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Utilization and Outcornes of Interventional Procedures for Peripheral Occlusive Arterial 
Disease in Ontario: A Population-based Study. 
Master's of Science, Department of Health Administration, University Of Toronto, 2001 
Mohammed Al-Oman 

This thesis describes the utilization and outcornes of interventional procedures for 

peripheral occlusive arterial disease in Ontario for fiscal years 1991 to 1998, using 

Ontario's administrative databases. The age and sex adjusted rate of arterial bypass 

surgery (ABS) fell significantly (p=û.0002), whereas the rate of angioplasty increased 

significantly (p=0.05). However, the combined rate for revascularization procedures 

(ABS and angioplasty) was stable over the same time. The 5-year cumulative suwival 

and major amputation-free survival rates for patients who underwent ABS were 6 1.5% 

and 83.4%, respectively and for patients who underwent angioplasty were 69% and 

92.2%, respectively. These trends suggest a 'substitution effect' of angioplasty for bypass 

surgery, which in tum may reflect a change in the practice pattern of vascular surgeons in 

Ontario. Long-term survival and amputation-free survival rates may be used as a measure 

of the population-based effectiveness of revascularization procedures. 
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INTRODUCTION 

The purpose of this chapter is to: 

1. Provide the rationale for the study: 

2. Introduce the study objectives. 

1.1 Rationale 

Peripheral occlusive arterial disease (POAD) is an arteriosclerotic occlusive disease of 

the aortoiliac andor femoropopliteal artenal system. Clinical manifestations of this 

condition t ypical 1 y begin wi th intermittent claudication ' " and may progress to disabling 

pain at rest, infectious complications, and ultimately gangrene and limb loss.' 

The risk factors for POAD are the same as those for atheroscierosis in general and 

include male sex, advanced age, cigarette smoking, hypertension, diabetes, and 

hyperlipidaemia.5"0 

The prevalence of intermittent claudication (IC) varies from 0.4 to 14.4%.1~1'-" This wide 

variation in prevalence can be explained by; age, sex, and geographical location of the 

population studied and by the diagnostic technique used to identify patients with IC. 

Treatment of POAD depends on the stage of the disease. It includes risk factors 

modification, exercise programs, good foot care, antibiotic use, and surgicd intervention. 

Interventions are directed toward the relief of symptoms, improvement in quality of Iife, 

and limb sahage. 



The evaluation of therapeutic effectiveness of POAD interventional procedures requires 

the use of outcome measures that assess factors affecting patients directly (e.g. quality of 

li fe, survi val, amputation-free survival and pain relief) and clinical measures (e-g. 

labontory test scores). l 5  

Despite a significant growth in specialized vascular manpower and facilities, it has been 

proven difficult to measure the population-based therapeutic effectiveness of surgery for 

POAD. l6 

Since limb salvage is considered one of the primiuy goals of the interventional 

management of POAD especial ly in patients with critical limb is~hernia,"~'~ tentative 

conclusions might be drawn by examining the outcome of surgery for POAD as 

measured by the rate of lower-extremity 

In order to identify the population-based therapeutic effectiveness of surgery for POAD, 

the association between the revascularization procedures and amputation rates has been 

examined in many studies. 16.20-23 The assumption in these studies is that if 

revascularization procedures avoid the need for amputation in some patients, then a 

negative correlation should exist between rates of amputation and revascularization 

procedures." 

Several population-based studies have reported decreased rates of amputation in 

77 74 association with an increase in the use of revascularization procedures."" On the other 

hand, some studies showed no change in lower-extremity amputation rate. 16.20.21 

The limitations of these studies make drawing conclusions as to effectiveness of surgery 

in preventing amputation extremely difficult. These limitations include: 



1) Estimates of the procedure rates were at the population level rather than at the patient 

level, and therefore might reflect the incidence of multiple procedures for the sarne 

patient- 

2) Failure to examine rates of primary and secondary amputation separatel y. Pnmary 

amputation is defined as amputation of the ischemic lower extremity without an 

mtecedent attempt at revasc~larization.'~ Secondary amputation is defined as 

ampdtation for the ischemic lower extremity with a previous attempt for 

revascula~izütion.~~ Arterial bypass surgery may prevent or delay secondary 

amputation but has no role for prirnary amputation. Therefore, if the overall reduction 

in the amputation rate is as a result of reduction in the primary amputation rather than 

reduction in the secondary amputation, attribution of increased use of bypass surgery, 

as a cause of this reduction is not true. Furtherrnore, if there is overall reduction in 

amputation rate but the rate of secondary amputation is increasing, this will give a 

further false impression of the effect of bypass surgery. 

3) The amputation rate is not an appropriate outcome measure for most cases of 

angioplasty. This is because; most angioplasty procedures are perfomed for life-style 

limiting claudication, unli ke bypass operations that are performed in most cases for 

ischemic rest pain or to prevent tissue loss. 

4) The incidence of the underlying POAD is not known. 

Detemination of amputation rate in patients surviving post revascularization procedures 

(amputation-free survival rate) may overcome some of these limitations in order to assess 

how well bypass procedures prevent or delay amputation. 



Another outcome that can be used to evaluate revascularization procedures on a 

population-based level is the long-terrn survival rate post surgery. 

In Canada, limi ted population-based data are available on the utili zation of artenal bypass 

surgery (ABS), percutanous transluminal angioplasty P A ) ,  and amputation for POAD. 

Furthemore, population-based outcomes as measured by survival and amputation-free 

sunfival rates following revascularization procedures are not known. 

Conducting such a study in Ontario could act as an impetus for establishing a broader 

picture on the utilization of PO AD interventional procedures, and could detemine how 

well bypass surgery prevents or delays amputation. Such information may help in 

decision making for the provision of vascular services. In addition, it niay serve as a basis 

for formulating or refomulating hypotheses that are tested in an analytic design at the 

patient level to examine the effect of vascular services on patient care. 

1.2 Study Objectives 

This thesis evaluates the epidemiology and outcomes of POAD interventional procedures 

in Ontario. The study objectives were: 

1) To determine age and sex variation in the utilization of interventional procedures for 

POAD in Ontario over the past decade. 

The specific questions to be answered were: 

a. Did utilization rates of interventional procedures for POAD differ by age group in 

Ontario over the past decade? 



b. Did utilization rates of interventional procedures for POAD differ by sex in 

Ontario over the past decade? 

2) To determine time trends in rates of interventional procedures for POAD in Ontario 

over the past decade. 

The specific question to be answered was: 

Have the rates of interventionai procedures for POAD changed over the past 

decade in Ontario? 

3) To measure the outcomes of revascularization procedures (arterial bypass surgery and 

percutanous transluminal angioplasty) for POAD at the patient level and to determine the 

factors affecting these outcomes. 

The specific questions to be answered were: 

a. What are the 5-year survival rates in patients who underwent revascularization 

procedures for POAD? 

b. What are the 5-year amputation rates in patients surviving post revascularization 

procedures for POAD (5-year amputation-free survival rates)? 

c. Do age, sex and CO-morbidities affect the outcomes in patients who undergo 

revascularization procedures for POAD? 



CHAPTER 2 

BACKGROUND 

The objectives of this chapter are to: 

1. Review the pathophysiology of POAD; 

2. Review the nsk factors for POAD; 

3. Summarize coexisting vascular disease with POAD; 

4. Describe the clinical presentation of POAD; 

5. Summarize the interventional management of POAD. 

2.1 Pathophysiology 

Atherosclerosis is a degenerative systemic arterial disease, which begins early in ~ife.".'~ 

It is characterized by thickening and hardening of medium-size and larger arteries with 

nairowing of the merial lumen by athersclerotic plaques.'7 The basic lesion is a raised 

focal plaque, which develops within the intima1 layer of the artenal wa11.'~"' Plaque 

disruption results in alteration of endothelial integrity that lead to thrombus formation." 

Once the thrombus fomed. further dot deposition occurs and leads to nmowing of the 

a r t e r i e~ .~~  

It is generall y accepted that the athersclerotic plaque is the precursor of occlusive lesions 

32.34 teading to the expression of clinical symptoms in POAD. Plaques are distributed in a 

segmental pattern throughout the body. Lesions are commonly found in the terminai 

aorta, the aortic bifurcation, the common iliac bifurcation, the common femoral, and the 

popliteal and proximal portions of the tibia1 arterie~.~~ 



As stenosis develops slowly over a period of time in the larger arteries, blood fiow is 

diverted through the smaller arterial branches (collateral circulation) proximal to the 

26.36 stenotic areas. The ability to develop collateral circulation even with total occlusion 

of a major artery can keep the patient from becoming symptomatic at rest. This 

compensating mechanism however, is not often able to meet the increased metabolic 

demand imposed by exercise and ischemic pain may ~ccur . '~  

As a stenosis extends more proximally involving longer segments and vessels become 

oçcluded, perfusion is further compromised and pain occurs at rest. The leg may feel 

cold, pulses rnay become weak or absent and the skin is often pale. Superficial skin ulcers 

may occur ei ther spontaneousl y or following trauma. Ultimatel y, gangrene may 

d e v e ~ o ~ . ' ~  

The lack of a developed collateral circulation is what makes an acute lesion more 

dangerous than a slow progression of chronic disease that ieads to an occlusion.36 

Collateral development is often an adequate compensatory mechanism when stenoses 

occur in the large more proximal arteries. However, there are relatively few collateral 

vessels in the lower leg and stenotic and occlusive disease in the distal popliteal and 

proximal !iSial arteries can cause severe rest pain and ischernia." 



2.2 Risk Factors 

The nsk factors for developing POAD are similar to those for other athersclerotic Iesion 

and include; 

1) Age: The prevalence of POAD increases with age in both sexes. 1 -3,t2.37-$1 In addition, 

there is a general pattern of a gradua1 increase in prevalence up to the age of 70 

years.~.3.4 1-43 While only 1 to 2% of people younger than 70 years of age suffer from 

intermittent claudication, this figure rises to 10% in those older than age 70. Age also 

has been associated with an increase nsk of local disease progression.'5." 

2) Sex: The prevalence of POAD in men is greater than that for women at al1 age groups. 

The overall malelfemale prevalence ratio is 1.2 to 2.1.'s6s'5" In addition, male gender has 

k e n  associated wi th an increase nsk of local disease progression. 15"' 

3) Smoking: Most of the epidemioiogicûl studies of POAD have confirmed that cigarette 

' 3.5-9.12.37.48.49 smoking is a strong risk factor for the development of POAD." The relative 

risk for developing POAD in smokers ranging from 1.7 ' to as high as 7.5.3 In addition. 

the diagnosis of POAD is made up to a decade earlier in smokers than in nonsmokers. SOS I 

Furthemore, the evidence suggests that smoking may in fact be a more important risk 

factor for the development and progression of POAD than it is for coronary artery 

d i s e a ~ e . ~ ~ ~  

3) Diabetes mellitus: Many studies have shown an association between diabetes and the 

development of FOAD.~""~.~ '-~~ Overall, intermittent claudication seems to be about 

twice as common arnong diabetic patients as among non-diabetic patients." POAD in 

patients with diabetes is more aggressive, with early large vessels involvement coupled 

with microangiopathy. In patients with POAD and diabetes, the progression of the local 



disease and the risk of major amputation are much higher when compared with non- 

diabetic patients. 4054.55 

5) Hypertension: In most studies, s ystolic blood pressure is positive1 y correlated with 

the development of PO AD.^-^.".^^""^ The relative risk for developing POAD in 

hypertensive individuals is 2.5 in men and 3.9 in ~ o r n e n . ~  However, some studies failed 

to show this association."4056 The role of hypertension in the progression of the local 

disease is not clear. Although Jelnes et al 55 noted that the nsk of detenoration was 

related to hypertension, Donnandy and Mumy 57 found that hypertension did not 

influence the local progression of POAD. 

