. Also, long-term renal 
function is significantly worse in patients treated with an endovascular intervention when 
compared to open surgery. The worsening renal function is a supposed consequence of 
iodine contrast. Moreover, radiation exposure is known to cause potential acute and/
or long-term effects on penetrating tissue (skin, muscle). To get a better understanding 
of which anatomical region is most at risk we quantified the used radiation doses and 
cumulative time of radiation in several procedures. This thesis showed that the radiation 
exposure is highest in arterial treatment of arteries in the pelvic area and the thigh, when 
compared to the more distal regions. The more tissue to penetrate imaging the arteries, 
the higher the radiation dose. 

To address these issues, we investigated ways to decrease the detrimental effects and 
studied novel approaches to completely eliminate these effects, without compromising in 
outcome. We studied the possibility of treating a clothed artery in de legs with balloon 
dilatation using ultrasound as an imaging technique. The results showed no difference in 
success compared to the conventional imaging technique using contrast and radiation. 
Furthermore, this thesis quantified renal function before and after an intervention. No 
significant decrease in renal function was observed in either treatment group. This is 
possibly explained by adequate fluid therapy, improvement in imaging techniques and 
iodine contrast. However, patients with poor renal function before an intervention are 
at increased risk of renal decline after the use of iodine contrast. Using fluid therapy, 
concentration of iodine contrast in the kidneys is diluted. Preferably a high and steady 
urine production is achieved, without risking excess fluid administration. To achieve 
high urine output, diuretics can be administered. However, there is an increased risk of 
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fluid depletion and thus increasing iodine contrast concentration and possible damage to 
the kidneys. To achieve the right balance of administered fluids and diuretics is difficult. 
Therefore, we designed a study protocol using the Renalguard. This is a little device which 
weights the urine produced and administers fluids accordingly to achieve an increased 
and steady flow over the kidneys. This study will examine the benefit of the Renalguard 
compared to conventional fluid therapy in patients treated endovascularly for PAD. 

Finally, as mentioned earlier SET is the initial treatment regarding intermittent claudication. 
However, even though great improvement of walking distance can be achieved when 
dedicated to the therapy, adherence to SET is low. We tried to identify reasons for low 
adherence and identified several relevant behavioral determinants. It appeared knowledge, 
attitude and self-efficacy are of great importance and need to be addressed to improve 
adherence to SET.

2. (Relevance) What is the (potential) contribution of the results from this research to 
science, and, if applicable, to social sectors and social challenges?

The contribution of the results from this science is plural. It gives an insight in the long-
term effects of endovascular procedures for intermittent claudication and critical limb 
ischemia on renal function. Furthermore, we determined radiation exposure in different 
anatomical locations of patients treated with endovascular interventions of the lower 
extremities. We provided a good alternative for endovascular treatment of the groin area 
in patients with diminished renal function without having to rely on contrast agent. The 
results disputed the arguments of any hindrance of duplex visualization due to bowel gas 
or obesity. The research also suggests a possible solution in furosemide forced diuresis, 
which also limits the harmful effects of iodine contrast on kidneys. To prevent an invasive 
intervention altogether, physicians need to increase a patient’s knowledge and attitude 
toward PAD and SET. This might aid physicians and patients to improve adherence to 
SET and avert an invasive procedure. 

3.  (Target group) To whom are the research results interesting and/or relevant? And why? 

The research results are mainly interesting and relevant for vascular surgeons and 
interventional radiologists treating patients with PAD in the lower extremities. Results 
might also be relevant for general practitioners, in particular how to approach a patient 
on initial presentation with intermittent claudication. The general practitioner often has 
a closer and more frequent contact with a patient. This might result in a greater influence 
on a patient’s behavior and thus be more inclined to take the general physicians advise.    
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4.  (Activity) In what way can these target groups be involved in and informed about the 
research results, so that the knowledge gained can be used in the future?  