6) Hyperlipidemia: There is conflicting evidence regarding the relationship between 

hyperlipidemia and POAD. Although some studies have showed strong association 

between cholesterol level and PO AD,^.'^ others have failed to confirm this 

as~ociation.~~~~~~~~owever there is evidence that treatment of hyperlipidemia reduces both 

the progression and incidence of POAD. 59.60 

7) Other risk factors: A nurnber of other potential risk factors have been investigated. 

Semm fibmogen, 3.6 1-62 hematocri t, 6.6 1.62 and blood viscosity 6 1.62 are consistently higher 

in POAD patients. 

2.3 Coexisting Vascular Disease 

POAD, coronary artery disease (CAD) and cerbrovascular disease (CVD) are al1 

manifestations of atherosclerosis and often CO-exist in the sarne patients. 

In patients with POAD, the prevalence of CAD varies between 35 to 6096, when CAD 

was diagnosed by history, clinical examination and electrcardiography. 3.5.1 1.57.63 



By duplex examination, carotid disease has k e n  found in 26 to 50% of patients with 

POAD.&"' In addition, the prevalence of abdominal aortic aneurysms in POAD was 

found to be twice that of the general population. 68.69 

2.4 Clinical Presentation 

2.4.1 Intermittent Claudication (IC) 

Symptoms: IC is one of the most characteristic symptoms of POAD. Patients cornplain 

of profound fatigue, aching, or crampy pain in the leg after exertion that is relieved by 

rest. The two key features of claudication are its consistent reproducible occurrence at a 

constant distance and îts prompt relief by rest (within minutes) .The symptorns appear 

distal to the site of vascular occlusion. In iliac occlusion, the discomfort is in the thigh or 

buttock, while in superficial femoral artery occlusion, the symptoms are found in the calf. 

Prevalence: The prevalence of intermittent claudication ranging from 0.4 to 14.4%. 1.1 1-14 

The wide range in prevalence can be explained by; age, sex, and geographical location of 

the population studied and by the diagnostic technique used to identify patients with IC. 

Treatment: Most claudication can be managed without surgery. In most patients, a 

routine exercise program and cessation of smoking will result in noticeable improvement 

in walking distance. Other athenclerotic risk factors should also be contr~lled.'~ 

Intervention by percutanous transluminal angioplasty (PTA) and stenting or surgery is 

only indicated in selected patients with IC in whom exercise treatment has failed." In 

most IC patients, who require intervention, the disease is focal and treatment with PTA 

will be sufficient to improve the flow. However, if the disease is diffuse, surgical 

intervention is required (see below). 



Prognosis: The prognosis of patients with IC is considered to be favorable.70 It is a stable 

disease in 70 to 80% of the patients 55.70-72 and it is genenll y clinicall y accepted that only 

about 25% of caludicants will d e t e n ~ r a t e . ' ~ ~ ~ ~  About 1 to 10% of patients with IC may 

require reconstructive surgery to improve their circulatory f l ~ w . * ~  Amputation may be 

required in 1 to 2% of al1 patients.'5 The long-tem survival rates of these patients are 

75%, 50%, and 30% at 5, 10, and 15 years, respectivel y , l s  and the most common cause of 

death in these patients is CAD." 

2.4.2 Critical Limb Ischemia (CLI) 

CL1 is the term used to delineate those patients whose arterial disease resulted in a 

breakdown of the skin (ulcer or gangrene) or pain in the foot at rest.15 

Symptoms: The history is dominated by pain; in most cases, the pain is severe, 

intolerable, occurs at night, and it only responds to strong analgesics or opiates. The pain 

is localized in the distal part of the foot or in the vicinity of an ischemic ulcer or 

gangrenous toe. Elevating the foot exacerbates the pain and keeping the foot in a 

dependent position may relieve it. Severe ischemia is often associated with atrophy of 

calf muscles and loss of hair growth over the dorsum of the toes and foot. Artenal ulcers 

usually involve the tips of the toes, the heel of the foot, or wherever local pressure has 

caused further decrease of perfusion. Gangrene usually affects the digits; in severe cases, 

it may involve the distal parts of the forefoot. The arterial pulse is usually absent or 

diminished. 

Prevalence: There is little direct information on the incidence and prevalence of CLI. 

The incidence of CL1 has been estimated to be 30 to 50 per 100,000 per year.15 



Treatment: Al1 patients with ulcers, gangrene, or pain in the foot attributable to POAD 

should be considered an urgent case. The basic treatment should include; pain control. 

foot care, topical therapy for ulcer and gangrene, the use of systemic antibiotics in 

patients with cellulites, and risk factors and coexisting diseases c~n t ro l . ' ~  Most of the 

patients with CL1 require revascularization to avoid major amputation.'5 Patients with 

focal disease and restorable run-off will generally benefit from PTA. However most 

patients with CL1 have diffuse disease and poor run-off where surgical intervention is 

required (see below). 

Prognosis: The prognosis of patients with CL1 is considered to be bad. The primary 

73-76 amputation rate ranging from 10% to approximately 40%. The 5-year survival rate 

ranging from 38 to 48% in patients treated operatively, and from 12 to 68% in patients 

requinng re-operative s ~ r ~ e r ~ . ~  De Wess and Rob 77 found that virtually al1 (95%) 

patients who presented with ischemic gangrene and 80% of those presenting with rest 

pain were dead within 10 years. 

2.4.3 Acute Lirnb Ischemia (ALI) 

ALI is any sudden decrease or worsening in the limb perfusion causing a potential threat 

to extremity viability. l 5  ALI is caused by sudden obstruction of the arterial system by an 

embolus, thrombosis, or combination of the two. 

Symptoms: Sudden onset of diffuse and poorly localized leg pain. The pain is usuall y 

associated with diminished or absent pulses, pale and cold leg, numbness or parasthesia, 

and loss of motor function. 



Treatment: The treatment of ALI is an emergency situation. Al1 patients should be 

started on hepaiin infusion. If the limb is threatened, thrombembloctomy should be 

performed with or without thrombolytic therapy. A bypass procedure sho~ld be 

performed if the treatment is not successful. In case of irreversible leg ischemia, 

amputation should be done. 

Prognosis: The monality rate of ALI is 10 to 20%. 78-83 The long-tenn morbidity include 

limb loss and renal failure from myoglobinurea.15 The limb salvage rate after treatment is 

8 1 % at one year. 84.85 

2.5 Interventional Management of POAD 

2.5.1 Revascularization procedures 

2.5.1.1 Indications for intervention include: 

1) Severe claudication not responding to conservative management including 

exercise programs. 

2) Rest pain. 

3) Tissue loss. 

4) ALI with reversible ischemia not responding to thrombectomy. 

2.5.1.2 Interventional procedurch 

Many classification systems have been developed to address the best interventional 

procedures for patients with POAD. Generally, PTA with or without stenting is 



preferred for patients with focal disease and restorable run-off. and surgery is preferred 

for patients with diffuse disease and poor run-off. l 5  Most of the patients with IC have 

focal disease and can benefit from PTA; conversely, most CL1 patients have diffuse 

disease that requires surgical intervention. 

2.5.1.3 Aortoiiiac Occlusive Disease 

PTA is generally applied to more focal disease of the distal abdominal aorta, common 

iliac meries, and external iliac artenes. For diffuse, extensive, complex, multilevel, 

multifocal, or totally occluded atherosclerotic segments of the infrarenal abdominal aorta 

and iliac artenes, the procedure of choice is ~ u r ~ e r y ' ~  

A) Surgical procedures 

1) Aortobifemoral bypass (ABF): It is the most commonly performed procedure. 

The distal anastomosis is usually performed on the common femoral artery and 

proximal anastomosis is performed on the infrarenal aorta near the renal arteries. 

The procedure is associated with f to 5% operative mortality. 86-9L The cumulative 

survival rates are 68 to 80% and 38 to 52% at 5 and 10 years, 

respective1 y. 63.89.9 1.91 The cumulative Iimb salvage rates are 76 to 95% and 82 to 

91% at 5 and 10 years, respectively. 87-89*91 The cumulative g n f t  patency rates are 

80 to 94% and 62 to 83% at 5 and 10 years respectively. ""' 
2) Unilateral aorto or iliac to femoral bypass: When a single iliac is involved in the 

ischemic process, it  may be desirable to conduct a unilateral procedure. The 

procedure is associated with a O to 5% operative mortality. 93-98 The cumulative 

94-99 graft patency rate is 83 to 92% at 3 years. The cumulative survival rates are 78 



to 90% and 55% at 3 and 5 years, respectively. 93.94.w. 1 0 0  The cumulative limb 

salvage rate is 77 to 88% at 3 years. 94.99 

3) Extra-anatomic bypass: 

a) Femoral -femoral bypass: It may be used for patients with unilateral iliac 

disease if the remaining artery does not have a significant disease. The 

procedure is associated with a O to 6% operative mortality. 'OO-L" The 

cumulative graft patency rate is 57 to 92% at 5 years. loo-lw The 

cumulative survival rate is 70 to 80% at 6 yean.93.100~'w*'05 The limb 

salvage rates are 85% and 83% at 3 and 6 years, respectively. 104-106 

b) Axillobifemoral bypass: This procedure used for high-risk patients who 

require vascularization but cannot tolerate ABF. The procedure is 

associated with 3 to 1 1 % operative mortality. 107-1 13 The cumulative graft 

patency rate is 59 to 76 % at 5 years. 107-1 12 The cumulative limb salvage 

rate is 75 to 89% at 5 years. 107.100.1 10.1 1 1  The cumulative survival rates are 

39 to 45% and 23 % at 5 and 10 years, respectively.'07~110-112 

B) PTA and Stenting proceditres 

These procedures are predorninantly perfomed for claudication; 77 to 82% of iliac PTA 

and 78 to 86% of iliac stenting are performed for patients with IC." PTA and stent 

placement have the advantages of lower morbidity and mortality risk compared with open 

surgical revasculaiization. 114.1 1.5 However, PTA and stents offer a lower durability of the 

resul ts as compared wi th surgery. '' The 30-day mortali ty rate averaged 0.8% for PTA 

and 1% for stent procedures.'5 The mean systemic complication rate is 1.3%; the local 



complications rate, 9.6%; and the mean rate of major complications necessitating 

treatment is 4.3% for PTA and 5.2% for stents. ' '' Four-year primary patency rates are 

65% for stenoses versus 54% for occlusions after PTA to treat claudication and are 53% 

for stenoses versus 44% for occlusions after PTA to treat critical ischemia.' l5  Four-year 

primary patency rates are 77% for stenoses versus 6 1 % for occlusions after stent 

placement to treat claudication and 67% for stenoses versus 53% for occlusions after 

stent placement to treat cntical ischemia.'" 

2.5.1.4 Infrainguinal Occlusive Disease 

This inc l udes occlusive disease of the common femoral, superficial, deep femoral, 

popliteal, and tibial arteries. 

A) Srr rg ical procedures 

The overall perioperative mortality rate for al1 patients undergoing infrainguinal merial 

reconstruction ranges from 2 to 6%,' l6 and the 5-year cumulative survival rate ranges 

from 38 to 59%. '" '16 ' " ~ h e  long-term graft patency and limb salvage rates depend on 

the graft material used, type of POAD, and the presence of CO-morbidities. 

1) Femoropopliteal bypass: This procedure is required in patients with occlusive 

disease in the femoral vessels. The 5-year graft patency rate is 33 to 88%.'19 The 

cumulative limb salvage rate at 5 years is 60 to 98%.'17*120-126 

2) Femorotibial bypass: This procedure is required in patients with occlusive disease 

in the popliteal and tibial vessels. The 5-year pnmary patency rate of vein bypass 

is 56 to 69 %. with 5 -year limb salvage rates of 47 to 92%.1"'27-'32 



B) PTA and Stenting procedures 

The efficacy of these procedures depends on the anatomic selection of the lesions and the 

patient selecti~n.'~ Patients with focal disease and restorable run-off will generally 

benefit; conversel y, patients with diffuse disease and poor run-off will not." For 

femoropopliteal PTA, 50 to 70 % of anatomicall y selected patients will show clinical 

benefit at 2 years. Tibia1 PTA has generally k e n  reserved for Iimb salvage patients, and 

with appropnate patients selection, 2-year lirnb salvage rates of 80% can be expected. l5 

2.5.2 Amputation 

2.5.2.1 Types of amputation 

1) Pri mary amputation: 

Primary amputation is defined as amputation of the ischemic lower extremity without 

antecedent attempt at revascularization. l5 

Indications for pnmary amputation inc~ude'~: 

1) Unreconstructible merial occlusive disease. 

2) POAD patient with terminal i llness or very limited life expectancy because of 

comorbid conditions. 

3) Necrosis of significant areas with persistent infection that may lead to systemic 

sepsis. 

4) A patient who has no potential for ambulation even after successful 

revascularization as in patients with fixed, unremediable flexion contracture of the 

leg. 



5) ALI with prolonged irreversible ischemia, or if the severely ischemic limb could 

jeopardize the patient's life. 

II) Secondwy amputation: 

Secondary amputation is defined as amputation for the ischemic lower extremity with a 

previous attempt for revascularization. 

Indications for secondary amputation include": 

1) Unreconstructible arterial occiusive disease after revascularization has been 

attempted and vascular intervention is no longer possible. 

2) Persistent infection despite aggressi ve vascular reconstruction. 

3) Limb continues to deteriorate despi te the presence of a patent graft. 

2.5.2.2 Amputation level 

The primary goal of amputation is to obtain primary healing of the lower extremity at the 

most distal level possible. 

1) Minor amputation: 

It includes toe and forefoot amputations. It is a simple procedure to preserve the limb 

function. However, Distal ischemia is a frequent cause of non-healing metatarsal 

amputations requiring re-treatment by major amputation especially in patients with 

diabetes. 133 In a study of 1043 patients who had foot amputation. nearly 40% required a 

more proximal foot amputation to treat a non-healing distal amputation.'34 Similarly, in a 

study of 90 diabetic patients who had a great toe amputation, 17% subsequently had a 

below knee amputation. 13' 

II) Major amputation: 



It includes ankle, below-knee, and above-knee amputation. Operative mortality ranges 

from 4 to 30%. f36~137~orbidity  ranges from 20 to 37%. i36~i3swi39~pproximately 15% of the 

patients who had major amputation require contralateral major amputation in two years. 

l u )  



CHAPTER 3 

METHODS 

The objectives of this chapter are to: 

1. Provide an overview of the study methodology; 

2. Describe the data bases used; 

3. Describe the algorithms used to identify the cases; 

4. Describe the method used for data validation; 

5. Outline the statistical methods used for data analysis. 

3.1 Overview 

3-1-1 Study Design 

A retrospective population-based cohort study utilizing Ontario's administrative 

databases was conducted for the fiscal years 199 1 to 1998 (April 1 of thc 

to March 31 of the following year). 

3.1.2 Exposure 

POAD interventional procedures. These include iower extremity artenal 

i ndicated year 

bypass surgery 

(ABS), percutanous transluminal angioplasty (PTA), and amputation (major and minor). 

3.1.3 Population 

Only women and men aged 45 years and older in Ontario comprised the study 

population, since fewer than 3% of patients undergoing these procedures are under the 

age of 45 years.'41 



3.1.4 Outcornes 

The main outcornes of interest are: 

1) Utilization rates of POAD interventional procedures by age and sex. 

2) Temporal trends in the rates of interventional procedures for POAD. 

3) At the patient level, long-tenn survival and amputation-free survival following 

revascularization procedures and factors predicting these. 

3.1.5 Unit of analysis 

For the rates calculation, the interventional procedures at a population-level wew used as 

the unit of analysis. For the survival analysis, the patient was used as the unit of analysis. 

3.2 Data Source 

The study was conducted at the Institute for Clinical Evaluative Science in Ontario 

(ICES). The ICES has many administrative databases for the health care system in 

Ontario. Of these databases the following were used; 

3.2.1 Canadian Institute for Health Information (CIHI) Database 

Cases of artenal bypass surgery and amputation were obtained from the Canadian 

Insti tute for Health Information (CIHI) hospi ta1 discharge abstract database. This 

database records discharges from an y Ontario acute care hospi ta1 including day surgeries. 

Al1 of this information is abstracted from patient charts, coded and inputted locally into 

hospital databases by trained personnel, then included in summaries sent to various 

centrd C M  databases. The diagnosis codes are based on the International Classification 

of Disease. Ninth Revision (ICD-9)'" and the treatment codes are based on the Canadian 

Classification of Diagnostic. Therapeutic and Surgical Procedures (ccP) . '~~ The main 



data elements include four types of information. The first type is demographic- 

information on age, sex, and area of residence. The second type focuses on disease, both 

the pnmary diagnosis (most responsibk diagnosis) and the secondary diagnosis and 

complications (up to 16 diagnosis). The third type of data specifies the procedures 

provided by the physician (up to IO procedures). The fourth type of data specifies 

hospital services provided- information on admission category, length of stay and special 

care unit stay. Studies have shown that less than three percent of the records from Ontario 

are rnissing demographic data.Iu A study of Ontario data on most responsible diagnosis 

and principal procedures revealed an 81 per cent level of agreement for the most 

responsible diagnosis and 88 per cent for the primary procedures between the database 

and patients charts.'" Problems are evident, however when the information is 

reabstracted for secondary diagnosis and procedures. The agreement level in the Ontario 

study dropped to 37 per cent and 53 percent r e~~ec t ive l~ . "~  

3.2.2 Ontario Health Insurance Plan (OHIP) Database 

Since not al1 PTA procedures were done as in-patient procedures, CMI cannot provide 

full information about PTA. Therefore, the OHIP database was used to determine PTA 

procedures. This database reccrds claims paid for health care providers by the Ontario 

Ministry of Health (MOH). These OHIP claims are prepared by the service providers and 

submitted to the district MOH office. From there, they are sent to the central office in 

Kingston for electronic processing. The diagnosis and the procedure codes are based on 

the MOH fee service and diagnosis  code^.'^ The main data elements include three types 

of information. The first type is patient and physician identifier. The second type is the 



code for service provided, date of service, and associated diagnosis. The third type of 

data is the fee paid. The OHIP data lacks the demographic information on the patients 

and has poor recording for comorbidities. Furthemore, physicians may or may not record 

the diagnosis on the claims statement because in most cases the diagnosis is not required 

for payment. l u  The level of agreement between OHlP claims and hospital records is 

procedure-specific. Iron et a P 7  found high levels of agreement between hospital records 

and OHlP claims for hysterectorny (94%) and cholecystectomy (93%), while for 

mastectomy it was 80%. 

3.2.3 Registered Persons Data Base (RPDB) 

This database records personal information that describes people who are, or were, 

entitled to medical services under OHIP. Al1 of this information is inputted by the MOH. 

The main data elements include name, birth date, gender, address, and death indicator. 

Each patient in these databases (CIHI, OHIP, RPDB) has the same unique encrypted 

identifier called the ICES key number (IKN). By the IKN these databases can be linked. 

The fact that the administrative databases were not oiginally intended to be used for 

a research purpose has caused debate on the issue of patient privacy and consent. At 

ICES, where the study was conducted, the problem of patient confidentiality is assisted 

by having strict policies, which deny access to any person-identifiable data, and limit 

access to anonymous data. In addition, al1 staff working with the databases are required to 

sign a pledge of confidentiality. 



3.3 Identification of cases 

3.3.1 Arterial bypass surgery procedures 

Using the C M  database. discharge abstracts for al1 patients 45 years of age and older 

who were discharged between April 1, 1991 and March 3 1, 1999 wiih a procedure code 

(CCP codes 5 1.25 and 5 1.29) for lower-extremity artenal bypass surgery were obtained 

(Table 1). Records with CCP code 5 1.25 were considered as aorto-ilio-femoral bypass 

cases (AIF), while records with CCP code 51.29 were considered as other penpheral 

bypass (OPB). To ensure that only procedures for POAD were included, records with a 

primary diagnosis code indicating abdominal aortic aneurysm (ICD-9 Codes 441.3- 

44 1.7), iliac artery aneurysm (ICD-9 Codes 442.0 and 442.2) or lower extremity rirtery 

aneurysm (ICD-9 Code 442.3) were excluded. Duplicate records, which are defined as a 

record with similar IKN, admission date, procedure and diagnosis codes, were excluded. 

Records with missing IKN also were excluded. 

In order to identify the charactenstics of the patients undergoing these procedures, the 

data was sorted by IKN, to transfonn the data to the patient level. The CO-morbidities of 

the patients including; diabetes melli tus (ICD-9 code 250). hypertension (ICD-9 code 

40 1-405) and coronary artery disease (ICD-9 code 4 10-4 14) were identi fied from the 

records for each patient. 

3.3.2 Amputation procedures 

Using the CIHT database, discharge abstracts for al1 patients 45 years of age and older 

who were discharged between April 1, 1991 and March 3 1, 1999 with a procedure code 

(CCP codes 96.1 1-96-15} for lower-extremity amputation were obtained (Table 1). 



Records with toe (CCP code 96.1 1) or through-foot (CCP code 96.12) amputations were 

defined as minor amputation, while records with ankie (CCP code 96-13), below-knee 

(CCP code 96.14) or above-knee (CCP code 96.15) amputations were defined as major 

amputation. To ensure that on1 y amputations for POAD were included, records with a 

primary diagnosis code indicating trauma, congenital anamolies, or tumors (Table 2) 

were excluded. Duplicate records and abstracts with missing IKN were excluded. 

In order to identify the characteristics of the patients undergoing these procec'ures, the 

data was sorted by the IKN, to transform the data to the patient level. The CO-morbidities 

of the patients including; diabetes mellitus (ICD-9 code 250), hypertension (ICD-9 code 

401-405) and coronary artery disease (ICD-9 code 410-414) were identified from the 

records for each patient. 

3.3.3 Percutanous transluminal angioplasty procedures 

Since the OHIP daim records at ICES for the fiscal year 1991 are not complete, the 

decision was made to include only the records for the fiscal years 1992 to 1998. 

Claims for al1 patients between April 1, 1992 and March 31, 1999 with a service code for 

lower-extremity PTA (5025) were obtained from OHIP database. Service code JO25 is not 

specific for lower-extremity angioplasty, but it was also used for renal angioplasty till 

1994 and is stiil in use for upper extremity and carotid PTA. However, in more than 85% 

of the cases this code is used for POAD (personal communication with Dr.Stuart Bell, 

Radiology department at Sunnybrook Hospital). 

Although not all physicians record the diagnosis in OHIP daims, records with diagnosis 

codes indicating renal vascular anomalies (code 593.8), hypertensive renal disease (code 



403), renal failure (codes 584, 584), transient ischemic attack (code 433, or chronic 

arteriosclerotic cerebrovascular disease (code 437) were excluded in an effort to decrease 

the number of renal and carotid angioplasty cases. To obtain the demographic features of 

the patients who underwent PTA, the claim records were linked to the RPDB by the m. 

Any record for patients under the age of 45 years was excluded. Duplicate records, which 

are defined as a record with similar MN, service date, procedure and diagnosis codes, 

were excluded. Records with missing IKN also were excluded. 

In order to identify the charactenstics of the patients who underwent these procedures. 

the data was sorted by the IKN. to transfomi the data to the patient level. 

3.3.4 Outcornes of revascularization procedures 

The follow-up period was defined as the time frorn the admission date for ABS and the 

service date for PTA until readmission for amputation (major or minor), death, or March 

31, 1999. 