These target groups are and can be informed by presenting these study results on national 
and international conferences. Furthermore, the studies in this research are published in 
international journals. 
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Dankwoord

Het dankwoord. Ik schrijf nog liever een artikel. Waar het voor de een de kers op de 
taart is, is het voor mij de molensteen om mijn nek. Desalniettemin misschien wel het 
belangrijkste hoofdstuk van je proefschrift en de kans even stil te staan bij wat de mensen 
om je heen voor je betekenen. Where to begin.. Ken je dat moment dat je de slaap nog net 
niet kan vatten, het meest creatieve moment van de dag? Dochter ligt inmiddels alweer 
tussen ons in, slapend en rustig in een steady ritme haar voetjes in mijn nieren te planten. 
Zucht.., er toch maar even uit, schemerlampje aan, laptop open. Zit je momenteel thuis 
met een positieve coronatest, zo 2022. Het dankwoord, zo lang uitgesteld. Maar ja, there 
is no better moment than the present. Here we go!  

Het heeft wat voeten in de aarde gehad. Ruim 6 jaar heb ik nodig gehad om mijn 
proefschrift tot een succesvol einde te kunnen brengen. Alleen had ik dit nooit kunnen 
volbrengen. Mede dankzij een vliegende start (dankjewel Tim Sigterman) en enkele nader 
te noemen belangrijke mensen heb ik dit kunnen presteren. Door verandering in mijn 
professionele ambities en privésituatie was het onderzoek op een zijspoor geraakt. Soms 
weer een opleving rondom een publicatie en motiverende gesprekken met Lee Bouwman. 
Ik ben er enorm trots op dat ik het af heb kunnen maken, trots op mijzelf maar ook als 
voorbeeld naar mijn kinderen. Als je ergens aan begint maak je het ook af. Om Brad Pitt 
te quoten in de film Snatch; “You stay until the job’s done!’. 

Als eerste wil ik mijn promotieteam bedanken, prof. dr. GWH Schurink en dr. 
LH Bouwman. Beste Geert Willem, bedankt voor het delen van je ervaring in het 
wetenschappelijk onderzoek. Altijd bereid constructief mee te denken in het onderzoek en 
het schrijven van de artikelen. Door jouw bijdrage hebben we dit proefschrift tot een hoger 
niveau weten te tillen. Beste Lee, ik ben je zeer dankbaar voor je actieve betrokkenheid 
tijdens mijn tijd bij de heelkunde. Ik heb me altijd zeer gesteund gevoeld en ben blij om 
jou als zwaargewicht, in mijn hoek te hebben staan. Ik ben me er altijd zeer bewust van 
geweest dat jij je nek voor mij hebt uitgestoken binnen de maatschap heelkunde. Dit 
maakte voor mij de keuze om niet te solliciteren voor een AIOS-plek bij de heelkunde 
des te lastiger. Ook het vertellen van deze beslissing vond ik zeer lastig, niet wetende hoe 
je dit zou oppakken. In plaats van teleurstelling heb je mij gesteund en gesterkt in mijn 
beslissing en daarbij persoonlijke gevoelens opzijgezet. Lee, je bent voor mij een groot 
voorbeeld als arts, maar vooral ook als mens. Go raibh maith agat! 
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Attila, immer ontspannen en goed gehumeurd. Bedankt voor het delen van je kennis en 
kunde, met name op het gebied van de veneuze vaatchirurgie. Heb altijd prettig met je 
samengewerkt. Ben je me toch nog qua promotie voorgebleven! Kees Jan, de kritische noot. 
Blijf altijd zelf nadenken en wees kritisch op je eigen functioneren. Altijd stimulerend om 
je te blijven ontwikkelen.  