After identifying the patients who underwent ABS or PTA as previously described, these 

patients were followed up in the C W  database from the date of surgery (admission date 

for ABS, either AIF or OPB) or from the PTA service date until the date of amputation 

(admission date for amputation) by the MN. In addition, these patients were followed up 

from the date of procedure until the date of death by linking the patients' records to the 

RPDB using the IKN. 



3.4 Data validation 

To validate the coding for POAD surgical procedures, 300 CIHI discharge abstract 

records with ABS or amputation codes and a hospital code indicating the Sunnybrook 

hospital were randomly selected over the study period. These records were compared 

with the comesponding patients' charts from the Sunnybrook hospital to assess the level 

of agreement for procedure coding. In addition, matched charts were used to determine 

the prevalence of di abetes, hypertension, coronary artery disease, h yperlipidemia, and 

smoking in these patients (Appendix 1). Ethical approval to review the patient charts was 

obtained from the Sunnybrook and Women's College Research Ethics Board (Appendix 

2). 

3.5 Statistical analysis 

3.5.1 Rates calculation 

The age of the patients at the time of procedure were divided into five age groups (45-54, 

55-64,65-74-75-84,> 85 years). The age-specific rates for women, men, and both were 

calculated for each interventional procedure by using the Ontario age and sex stratified 

population for the relevant year as the denominator. 

Overall rates for each procedure were calculated using Ontario population aged 45 years 

and over for the relevant year as the denominator. Rates were directly standardized to 

1991 Ontario population aged 45 years and over by sex and the five age groups (45-54, 

55-64,65-74,75-84.2 85 years). 

Ontario population estimates for each year were obtained from Statistics canada? 

Confidence intervals for the rate ratios were calculated according to the methods 



recommended by Rosner.IJ9 Changes in the rates of procedures over the study period 

were assessed by least square linear regression with year as the independent variable and 

the adjusted rate as the dependent variable. Results of the regression analysis are 

presented as linear trend estimates with corresponding standard errors. The linear trend 

estimate indicates the size and direction of the average rate of change per year in the 

underl ying incidence. 

3.5.2 Data validation 

The percentage of rnatched CIHI records with patients' charts were calculated for both 

ABS and amputation records. Using patients' charts as the gold standard, sensitivity, 

specificity, positive and negative predictive values and overall accuracy were calculated 

to describe the vahdity and accuracy for CO-morbidities recording in the matched CMI 

records. Sensitivity refers to the proportion of the patients' charts with the CO-morbid 

diagnoses that have a positive C M  recording for the diagnoses, whereas specificity 

refers to the proportion of the charts without the CO-morbid diagnoses that have a 

negative CMI recording for the diagnoses. Accuracy and validity refer to how closely a 

CMI record of havinghot having a CO-morbidi ty condition corresponds with the 

presencelabsence of such a condition. 

3.5.3 Survival analysis 

3.5.3.1 Survival rates post revascularitaf ion procedures 

The Kaplan-Meier method (product-limit method)lS0 was used to estimate the cumulative 

survival rates p s t  arterial bypass surgery and percutanous transluminal angioplasty. 



Survival time was defined as the time in years from the procedure date until death 

occurred. If a patient had more than one procedure, the follow-up was started from the 

first procedure. Data on patients who did not die before the end of study (March 3 1, 

1999) was considered censored data. 

Patients who underwent ABS were subdivided into AIF and OPB groups. Survival rates 

were calculated for these groups in a similar way and compared using the log-rank test. 

3.5.3.2 Amputation-free srrrvival rates pust revascuiarization procedures 

The Kaplan-Meier method (product-1 imi t rneth~d)"~ was used to estimate the cumulative 

amputation-free survival rates p s t  both arterial bypass surgery and percutanous 

translumina! angioplast y. 

Amputation-free suwiva! time was defined as the time in years from the procedure date 

until amputation occurred. If a patient had more than one procedure, the follow-up was 

started from the first procedure. Also if a patient had more than one amputation after the 

procedure, the first one was counted as the event. Data on patients who did not 

experience the event before the end of study (March 3 1, 1999) and data on patients who 

died before an amputation occurred were considered censored data. Similady, major 

amputation and minor amputation-free survival rates were calculated for each procedure. 

Patients who underwent ABS were subdivided into AiF and OPB groups. Any, major and 

minor amputation-free survival rates were calculated for these groups in similar way and 

compared using the log-rank test. 



A Cox-proportional hazard mode1 'S'.15Z was used to determine the effect of age at the 

time of the procedure, sex and CO-morbidities (diabetes mellitus, hypertension, CAD) on 

the survival rates and any, major, or rninor amputation-free survival rates p s t  ABS. AIF, 

and OPB. Since the OHiP database lacks information on CO-morbidities, the Cox- 

proportional model was only fitted for age and sex post PTA. Age was entered into the 

model as a continuous variable. Other variables were entered in the model as 

dichotomous variables: sex (male, female), comorbidity variables (present or absent). Al1 

variables were entered into the model simultaneously without the use of stepwise or 

condi tional procedures. 

Demographic differences between patients undergoing different procedures were 

assessed by means of chi-square test for categorical variables and t-test for continuous 

variables. AI1 P-values reported were two tailed, and were considered significant at the 

0.05 level. 

Statistical analyses were performed using Statistical Applications Software of the SAS 

Institute, version 8 (Carey, North Carolina). 



Table 1 : Canadian Classification of Diagnostic, Therapeutic and Surgical Procedures 
(CCP) codes used to identify patients undergoing lower limb arterial reconstruction, or 
amputation 

CCP 
code 

Operation Description 

Aorto-i liac-femoral 
bypass 

aortofemoral, aortoit iac, aortopopli teal, iliofemoral 

Other (peripheral) shunt femoropopliteal, femoroperoneal, femrotibial, 
or bypass femoral-femoral , axi l lary-femoral 

Amputation and 
Partial or complete toe amputation 

disarticulation of toes 

Amputation and amputation below ankle, transmetatarsal 
disarticulation of foot amputation 

96.13 Amputation and Amputation of ankle through malleoli of tibia and 
disarticulation of ankle fibula 

96.14 Amputation of lower leg Below knee amputation 

96.15 Amputation of thigh Above knee amputation 

Table 2: International Classification of Disease, ninth revision (ICD-9) codes used to 
exclude patients undergoing amputation for an indication other than peripheral occlusive 
arterial disease 

- - - 

ICD-9 code Disease classification 

Malignant bone tumor 

Malignant connective tissue tumor 

Benign neoplasrn of bone 

Osteom yelitis 

Congeni ta1 abnorrnali ties 

Trauma 

Anenal injury 

Burns 



CHAPTER 4 

RESULTS 

The objectives of this chapter are to: 

1. Present the baseline characteristics of the patients and the procedures; 

2. Present the results of the data validation studied; 

3. Present the incidence and temporal trends of the procedures; 

4. Present age and gender distributions of the procedures; 

5. Present the outcomes of POAD revascularization procedures and factors associated 

with these outcomes. 

4.1 Baseline characteristics 

4.1.1 Eligi ble records for anal ysis 

Figures 1.2 and 3 summarize the number of eligible records for amputation, ABS, and 

PTA that we identified from CMI and OHP databases, which were used for the analysis. 

4.1.2 Characteristics of procedures and patients 

4.1.3.1 Revascularization procedures 

33,17 1 revascularization procedures were performed in Ontario for fiscal years 1992 to 

1998. 8.8% of the patients had both bypass surgery and angioplasty. The patients' 

characteristics are shown in table 3. 



4.1.2.1.1 Arterial bypass surgery 

19,332 ABS procedures were performed in Ontario during the study period with AIF and 

OPB procedures representing 22.7% and 77.3% of the ABS procedures, respectively. The 

operation: patient ratio for ABS, AIF, and OPB procedures were 1 2 2 :  1, 1.08: 1, and 

1.24: 1, respectively. The patients' characteristics are shown in table 3. 

4 - 1 2  1.2 Percutanoris translumirtal angioplasty 

16,334 PTA procedures were performed in Ontario for fiscal years 1992 to 1998. The 

procedure: patient ratio was 1.42: 1. Since the OHIP database does not record the co- 

rnorbidities of the patients, only age and sex of the patients are presented in table 3. 

4.1.2.2 Amputation 

17,534 amputations were performed in Ontario during the study period with major and 

minor amputations representing 62% and 38% of the amputation cases, respectively. The 

operation: patient ratio for any amputation, major amputation, and minor amputation 

were 1.35: 1, 1.20: 1 and 1.20: 1, receptively. BKA, AKA and ankle amputation 

representing 54.6%, 48% and 1.4% of the major amputation cases, respectively. The 

procedure was performed bilaterally on 9.2% of the BKA patients and on 8% of the AKA 

patients. The characteristics of the patients identified as having undergone amputation are 

shown in table 4. 

Although patients who underwent PTA were slightly younger than those who underwent 

ABS, the patients who underwent amputation were older than those treated with either 

angioplasty or bypass surgery (pc 0.0001). Diabetes was more cornmon in patients who 



underwent amputation when compared to patients who underwent bypass surgery 

(p4.ooO 1). 

4.2 Data validation 

300 CM1 records randomly selected over the study period, with ABS or amputation 

procedure codes and were compared to the corresponding patients' charts from 

Sunnybrook Hospital. 93% of the C H  records matched with the patients' charts. (Table 

5) .  

The prevalence of POAD risk factors was abstracted from the matched charts and is 

shown in table 6. In general there was under reporting of CO-morbidities in the matched 

C M  records. Although, the accuracy of recording diabetes was reasonabl y good (89%) 

in the matched CIHI records for amputation, the overall accuracy of recording other co- 

morbidities was low (Table 7). The high accuracy for reporting lipid disorder most likely 

relates to the low prevalence in the patients' charts. 

4.3 Temporal trends in rates of interventional procedures 

4.3.1 Revascularization procedures 

Table 8 presents the average annual age and sex adjusted rates and male to female age- 

adjusted rate ratios for revascularization procedures over the study period. 

Figure 4 shows the rates of revascularization procedures (the combination of bypass 

surgery and angioplasty) for fiscal years 1992 to 1998, adjusted for age and sex. 

The age and sex adjusted rate for the revascularization procedures was stable over the 

study penod (Table 9). Although younger age groups showed decIining rates of 



revascularization procedures, the older age groups showed an increasing trend (Table 10- 

a). 

4.3.1.1 Arierial bypass surgery 

Figures 5 to 7 present the rates of ABS, AIF, and OPB for the fiscal years 1991 to 1998, 

adjusted for age and sex. The age and sex adjusted rate of ABS has fallen significantly 

over the study period. This trend was influenced by the significant declines in the age- 

adjusted rates for both genders (Table 9). Although al1 age groups showed declining rates 

of ABS, the 85 years and older age group showed an increasing trend of borderline 

significance (p=û.06) (Table IO-b). 

When ABS procedures were subdivided to AIF and OPB procedures, a similar pattern 

was observed for AIF (Tables 9 and 10-c). The OPB age and sex adjusted rate has fallen 

significantly. This trend was influenced by a significant decline in the male age-adjusted 

rate but not female (Table 9). All age groups showed declining rates except the 85 years 

and older age group which showed an increasing trend of borderline significant (Table 

10-d). 

4.3.1.2 Percutanous Translumi~zal A~lgioplasty 

Figure 8 shows the rates of PTA for the fiscal years 1992 to 1998. adjusted for age and 

sex. The age and sex adjusted rate of PTA has increased significantly over the study 

period. This increase in the rate reflected significant increases observed in both sexes 

(Table 9). Al1 age groups have shown significant increases in the age-specific rates over 

the study period (Table 10-e). 