Zoals eerdergenoemd wil ik graag mijn paranimf Tim Sigterman bedanken. Door jou 
kwam ik met mijn promotietraject in een gespreid bedje. Ook in jouw tijd als ANIOS 
en later AIOS heb je nog veel steun kunnen bieden met de reeds lopende onderzoeken. 
Daarbij heb je ook altijd meegedacht en gewerkt aan nieuwe onderzoeksprotocollen 
en artikelen. Jouw ervaring en discipline hebben een grote bijdrage geleverd een mijn 
uiteindelijke manuscript. Daarbij kan ik Rochelle natuurlijk niet vergeten! Ook altijd 
bereid om belangeloos mee te denken en mij wegwijs te maken in de wetenschappelijke 
wirwar en statistiek. Jullie zijn toppers, bedankt.    

De mogelijkheid om te promoveren heb ik uiteraard ook te danken aan de Maatschap 
Heelkunde, 5 Jaar lang hebben jullie mij onder jullie hoede genomen. Eerst als semi-arts, 
later als promovendus en tot slot als ANIOS heelkunde. Ik heb veel bij jullie kunnen leren 
qua kennis maar bovenal ook het arbeidsethos ‘niet lullen maar poetsen’. Al was ik niet 
bepaald een van de gangmakers onder de assistenten, ik heb mij wel altijd gewaardeerd 
gevoeld.  Daarbij hebben uiteraard ook de polimedewerkers een belangrijke bijdrage 
geleverd. Gezelligheid voorop, altijd meedenken en een handje hulp wanneer nodig. 
Bedankt voor jullie bijdrage aan mijn plezierige tijd bij de heelkunde. Niet te vergeten wil 
ik ook Simone, Marlies, Ria en de dames van het secretariaat bedanken.

Mijn vaatbuddies op de poli Ed, Anouk, Cleo, Monique en Mike uiteraard ook bedankt 
voor de prettige samenwerking. Jullie denken altijd in oplossingen in plaats van problemen. 
Wanneer nodig wordt er gewoon een tandje bij gezet. Ik heb veel van jullie mogen leren. 
Met name wil ik jullie bedanken voor jullie bijdrage aan het onderzoek en bijspringen 
wanneer nodig. Eveneens cruciaal voor mijn onderzoek zijn de interventieradiologen 
Roel Heijboer, Bernard de Leeuw en alle angiolaboranten. Ik kon altijd bij jullie even 
binnenlopen en door de logboeken struinen voor aanvullende informatie voor mijn 
databases. Met name dank aan Jacques welke zijn bijdrage heeft geleverd aan het selecteren 
van de afbeelding op de cover van dit proefschrift. 

Na mijn tijd bij de heelkunde ben ik een ander pad ingeslagen bij de huisartsgeneeskunde. 
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Voor mij de beste keus, toen en nu nog steeds. Een nieuwe plek om te groeien en een goede 
fit voor mij als persoon en als arts. Zodoende wil ik mijn opleiders en studiegenoten bij 
de huisartsgeneeskunde bedanken. Allereerst Gaston en Marieke. Zij hebben bijgedragen 
aan een soepele start van de opleiding,  mij geënthousiasmeerd voor het vak en mij 
vertrouwen gegeven. Daarbij natuurlijk ook de groepsgenoten van jaar 1 voor de gezellige 
terugkomdagen en oprechte interesse voor mijn onderzoek en mij als persoon. Een special 
shout-out naar Priscilla Mantingh en Yvonne Nooijen, een betere eerstejaarspraktijk kon 
ik mij niet wensen. Zo een fijn team. Jullie hebben een zeer grote bijdrage geleverd aan 
wie ik ben, en wordt als arts. Ik ben elke dag met plezier naar de praktijk gekomen en heb 
nog het een en ander geleerd over in de stront roeren! Nu inmiddels bezig aan jaar drie 
van de opleiding en ook hier getroffen met mijn groepsgenootjes en opleiders. We zijn nog 
maar enkele maanden onderweg maar voel mij al prima op mijn plek. Lekker klagen over 
hoe zwaar het wel niet is als verse ouders, gedeelde smart is halve smart! Ook mijn 3de 
jaar praktijk is een schot in de roos. Jeroen Smeets met zijn onuitputtelijke energie wil ik 
dan ook bedanken voor de begeleiding tijdens mijn laatste jaar in de opleiding, de ruimte 
die ik krijg om het maximale eruit te halen en de tijd om mijn proefschrift tot een mooi 
einde te brengen.   

Voorzitter en leden van de beoordelingscommissie, Prof. dr. J.W.M. Muris (voorzitter), 
Prof. dr. A.W.J. van ‘t Hof, Prof. dr. J.A. van Herwaarden en Dr. J. Heyligers, hartelijk 
dank voor de kritische beoordeling van mijn proefschrift en deelname aan de corona. 

Waar eerder al Tim genoemd werd als een van de paranimfen moet ook zeker Mark Thijssen 
niet worden vergeten. Jij werd door Kirsten schaamteloos ingezet als soort van mediator 
om het eerste contact tussen ons te leggen. Hierin ligt meteen ook de basis van onze 
vriendschap, inmiddels alweer 12 jaar geleden. Later kwam daar uiteraard ook Stephanie 
bij. Inmiddels gaan we al jaren met elkaar op wintersport en waren jullie aanwezig bij ons 
huwelijk in Toscane. Mark, je bent een van de meest oprechte en betrouwbare mensen die 
ik ken en ben je dankbaar dat ik je een vriend mag noemen.  

Nu ik bij de vrienden ben aangekomen wil ik ook graag even stil staan bij de twee 
Groninger pinda’s. Apa kabar? George-Emile, we go way back, reeds in de zandbak op 
3-jarige leeftijd waren wij twee handen op een buik. Struinend door Stedum hebben wij 
heel wat avonturen beleeft. Helaas is het contact iets minder frequent na je vertrek richting 
Seattle, maar nu je weer naar ons kikkerlandje terugkomt hoop ik weer meer van je te zien! 
Mick, de ander pinda. Ook jou heb ik helaas al even niet kunnen zien. Inmiddels alweer 
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enkele jaren woonachtig op Bali, de plek waar wij ook samen goede tijden hebben beleefd. 
Ik kijk dan ook zeer uit om je daar weer te ontmoeten en oude tijden te herleven! Ik hoop 
dat tegen die tijd ook dit proefschrift je goed heeft weten te bereiken!       

OMHD e Causa Ignota, mooie mannen. Ook jullie kan ik natuurlijk niet vergeten. Veel 
van mijn mooiste momenten uit mijn studententijd heb ik met jullie mogen doormaken. 
Hoe mooi is het dat ik mijn proefschrift mag verdedigen op onze oprichtingsdatum!

Jan en Ina, lieve ouders, bedankt voor jullie geduld en onvoorwaardelijke steun en liefde. 
Ik was niet altijd de makkelijkste en derhalve hebben wij soms wel onze moeizame 
momenten gekend. De basis was echter goed, dit gaf mij de ruimte om de ontdekken en 
onderzoeken. Door dik en dun weet ik dat jullie er altijd voor mij zullen zijn, zo zal ik er 
ok altijd voor jullie zijn. Bedankt. 

Joost, Ruben, Ivan en Margje, broers en zus. Als samengeraapt zootje denk ik dat we het 
toch allemaal op onze eigen wijze goed doen. Juist dat wij allen zo verschillend zijn heeft 
bijgedragen aan mijn persoonlijke ontwikkeling en heeft geholpen mij te vormen tot wie 
ik nu ben. Helaas maakt de afstand het vaak lastig om elkaar frequent te zien, als we dan 
wel weer bij elkaar komen voelt het als een warm bad. Groningen zal altijd als thuis voelen, 
juist omdat jullie daar zijn. 