4.3.2 Amputation 

TabIe 8 presents the average annual age and sex adjusted rates and male to female age- 

adjusted rate ratios for amputation procedures over the study p e n d .  

Rates of amputation, major amputation, minor amputation, BKA, and AKA for fiscal 

years 1991 to 1998 are show in figures 9 to 13. 

The age and sex adjusted rate of major amputation has fallen slightly over the study 

period. The age-adjusted rates for women and men fell slightl y, but it failed to reach 

significance for men (Table 9). Although al1 age groups showed slight, but not significant 

reduction in the rate of major amputation, the 85 years and older age group showed a 

reduction by an average of 4.68 procedures per 100,000 per year (R2= 0.52, p=0.06) 

(Table 10-g). Similar patterns of AKA rates were observed (Tables 9 and 10-h). There 

was no significant linear trend for SKA (Tables 9 and 104). On the other hand, the age 

and sex adjusted rate of minor amputation has fallen slightly, but it failed to reach 

significance (Tables 9 and IO-j). The average age and sex adjusted rate ratio of above- to 

below-knee amputation was 1: 1.24 (ranging from 1: 1.1 to 1: 1.4). 

4.4 Age and gender differences 

4.4.1 Revascularization procedures 

The overall age-specific rate of ABS followed a similar pattern for males and females, 

but males had higher rates at al1 age groups (Figure 14). The rate was peaked in males 

and females at 2 age groups (the 75-84 years, and the 85 years and older age groups). 



4.4.1.1 Arterial bypass surgery 

The overd1 age-specific rate of ABS followed a similar pattern for males and females, 

but males had higher rates at al1 age groups (Figure 15). The rate was highest in males 

and females aged 75-84 years. Similar patterns were observed for the age-specific rates 

when procedures were subdivided to AIF and OPB groups. For the AIF group, the rate 

was highest in males and female aged 65-74 years (Figure 16). For the OPB group, the 

rate was highest in males and females aged 75-84 years (Figure 17). 

4.4.1.2 Percutanous trarlslurnirzal angioplasty 

The age-specific incidence of PTA followed a similar pattern for males and females, but 

mdes had higher rates at al1 age groups (Figure 18). The rate was highest in males and 

females aged 65-74 years. 

4-42 Amputation 

The age-specific rate of amputation followed a similar pattern for males and females, but 

males had higher rates at al1 age groups. The rate of amputation increased with age 

advancement and was highest in males and females aged 85 years and older (Figure 19). 

For major amputation (including BKA and AKA), the age-specific rates were higher in 

males at al1 age groups and the rate was highest in the 85 years and older age group 

(Figures 20-22). However, for minor amputation, the rate was highest for patients aged 

75-84 years (Figure 23). 



4.5 Sunival p s t  revascularization procedures 

Mean follow-up for the patients who underwent ABS was 3.1 +. 2.4 years. 5,074 patients 

died during follow-up. The five-year survival rate for these patients was 6 1.5% + 0.38% 

(Figure 24). When survival rates were compared between the patients w ho underwen t 

AIF and those who underwent OPB procedures, the 5-year survivd rates were 74.7% + 
0.8% versus 56.8% + 0.6%, respectively (pc0.0001 by log rank test) (Figure 24). 

Increased nsk of death post ABS was associated with increased age, male sex, CAD and 

diabetes. On the other hand, hypertension was associated with decreased risk (Table 11). 

For patients who underwent PTA, the mean follow-up was 3.1 + 2 years. 2,556 patients 

died during follow-up. The 5-year survival rate was 68.9% k 0.6% (Figure 25). Risk of 

death post PTA was higher in males and older patients (Table 11). 

4.6 Amputation-free surnval post revascularization procedures 

4.6.1 Amputation-free survival 

Freedom from any amputation in the surviving patients post ABS at 5 years was 77.2% f 

0.4% (Figure 26). It was significantly better at 5 years for patients who underwent AiF 

(9 1.5% f 0.5%) than those who underwent OPB (72.7 % f 0.5%; p4 .000 1) (Figure 26). 

Increased nsk of amputation post ABS was associated with increased age, male sex, and 

diabetes. On the other hand, hypertension was associated with decreased risk (Table 12). 

The 5-year amputation-free survival for patients who underwent PTA was 90.0% f 0.4% 

(Figure 27). Risk of amputation post PTA was higher in males and older patients 

(Table 12). 



4.6.2 Major amputation-free survival 

Major amputation-free survival post ABS was 83.4 % f 0.37% at 5 years (Figure 28). 

The 5-year major amputation-free survival for patients who underwent AIF was 94.0% f 

OS%, as compared to 79.4% + 0.5% for those who underwent OPB (p&.OOO 1) (Figure 

28). 

Male sex, increased age, diabetes, and CAD were associated with increased risk of major 

amputation post ABS, whereas hypertension was linked to decreased risk (Table 13). 

The 5-year major amputation-free survival for patients who underwent PTA was 92.2% + 
0.34% (Figure 29). Increased risk of major amputation post PTA was associated with 

increased age and male sex (Table 13). 

4.6.3 Minor amputation-free survival 

Minor amputation-free survival post ABS was 89.8% + 0.3% at 5 years (Figure 30). 

It was significantly better at 5 years for patient who underwent AIF (96.3% + 0.3%) than 

those who underwent OPB (87.4 % + 0.35%; pc0.0001) (Figure 30). 

Male sex, increased age, and diabetes were associated with increased risk of minor 

amputation post ABS, whereas hypertension was lin ked to decreased risk (Table 14). 

Minor amputation-free survival post PTA was 96.2% + 0.23% at 5 years (Figure 31). 

Risk of minor amputation post PTA was higher in males and in older patients (Table 14). 



Table 3: Characteristics of  patients who underwent revasculmization procedures of the lower extremity 
secondary to peripheral occlusive disease, in Ontario. for fiscal years 1991 to 1998. 

ABS AlF OPB PTA' ABS & PTA' 
(com bined) 

Number of procedures 19,332 4,380 14,952 16,344 33.1 71 
Number of patients 15,824 4,053 12,072 1 1,548 25.1 92 
Age rnean (+/- SD) 66.3(11.9) 61.8(10.3) 67.7(11.9) 65.6(1 O. 1 ) 65.9(11.3) 
Sex (O/O FM) 37.6/62.4 42/58 36.1 /63.9 40.2E9.8 38-9/61 .1 
Diabetes (%) 4447(28.1) 665(16.4) 3851 (31 -9) 
Hypertension (%) 3497(22.1) 969(23.9) 2607(21.6) - 
CAD' (96) 3766(23.8) 960(23.7) 2885(23.9) - 
Lipid disorder (%) 31 6(2) 1 1 f(2.9) 193(1.6) - 
* For fiscal yezs 1992 to 1998 
+ Coronary artery disease 
ABS: Arterial bypass surgery, AIF: Aorto-lliac -fernorai bypass surgery, OPB: Other peripheral 
bypass surgery, PTA: Percutanous transluminal angioplasty 

Table 4: Characteristics of  patients who underwent amputation of  the lower extremity secondary to 
peripheral occlusive disease. in Ontario. for fiscal years 199 1 to 1998. 

Amputation Major Minor Above knee Below knee Ankle 
amputation amputation amputation amputation amputation 

Number of procedures 17534 1 0844 6690 4771 5921 152 

Number of patients 12968 9034 5580 4408 5423 146 

Age rnean (+/- SD) 71 (1 1 . l )  72.1 (1 0.9) 68.8(10.9) 73.9(10.7) 70.4(10.7) 67.3(11) 

Sex (% FM) 38.9/61.1 38.4/61.6 37.6/62.4 42Z57.8 35.2B4.8 30.1 /69.9 

Diabetes ( O h )  7302(56.3) 4953(54.8) 3655(65.5) 1 932(43.8) 3465(63.9) lOO(68.4) 

Hypertension (%) 2328(17.9) 1779(19.7) 993(17.8) 853(19.4) 1 169(21.6) 32(21.9) 

CAD (%) 3095(23.9) 251 5(27.8) 1 152(20-7) 1303(29.6) 1 SOg(27.8) 41 (28.1 ) 

Lipid disorder (Oh) 1 07(0.83) 79(0.87) 57(1) 34(0.8) 59(1. 1 ) 2(1.4) 



Table 5: Validation of the anerial bypass surgery and amputation procedures codes 

Arterial bypass Amputation Total 
surgery 

Number of the Canadian Institute for Health 
Information (CIHI) records obtained 150 

Number of Cüil records matched with 
patients chans 

% matched 91.3 94.7 93.0 

Table 6: Prevalence of risk factors as abstracted from the matched patients' charts 

Risk factors Arterial bypass surgery Amputation 

Diabetes Mellitus (5%) 

Hypertension (%) 

Coronary artery disease (5%) 

Hyperlipidaernia (%) 

Smoking (7%) 

Total 



Table 7: Agreement between matched patients' charts and corresponding CIHI records for 
several CO-rnorbidi ties. 

a) Arterial bypass surgery charts 

Positive Negative 
Sensitivity Specif icity Predictive Predictive Oveiall 

Co-rnorbidities 
(O/.) (%) Value Value 

Accurac y 

(%) (Oh) 
(Oh agreement) 

Oiabetes 56.6 82.1 70 -8 71.1 

Hypertension 52.1 89.1 84.4 62.0 

CAD 42.4 94.9 86.2 68.5 

Lipid disorders 20.0 1 00 100 91.2 

b) Amputation charts 

Co-morbidities Sensitivity Specificity Predictive 
(O/.) (%) Value 

~redictive 
Value ta/ Accuracy 

Diabetes 86.7 94.2 96.3 80.3 89.4 

Hypertension 50.8 91.8 80.6 73.6 75.4 

CAD 28.6 94.2 76.2 66.9 68.3 

Lipid disorders 20.0 100 1 O0 94.3 94.4 

Sensitivity = TP X 100% / (TP+FN), Specificity = TN X 100% / (TN+FP) 
Positive Predictive Value = TP X 100% / (TP+FP), Negative Predictive Value = TN X 100°h 1 (TN+FN) 
Overall Accuracy = (TP+TN) X 100% / (TP+TN+FP+FN) 
TP= true positive results, TN= true negative results, FP= fatse positive results, FN= false negative results 



Table 8: Average age-adjusted rates and rate ratios of interventional procedures for 
peripheral occlusive arterial disease in Ontario, for fiscal years 199 1 to 1998 (rates per 
10 ,000  aged 45 years and clder) 

Rates Ratio 
Age and sex Age-adjusted Ap-adjusted (men vs 

95% 
Procedure Confidence adjusted rate rate for men rate for women women) Interval 

ABS 

AIF 

OPB 

ABS & PTA. 
(combined) 

Amputation 

Major 
amputation 

Minor 
Amputation 

AKA 

BKA 

* For fiscal years 1992 to 1998 
ABS: Arterial bypass surgery, NF: Aorto-iliac-femoral bypass. OPB: Other peripheral bypass 
PTA: Percutanous transluminal angiopiasty. AKA: Above-knee amputation, BKA: Below-knee amputation 



Table 9: Linear trends estimates for changes in the rates of peripheral occlusive menal disease 
interventional procedures, in Ontario, for fiscal years 1991 to 1998. as determined using lerist square linear 
regression. 

a) Age and sex adjusted rates fper 100.000 population aged 45 years and older) 

Procedure Linear trend Standard Error p value iî-square 
Est imate* 

Arterial b ypass surgery -2.35 0.30 0.0002 0.91 
Aorto-iliac femoral bypass -1.10 0.1 5 0.0003 0.9 1 
Other peripheral bypass -1 -25 0.20 0.0007 0.87 
Percutanous transluminal angioplastf 2.84 0.35 0.0005 0.93 
Bypass surgery and angioplasty (combined) ' 0.52 0.45 0.30 0.2 1 
Amputation -0.91 0.28 0.02 0.63 
Major amputation -0.45 0.1 8 0.05 0.52 
Minor amputation -0.46 0.20 0.06 0.47 
Above- knee amputation -0.39 0.1 5 0.04 0.52 
Gelow-knee amputation 0.005 0.17 0.98 0.000 

b) Age adjusted rates for wornen (per 10,000 women aged 45 years and older) 

Procedure Linear trend Standard Error p value R-square 
Estimate* 

Arterial bypass surgery -1.33 0.32 0.006 0.74 
Aorto-iliac femoral bypass -0.94 0.13 0.0003 0.90 
Other peripheral bypass -0.39 0.24 0.1 6 0.30 
Percutanous transluminal angioplasv 2.19 0.34 0.001 0.89 
Bypass surgery and angioplasty (combined) ' 0.98 0.26 0.01 0.74 
Amputation -1 .14 0.35 0.02 0.64 
Major amputation -0.34 0.20 0.14 0.32 
Minor amputation -0.80 0.23 0.02 0.66 
Above-knee amputation -0.22 0.20 0.32 0.1 6 
Below-knee amputation -0.09 0.20 0.64 0.04 

C) Age adjusted rates for men (per 100,000 men aged 45 yens  and older) 

Procedure Linear trend Standard Error p value R-square 
Estimate' 

Arteriaf bypass surgery -3.50 0.50 0.0004 0.89 
Aorto-iliac femoral bypass -1.28 0.1 8 0.0004 0.89 
Other peripheral bypass -2.23 0.37 0.001 0.86 
Percutanous transluminal angioplastf 3.60 0.54 0.001 0.90 
Bypass surgery and angioplasty (combined) ' -0.01 0.78 0.99 0.00 
Amputation -0.65 0.47 0.21 0.25 
Major amputation -0.58 0.24 0.05 0.49 
Minor amputation -0.07 0.34 0.84 0.01 
Above-knw amputation -0.59 0.25 0.05 0.48 
Below-knee amputation 0.12 0.22 0.61 0.05 

* Change in the rate per 100.000 per year 
k For fiscal years 1992 to 1998 



Table 10: Linear trends estimates for changes in the age-specific rates of peripheral occlusive arterial 
disease interventional procedures. in Ontario. for tiscat years 199 1 to 1998, as determined using least 
square linear regression. 

a) Arterial bypass surgery and angioplasty age-specific rates (per 100,000) 

Age group (years) tinear trend Estimate* Standard Error p value R-square 
45-54 -0.41 0.55 0.49 0.1 0 

b) Arterial bypass surgery age-specific rates (per 100,000) 

Age group (years) Linear trend Estimate* Standard Error p value R-square 
45-54 -1.37 0.24 0.001 0.84 

C) Aorto-iliac fernoral bypass age-specific rates (per 100,000) 

Age group (years) Linear trend Estimate' Standard Error p value R-square 
45-54 -0.73 0.14 0.002 0.81 

d) Other peripheral bypass age-specific rates (per 100,000) 

Age group (years) Linear trend Estimate' StandardErroi p value R-square 
45-54 -0.64 0.16 0.007 0.73 

-- 

e) Percutanous transluminal angioplasv age-specific rates (per 100,000) 

Age group (years) Linear trend Estirnate* Standard Error p value R-square 
45-54 0.70 0.29 0.06 0.55 



f) Amputation age-specif ic rates (per 1 00,000) 

Age group (years) Linear trend Estimate- Standard Error p value R-square 

g) Major amputation age-specific rates (per 100,000) 

Age group (years) Linear trend Estimate' Standard Error p value R-square 
45-54 -0.1 O 0.1 1 0.39 0.26 

h) Above-knee amputation age-specific rates (per 100,000) 

Age group (years) Linear trend Estimate* Standard Error p value R-square 
45-54 -0.05 0.05 0.41 0.1 1 

i) Below-knee amputation age-specific rates (per 100,000) 

Age group (years) Linear trend Estimate' Standard Error p value R-square 
45-54 -0.01 0.07 0.86 0.01 
55-64 0.16 0.1 9 0.42 0.1 1 
65-74 0.24 0.52 0.66 0.03 
75-84 -0.1 2 0.40 0.78 0.01 
>=85 -1 -68 0.90 0.1 1 0.37 

j) Minor amputation age-specific rates (per 100,000) 

Age grwp (y-@ Linear trend Estimate* Standard Error p value R-square 
45-54 -0.19 0.1 2 0.1 7 0.29 

* Change in the rate per 100,000 per year 
+ For fiscal years 1992 to 1998 



Table 1 1 : Risk factors for death p s t  revascularization procedures for peripheral 
occlusive arterial disease, as determi ned using a Cox proportional hazard mode1 

a) Post artenal bypass surgery 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1 .O54 1 .O51 -1 -057 < 0.0001 
male sex 1.26 1.1 9-1.33 < 0.0001 
Hypertension 
Coronary artery disease 
Diabetes 1.68 1.59-1.78 < 0.0001 

b) Post aorto-i liac-femoral bypass surgery 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1 .O66 1.059-1 .O74 < 0.0001 
male sex 1.21 1 -06-1 -39 0.0052 
Hypertension 0.92 0.79-1 .O8 0.3006 
Coronary artery disease 1.52 1.32-1.74 c 0.0001 
Diabetes 1 -56 1.33-1.83 < 0.0001 

c )  Post other peripheral bypass surgery 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1 .O48 1.045-1 .O51 c 0.0001 
male sex 1 -24 1.1 7-1.33 c 0.0001 
Hypertension 0.91 0.84-0.98 0.01 1 
Coronary artery disease 1 -50 1.41 -1.61 c 0.0001 
Diabetes 1.63 1 53-1 -73 c 0.0001 

d) Post percutanous transluminal angioplasty 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1 .O57 1.052-1 .O61 < 0.0001 
male sex 1.25 1.16-1.36 c 0.0001 



Table f 2: Risk factors associated with amputation p s t  revascularization procedures for 
peripheral occlusive arterial disease, as determined using a Cox proportionai hazard 
mode1 

a) Post arterial bypass surgery 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1 .O33 1.029-1 .O37 c 0.0001 
male sex 1.28 1.1 8-1 -38 < 0.0001 
Hypertension 0.82 0.75-0.89 < 0.0001 
Coronary artery disease 1 .O8 0.99-1 -1 7 0.08 
Diabetes 3.20 2.98-3.45 < 0.0001 

b) Post aorto-iliac-femoral bypass surgery 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1 .O28 1.01 5-1 .O40 < 0.0001 - .  

male sex 1 -47 1.15-1.88 0.002 
Hypertension 0.82 0.62-1 .O8 O. 1 540 
Coronary artery disease 0.98 0.75-1.28 0.8853 
Diabetes 2.81 2.1 8-3.60 < 0.0001 

C) Post other peripheral bypass surgery 

Risk factor Risk Ratio 95% Confidence P value 
lnterval 

Age (per each year of age) 1.025 1 .O21 -1 .O29 < 0.0001 
male sex 1.22 1.1 2-1.32 < 0.0001 
Hypertension 0.84 0.77-0.92 0.0003 
Coronary artery disease 1.12 1.03-1 -22 0.0083 
Diabetes 2.91 2.69-3.14 c 0.0001 

d) Post percutanous transluminal angioplasty 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1 .O32 1.024-1 .O39 c 0.0001 
mafe sex 1.41 1.22-1.63 c 0.0001 



Table 13: Risk factors associated with major amputation post revascularization 
procedures for peripheral occlusive artenal disease, as determined using a Cox 
proportional hazard mode! 

a) Post arterial bypass surgery 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1 .O30 1.026-1 .O35 < 0.0001 
male sex 1 -22 1.1 2-1 -34 < 0.OOo~ 
Hypertension 0.84 0.75-0.93 0.0007 
Coronary artery disease 1.14 1.04-1.26 0.0208 
Diabetes 2.50 2.28-2.73 c 0.0001 

b) Post aorto-i liac-femoral bypass surgery 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

-- 

Age (per each year of age) 1 .O24 1 .mg-1 .O40 0.001 7 
male sex 1 -65 1.21 -2.24 0.0014 
Hypertension 0.90 0.64-1.26 0.5373 
Coronary artery disease 0.99 0.72-1.39 0.981 3 
Diabetes 2.46 1 -80-3.36 < 0.0001 

C) Post other peripheral bypass surgery 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1 .O21 1 .O1 7- 1 .O26 < 0.0001 
male sex 1.14 1 -03-1.25 0.0082 
Hypertension 0.86 0.76-0.96 0.0071 
Coronary artery disease 1.20 1.08-1.33 0.0005 
Diabetes 2.23 2.03-2.44 c 0.0001 

d) Post percutanous transluminal angioplasty 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1 .O35 1.027-1 .O44 c 0.0001 
male sex 1.44 1.22-1.70 < 0.0001 



Table 14: Risk factors associated with minor amputation p s t  revascularization 
procedures for peripheral occlusive arterial disease, as determined using a Cox 
proportional hazard mode1 

a) Post arterial bypass surgery 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1 .O28 1.028-1 .O34 c 0.0001 
male sex 1.37 1.22-1.54 < 0.0001 
Hypertension 0.79 0.70-0.90 0.0004 
Coronary artery disease 0.98 0.87-1 -1 1 0.7437 
Diabetes 4.93 4.42-5.51 c 0.0001 

b) Post aorto-iliac-femoral bypass surgery 
. - 

Risk factor Risk Ratio 95% Confidence p value 
Interval 

Age (per each year of age) 1 .O4 1 .O1 9-1 .O56 < 0.0001 
male sex 1.37 0.96-1.95 0.0856 
Hypertension 0.72 0.48-1 .O9 O. 1222 
Coronary artery disease 0.93 0.63-1.38 0.7324 
Diabetes 3.69 2.60-5.24 c 0.0001 

c )  Post other peripheral bypass surgery 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1.021 1 .O1 6-1 .O27 < 0.0001 
male sex 1.33 1.18-1.50 < 0.0001 
Hypertension 0.82 0.72-0.94 0.0048 
Coronary artery disease 1 .O1 0.89-1.14 0.9283 
Diabetes 4.56 4.06-5.12 < 0.0001 

c )  Post percutanous transluminal angioplasty 

Risk factor Risk Ratio 95% Confidence p value 
lnterval 

Age (per each year of age) 1 .O26 1 .O1 4-1.037 < 0.0001 
male sex 1.61 1.27-2.03 < 0.0001 



Figure 1: Flow chart to identiQ eligible records for analysis from the Canadian Institute for Health 
Information for amputation procedures in Ontario, fiom Apri 1. 199 L to Mach  3 1,1999. 
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Figure 2: Flow chrut to identify eligible records for analysis from the Canadian Institute for Health 
Information for arterial bypass surgery (ABS) procedures in Ontario, from Apri 1. 199 1 to March 3 1,1999. 
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F g u r e  3: Flow chart to identiw eligible records for analysis from the Ontario Health Insurance Plan 
database for percutanous uansluminal angioplasty (PTA) procedures in Ontario, from April, 1992 to 
March 3 1.1999. 