Lieve Kirsten, dit proefschrift had ik ook zeker niet kunnen volbrengen zonder jou. 
Altijd stimulerend en steunend in mijn beslissingen. Als rots in de branding ben jij mijn 
constante, degene waarover ik nooit hoef te twijfelen. Je bent er altijd voor mij en geeft 
me de ruimte waar nodig, zo ook om aan het proefschrift te werken. Zelfs meermaals op 
vakantie toch nog de laptop er even bij pakken voor het indienen van een artikel of maken 
van revisies. Daarnaast als moeder van onze kinderen hebben ook zij het niet beter konden 
treffen. Ook voor hen een stabiele factor met liefde ten overvloede. Lieve Kirsten, bedankt.  

Mads, Mette en …, jullie zullen je later niet meer kunnen herinneren dat jullie papa af 
en toe even minder beschikbaar was omdat er gewerkt moest worden aan dit proefschrift. 
Maar jullie zijn juist een van de voornaamste redenen dat ik dit proefschrift toch heb 
kunnen afronden. Ik wil jullie graag meegeven dat ondanks af en toe tegenslagen of gebrek 
aan motivatie, het goed is om niet bij het minste of geringste op te geven maar je zinnen 
te verzetten en door te zetten. Probeer af te maken waar je aan begint. “The greater the 
effort, the sweeter the reward”. 
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Tot slot zijn er altijd nog de mensen die niet genoemd, maar zeker niet minder belangrijk 
zijn. Tijdens het onderzoek ben ik met veel mensen in aanraking gekomen. Ook jullie 
bedankt voor jullie bijdrage aan het onderzoek.  

Moet je kijken, is het me toch gelukt, en heb ik er ook nog plezier in gehad ook..
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List of abbreviations

ABI  Ankle-Brachial-Index
AERD  ArtheroEmbolic Renal Disease
AKI  Acute Kidney Injury
ALARA  As Low As Reasonably Achievable
ALI   Acute Limb Ischemia
BMI  Body Mass Index
CFA  Common Femoral Artery 
CHF  Chronic Heart Failure
CIA  Common Iliac Artery
CIN  Contrast induced Nephropathy 
CKD  Chronic Kidney Disease
CLI  Critical Limb Ischemia
COT  Claudication Onset Time
CRFs  Case Report Forms
CTA  Computed Tomography Angiography
DAP  Dose Area Product
DM  Diabetes Mellitus
DuPTA  Duplex guided Percutaneous Transluminal Angioplasty
eGFR  estimated Glomerular Filtration Rate
EIA  External Iliac Artery 
ELISA  Enzyme-Linked ImmunoSorbent Assay
ESRD  End-Stage Renal Disease
EVAR  Endovascular Aneurysm Repair
FPS  Frames Per Second
GFR  Glomerular Filtration Rate
IC   Intermittent Claudication 
ICM  I-Change Model
IL-18  Interleukin-18
KIM-1  Kidney Injury Molecule-1
L-FABP  Liver Fatty Acid Binding Protein
MI    Myocardial Infarction 
MRA  Magnetic Resonance Imaging
NAG  N-acetyl-beta-D-glucosaminidase
NGAL  Neutrophil Gelatinase-Associated Lipocalin
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NRCP  National Council on Radiation Protection and Measurements
NSF  Nephrogenic Systemic Fibrosis
PAD  Peripheral Arterial Disease
PC-AKI  Post Contrast Acute Kidney Injury
PI   Principle Investigator
PSD  Peak Skin Dose 
PSV  Peak Systolic Velocity
PTA  Percutaneous Transluminal Angioplasty
PWD  Peak Walking Distance
PWT  Peak Walking Time
RCT  Randomized Controlled Trial
REC  Research Ethics Committee 
SET  Supervised Exercise Therapy
TASCII   Trans-Atlantic Inter-Society Consensus Document II
TBI  Toe-Brachial-Index
TIMP-2 Tissue Inhibitor of MetalloProteinase-2
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