I 17. 879 records with PTA procedure 
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Figure 4: Trends in byp8.r 8urg.y and angiopluty combinod rates (pw 100,000 .duits aged 45 and - 
older) in ontario, for fi.t.1 pars 1992-1998, by yorr md .ex 

1-443 and sex adjusted rate I 

' +Age-adjusted rate in female 

Year 

Figure 5: Trends in artmial bypau  surgsry ratus (per 100,000 adults a@ 45 and oldfw) in 
Ontario, for fiscal p a n  1991 -1 998, by year and rex  
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Figure 6: Tmnds in aorto-iliac-fsmonl bypasr surgery ritsr (per 100,000 adults agsd 45 and 
oldsr) in Ontario, for fiscal pars 1991-1998, by year and rsx 

\ - C ~ g e  and sex adjusted rate 1 
j + ~ ~ e  adjusted rate in fernak 
I - c A ~ ~  adjusted rate in mak 

F inum 7: Tmndr in othor pariphoral bypru rurgory m t n  ( p r  100,000 .duits rgod 45 and 0ld.r) in - 
o~t.&, for fiwl y . 8 ~  -1991 -1998, by par and 8ax 

I 

/ - ~ ~ e  and sex adjusted rate 1 
1 1 
j +Age adjusted rate in female . 
! + ~ ~ e  adjusted rate in maie 1 



Figum 8: Trends in percutanous tmnsluminal angiopisty rat88 (pet 100,000 adulb a w  45 and 
older) in Ontario, for fiscal vars 1992-1998, by v a r  and sex 
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Figure 9: Trendi in amputation rates (per 100,000 aâulb @ 45 and ddsr) in Ontario, for 
fiscal yuam 1991-1998, by yur and %ex 

100 

1-4e and sex adjusted rate ' 
I-Age aâjdjusted rate in fernak / 
i -C~gsadjustedmte in male 1 

Year 

Figura 10: Tmnds in major amputition rates (per 100,000 adulîs aged 45 and older) in Onbrio, 
for fiscal pars 1991-1998, by year and rex  

I-Age and se% adjusted rate 1 
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Figure 11: Trends in minor arnputbtion rates (per 100,000 adults aged 45 and ddsr) in Ontario, 
for fiscal years 1991-1998, by yePr and %ex 

O l 
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Year 
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Figure 12: Trends in below-km amputation rates (per 100.000 adulîs aged 45 and olôer) in 
Ontario, for fiscal years 1991-1998, by year and sex 

35 

O l 
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A g e  adjusted rate in female 
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Figure 13: Trends in above-knm amputation nteu (per 100.000 adults aged 45 and older) in 
Ontario. for fiscal years 1991-1998. by year and rex  
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Figure 14 : Avange annurl rata of arterirl byprss 8urg.y and angiophsty combinod (por 100,000 
a d u k  rgod 45 mars and 0ld.r) in Ontario, for fiacal pan 1992-lSW. by rge gmup and u x  
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Figure 15: Average annual rate of arterial bypass surgery (per 100,000 adults aged 45 years 
and older) in Ontario, for fiscal yearr 1991-1998, by ags group and rex  
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Figure 16: Avergau annual rate of aorto-iliac-temoral bypau surgery (per 100,000 adulîs a m  
45 yeam and older) in Ontario, for fiscal yean 1991-1998, by age group and MX 

O J  
45-54 55-64 65-74 75-84 >=85 
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Figure 17: Averge annual rate of other periphefal bypass surgery (per 100,WO adults aged 4!5 
ysam and older) in Ontario, for fiscal ysam 1991-1998, by age group and sex 
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Figum 18: Avsrgae annwl rata of percutanous transluminal angioplasty (per 100,000 adults 
aged 45 years and oldor) in Ontario, for fiscal yean 1992-1998, by age group and sex 
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Figure 20: Average annual rate of major amputation (par 100,000 adulb a g d  45 years and 
older) in Ontario, for fiscal years 1991-1998, by age group and s8x 

Figure 19: Average annoal rate of amputation (per 100,000 adults a g d  45 yearr and older) in 
Ontario, for fiscal yearr 1991-1998, by age group and sex 
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Figum 21: Average rnnual rate of bolow-knoe amputation (per 100.000 adults aged 45 p a n  
and older) in Ontario, for fiscal years 1991-1996, by rge group and s e x  

90 

Age Group 

Figum 22: Average annual tate of above-knee amputation (pet 100,000 adults aged 45 mars 
and older) in Ontano, for fiscal yearr 1991-1998. by age gmup and &x 
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Figure 23: Average annual rate of minor amputation (per 100,000 adulL. aged 4â yeam and 
older) in Ontario, for fiscal yeam 1991-1998. by aga gmup and %ex 

80 

O !  
45-54 55-64 65-74 75-84 >=85 

Age ûroup 



.NF= Aorto-iliac Fernorai bypass, A 8 5  Aerterid bypass surgery. ûPû= Uher peripherai bypass 
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CHAPTER 5 

DISCUSSION 

The objectives of this chspter are to: 

1. Discuss the use of intementional prcmdures; 

2. Discuss the outcomes of revascularization procedures; 

3. List the major limitations of this study; 

4. State the clinical implications of this study: 

5.0utline directions for future reseach. 

5.1 Utilization of interventional procedures 

Male gender has been assoçiated wi th higher utilization of interventional procedures for 

POAD. 23.LJ.'4'8'53 Similarly. in this study men were found to undergo al1 types of 

interventional procedures for POAD more frequentl y than women. This can be explai ned 

by the higher prevalence of POAD in men than in women. '2".'5.46 

The utilization rates of interventional procedures increase with age. The average annual 

rates showed that the use of angioplasty peaked between the age of 65 to 74 years; 

artenal bypass surgery peaked at 75 to 84 years of age, and amputation peaked at 85 

years of age and older. Similar findings have been shown by Tunis et al. I s3  This finding 

may be explained by the age-related progression of POAD? Younger patients are more 

likely to have milder forms of POAD that may require only FTA and older patients may 

have more severe forms of the disease. which require bypass surgery andor amputation. 



The overall rate of arterial bypass surgery for POAD in Ontario decreased during the 

study period, continuing the trend reported earlier.'" This pattern could represent a 

change in either the incidence of POAD or the practice of surgery or perhaps, a 

combination of both. Although no data are available on the incidence of POAD in 

Canada, it is unlikely that a reduction in the incidence of POAD can explain the reduction 

in the ABS rate. This finding may be explained in part by the fact that Ontario's vascular 

surgeons becarne more conservative when patients presented with a localized disease and 

they reserved surgical intervention for patients with more severe forms of the disease. 

This explanation is supported by the increased rate of angioplasty while the overall rate 

of revascularization procedures (the combination of bypass surgery and angioplasty) was 

stable over the same period of time, this finding might indicate a 'substitution effect' of 

angioplasty for bypass surgery. 

The overall major amputation rate fell slightly over the study penod. This was most 

likely driven by the decreased rate in patients aged 85 years and older. This reduction 

may be explained by the increased rate of arterial bypass surgery in these patients, which 

may have led to a reduction in the secondary amputation rate. 

The below-knee amputation rate did not change over the study penod. However, the 

above-knee amputation rate has fallen slightly. 

Although rnany population-based studies from the United States, Europe and Australia 

exarnined the rates of i nterven tional procedures '6~19920122-2'~154 , comparison of our rates 

with their rates is not possible. This is because they included the population younger than 

45 years of age in their analysis and therefore in the denominator for rates calculation. 

This may be not appropnate since POAD interventional procedures are unlikely to be 



performed in persons less than 45 years of age.14' Furthemore, including the population 

less than 45 yean of age can lead to underestimation of the rates. 

Other studies have exarnined the temporal trends in rates of the POAD interventional 

procedures ( ~ ~ b l ~  15). l 6 . I 9 . ~ O . ~ - Z 4 . l - l l  ,l.%.l55 

Unli ke other countries, Ontario's bypass surgery rate continues to faIl staizing from the 

1980s. as has been shown by Sirnunovic et al,14' until the late 1990s. as shown by this 

study. On the other hand, the rate of PTA dunng the same period is increasing in Ontario 

as in other countnes. The major amputation rate decreased slightly in Ontario, as well as 

in other studied areas, 19.22-24 but in the same period it did not change in Maryland nor in 

'O. 154 the United Kingdom.- Furthemore, the major amputation rate increased in the United 

States Medicare p~pulat ion. '~~ These variations may be explained by: (1) the variations in 

the surgical practice between counuies, (2) the severity of the underlying disease for the 

patients being treated, (3) the variations in the population studied. For example, in the 

Dartmouth atlas only the 65 years and older Medicare beneficiaries were studied, (4) 

most of the studies were conducted in the 1980s, while this study was conducted in the 

1990s. Vascular surgeons may have become more familiar with the role of PTA and 

precise indications of surgery, (5) variations in the incidence and prevalence of POAD 

between countries, (6) the supply of health care resources, and (7) patient preference. 



5.2 Outcornes of revascularization procedures 

5.2.1 Survival rates p s t  revascularization procedures 

The overall5-year survival rate for the patients who underwent arterial bypass surgery 

was 6 1.5%- as compared to 69% for those who underwent PTA. The higher survival rate 

in ETA group may be atuibuted to the higher proportion of patients with intermittent 

claudication as compared to the surgery group. A study by Dormandy et al45 showed a 

70% 5-year survival rate for patients with IC. While other studies have reported a 38% to 

48% 5-year survival rate for patients with C U  who were treated ~ ~ e r a t i v e l ~ . ~  However, 

due to the absence of the clinical indications (IC vs CLI) for the intervention in the 

databases (see below), cornparison between the survival rates for these procedures with 

previously published reports is difficult. 

Furthermore, when arterial bypass surgery was subdivided to the two procedures codes, 

CCP code- 5 1.25 (AIF) which includes aortofemoral, aortoiliac, aortopopliteal and 

iliofemoral, and CCP code-5 1-25 (OPB) which includes distal bypass surgery and extra- 

anatornic bypass. The 5-year survival rate for patients who underwent AIF was 75%, 

while it was 57% for those who underwent OPB. Again due to the lack of procedure 

specificity (see below) comparisons with other reported rates are not straightforward and 

are difficult. However, we think that most of the procedures under the CCP code-5 1.25 

are aortofemoral surgery and most of the procedures under the CCP code-5 1.29 are distal 

bypasses. The 5-year survival rate post AIF fell in the range of the reported 5-year 

survival rate pst-aortobifemoral bypass, ranging from 68% to 80%. 63.89.91.92 O, the 

hand, the 5-year survival rate p s t  OPB fell in the range of the reported 5-year survival 

rate pst-infrainguinal arterial reconstruction bypass, ranging from 38% to 59%. 116-1 18 



4s '56-'58 
47.157 male sex, coronary artery d i s e a ~ e , ~ ' . ' ~ ~ ~ ' ~ ~  diabetes. 55.57.63.77.92.159 and 

have al1 k e n  reported as predictors for increased mortali ty for patients 

with POAD. In this study, multivarîate models were used to account for these risk factors 

simultanec .sly in predicting death post revascularization procedures. Similar findings 

were found in this study. Age, male sex, diabetes and coronary artery disease were 

associated with an increased risk of death post revascuiarization procedures. However, 

hypertension was associated with decreased nsk. It is possible that hypertension showed 

this effect because it is under-reported in the database. 

5.2.2 Amputation-free sumival rates post revascularization procedures 

The 5-year major amputation-free survival rate for the patients who underwent arterial 

bypass surgery was 83.4%, as compared to 92.2% for those who underwent PTA. 

Similarly the 5-year minor amputation-free survival was higher for the patients who 

underwent bypass surgery (90%) than those who underwent PTA (96%). This may be 

explained by the fact that R A  procedures mostly were done for patients with intermittent 

claudication, while bypass surgeries mostly were done for patients with critical ischemia. 

When bypass surgery was subdivided to AIF and OPB groups, the 5-year major and 

minor amputation-free survival rates for the patients who underwent AIF were 94% and 

96%, as compared to 79% and 87% for those who underwent OPB. These findings can be 

explained by the fact that AIF were done for aortoiliac occlusive disease, while most of 

the procedures under OPB were done for infrainguinal occlusive disease. 

The only population-based study examining amputation-frce survival rate post 

revascularization procedures was by Hallett et a1.13 This group studied the suwival-free 



estimates for major amputation in 271 non-diabetic patients and 172 diabetic patients 

who underwent revascularization procedures for POAD. The estimates at 5-year were 

95% and 87% for non-diabetic and diabetic, respectively. This study has many limitations 

including; the small sample size, its small geographical area which may have led to a 

selection bias for the population studied, and failure to differentiate between the patients 

who underwent bypass surgery (including aortoiliac and infrainguinal) and those who 

underwent PTA. 

15.45 
Age, male sex 15" and diabetes 5-9"8.52s3 are associated with increased risk for the 

development and local progression of POAD. Although hypertension is associated with 

increased nsk for the development of POAD, 5'8v12.37~48.49 its role in the progression of the 

di sease is not well established." Furthemore, age and diabetes are well-documented 

factors for the increased risk of amputation in the patients with PO AD.^^^^^'^^^'^' In this 

study, the role of these risk factors on amputation rates post revascularization procedures 

was examined in multivariate statistical models. In al1 models, age, male sex and diabetes 

were associated with an increased risk of amputation. In some models CAD was 

associated with an increased risk of amputation. On the other hand, al1 models showed 

that hypertension was associated with decreased nsk of amputation. It is possible that 

hypertension shows this effect because it is under-reported in the database. However, 

histoncally, plasma volume expansion has k e n  used for patients with CL1 to increase 

blood pressure, thereby improving distal blood flow.16' Maintaining an adequate blood 

pressure is important for limb perfusion and aggressive blood pressure treatment may 

decrease limb perfusion and thus worsening ischemic pain.'5 Therefore, this association 

between hypertension and decreased risk of amputation may be true. 



5.3 Limitations 

This population-based study has several strengths that include: 1) the coverage of the full 

range of the interventional procedures for POAD in Ontario over the past decade, 2) the 

Ontario's health care dntabases used in this study are not affected by the serious 

selections bias charactenstics of the Medicare and Medicaid databases 163.161 ,.ince 

Canadians access to care is universal and does not change over time'", and 3) the 

confidentiality of patients are preserved. However, it also has some limitations. In this 

section, several important limitations of this study will be discussed. 

The service codes used in the OHIP database have not kept Pace with the developments 

in medical technologies and interventions, so one is limited to the degree to which certain 

procedures can be specified. For example, service code 5025, which was used to identify 

cases of PTA, is not specific for lower-extremity angioplasty, but was also used for renal 

angioplasty until 1994 and is still in use for upper extremity and carotid PTA. Although, 

an effort was made to decrease the number of renal and carotid angioplasty cases by 

excluding the records with diagnosis codes indicating diseases other than POAD, only 73 

records out of 17,879 were excluded. This is because most physicians do not record the 

diagnosis on the claims statement since in most cases a diagnosis is not required for 

payment.la However. an expert opinion was that most of the cases included are for 

POAD (based on personal communication with Dr. Stuart Bell, Radiology department at 

Sunnybrook Hospital, where potentially more than 85% of the cases with this code were 

done for POAD). Another limitation of the OHIP database is the absence of information 

about the level of PTA, whether aortoiliac or distal PTA. Also, OHIP records do not 



provide a clinical indication for the procedure (e.g. whether it was performed for 

intermittent claudication or critical ischemia. Another limitation is the absence of any co- 

morbidi ty recording. 

Similarl y, the CCP codes 5 1.25 and 5 1.29 lack procedure specification since the former is 

used to code aortofemoral, aortoiliac, aortopopliteal and iliofemoral together, while the 

latter is used for coding both distal and extra-anatomic bypass surgery for POAD. 

Furthermore, the clinical indications for these procedures (TC vs CLI) are not recorded in 

the CMI databse. These combined, make comparison with other clinical studies difficult, 

since each procedure has its own indications and natural history. 

Other limitations relate to the accuracy of the databases used. Although the percentage of 

matched CIHI records with patients charts for bypass surgery and amputation procedure 

codes is high (93%), the validation was onIy performed in a single teaching hospital in 

Toronto, which rnay not represent the whole province. Even though the level of 

agreement for comorbid conditions recording in the CM1 matched records was higher 

than what has ken  reported.14* it is still low. Given that the comorbidity conditions were 

underrecorded, this might have affected the multivariate adjustment for survival and 

amputation-free survival rates. Furthermore. the level of agreement for FTA coding 

between OHIP database records and the actual physicians claims records was not 

assessed. 

Other limitation relates to the accuracy of recording nsk factors in the patients' charts. 

Although the prevalence of diabetes, hypertension and CAD are consistent with 

published estimates, 106.165-167 the prevalence of smoking and hyperlipidemia are lower 

than that reported in other s t ~ d i e s . ~ * ~ ' " * ' ~ ~ ~ ' ~ ~  This may affect the assumption for 



considenng the patient's charts as the gold standard for which the database should be 

compared. 

Other limitations relate to the estimation of survival and amputation-free survival rates 

post revascularization procedures. First, both C W  and OHIP databases lack specification 

on which limb the procedure has k e n  done. Therefore, there might be an under- 

estimation of the amputation-free survival rates if the revascularization procedure was 

done on one limb and the subsequent amputation was done on the other limb at a later 

date. Second, the information to estimate the survival and amputation-free survival rates 

was obtained from Ontario databases. Therefore, there is a potential for over estimating 

the survival and amputation-free survival rates if some of the patients who underwent 

revascularization procedure had an amputation or died outside Ontario. However, less 

than 1% of Ontario's population emigrate from Ontario per year and most of these 

individuals are younger people.'48 Another limitation is related to the definition used for 

the index procedure. Some of the revascularization procedure cases may be considered as 

the first procedure for a patient, when it was not. A patient may have had a procedure in 

Ontario before the start of the study. Furthemore, procedures that were done outside 

Ontario before the start of the study or during the study period are not captured by CM1 

or OHIP. This may result in under-estimating the amputation-free survival rate. 

Another limitation relates to the risk adjustment for survival and amputation-free survival 

rates. Smoking is an important risk factor for the development and the progression for 

POAD. However, CIHI and OHIP do not record smoking status of the patient. Therefore, 



the survival rates and amputation-free survival rates were not adjusted for this important 

risk factor in the multivariate models used. 

Another limitation relates to the utilization rates estimate. The rates of procedures were 

estimated at the population level rather than the patient level, and they thereforc may 

reflect multiple procedures for the same patient. Furthexmore, attributing the changes in 

the rates of interventional procedures over the study period to the surgical practice pattern 

of vascular surgeons may be biased. This is because the incidence and prevelance of the 

underlying disease are not known. 

Another limitation relates to the amputation rates. Since we cannot obtain a full history 

on the patients who underwent amputation, whether the amputation was proceeded by 

another amputation, before the start of the study period. We were unable to differentiate 

between primary and secondary amputations. 



5.4 Clinical Implications 

This study provides a comparative global picture of vascular surgery practice in Ontario 

over the past decade. Utilization of interventional procedures was more cornmon in men 

and older age groups. The overall trend for bypass surgery decreased while the rate of 

angioplasty increased over the study period. This may suggest a 'substitution effect' of 

angioplasty for bypass surgery in patients with limited POAD. However. definite 

conclusions about the role of angioplasty in the treatment of POAD cannot be drawn 

from this study, since the clinical indications for these procedures are absent from the 

databases. Furthemore, we do not know if the patients who undenuent angioplasty 

benefit from the procedure and do not require funher intervention especially in the form 

of bypass surgery. This problem may be solved partially by estimating the bypass surgery 

free-survival rate post angioplasty and detemining the factors affecting the outcorne. 

However, due to the limitations of the databases (e-g, the absence of clinical indication 

and risk factors in the OHIP database), the role of angtoplasty in the treatment of POAD 

can only be answered by clinical trials. 

This study has also documented the relatively low long-term survival rates associated 

with revascularization procedures at a population level. 

Amputation-free sumival rate post revascularization can be used to describe the clinical 

course post-revascularization. In addition, it provides more clinicall y accepted estimates 

of the long- term outcome of revascularization procedures at the population-level, since 

this outcome may be of great interest to patients undergoing revascularization procedures 

for POAD. Physicians could use the survival and amputation-free survival rates and 



factors influencing them to explain to patients the long-term outcomes of 

revascularization procedures. 

5.5 Future Research 

The findings of this study provided some initial parameters for investigating the impact 

of revascularization procedures on amputation rates. This could be achieved by repeating 

a similarly designed study in Ontario over the next decade and then comparing the 

outcomes for these two penods of time. 

The outcomes of revascularization procedures in the form of survival and amputation- 

free survival rates may be used by researchers from individual vascular centers to 

compare their outcomes with the province as a whole. 

Giving the limitations of the databases that were used in this study, a province wide 

vascular registry is needed. In this registry, important limitations of these databases could 

be eliminated. This could be achieved by including; the indication for the intervention (IC 

vs CLI), the exact procedure perfomed (not lumping al1 procedures under one code), 

indicating which limb the procedure was performed for, a detailed history of al1 previous 

vascular interventions (e-g. amputation), and recording ail risk factors including smoking. 

This registry should be linked with the RPDB database to update the monality status for 

al1 patients. 

Further studies are needed to examine the accuracy for recording the POAD 

interventional procedures in the CIHI database from several hospitals with larger number 

of records. Furthemore, the level of agreement between the OHIP database and actual 

physicians' claims needs to be studied. 



Finally, the prevalence and incidence of POAD in Ontario should be investigated. 

Because without knowing the incidence, we cannot have firrn conclusions about the right 

rate of utilization of interventional procedures. 



5.6 Final Conclusions 

Our observed procedure rates are consistent with an age-related progression of 

disease and a higher prevalence of disease in men than in women. 

The reduction in the use of bypass surgery and the increased use of angioplasty while 

the overall revascularization rate was stable suggest a "substitution effect" of 

angioplasty for bypass surgery. This is may reflect a change in the practice pattern of 

vascular surgeons in Ontario who became more conservative with patients presented 

with a localized disease and reserve the surgical intervention for patients with more 

severe forms of the disease 

Our observed long-term survival rates post revascularization procedures are 

consistent with the higher mortality rates for patients with POAD. 

Risk of amputation post revascularization increased with age, male sex, and diabetes, 

whi le hypertension was associated with decreased risk. 

Amputation-free survival rates post revascularization for patient with POAD can be 

used as a measure of the population-based effectiveness of these procedures. 

Further research is needed to investigate the impact of vascular surgery on amputation 

rates and to assess the accuracy of the database in recording POAD interventional 

procedures. 



Table 15: Peripheral occlusive arterial disease interventional procedure trends 
cornparison with previously published population-based studies 

Artenal Percutanous 
Study Duration Setting bypass transluminal Major amputation 

surpery angioplasty 

Tunis et ai 199 1 'O 

Sayers et al 1993 '" 

Ebskov et al 1994" 

Pell et al 1994" 

Simunovic et ai 1996''" 

Mattes et al 199719 

Hallett et al 1 9 9 7 ~  

Feinglass et al 199916 

The Dartmouth Atlas 2 0 0 0 ' ~ ~  

Currcnt study 

Maryland. USA 

Leicester. UK 
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Appendix 1 : Validation F o m  

Unique identifier: 

Chart number: 

Date of procedure as recorded in CIHI: 

Procedure coding in CIHI abstract: 
(Circle which procedure was included) 

Bypass Surgery (CCP codes 5 1.25,5 1.29) match with patient chart Yes No 

Amputation (CCP codes 96.1 1-96.15) match with patient chart Yes No 

r Co-morbidities coding: 

CIHi abstract Chart C M  match with chart 

- Diabetes present absent present absent Yes No 
(ICD-9 Code 250) 

- Hypertension present absent present absent Yes No 
(ICD-9 codes 40 1 -405) 

- CAD present absent present absent Yes No 
(ICD-9 codes 4 10-4 14) 

-Hyperlipidaemia present absent present absent Yes No 
(ICD-9 codes 272) 

- Smoking history NA present absent NA 






