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eMethods 1.  Overview of Systematic Assessment of Vascular Risk (SAVR) program 
 

In the early 2000s, there was increasing evidence that peripheral arterial disease (PAD) patients receive 

suboptimal risk reduction therapy especially when compared to the coronary heart disease population. To 

that end the SAVR program was established in 2004 at the Toronto General Hospital in Toronto, Canada 

with three main objectives: 1) to examine the rates of adherence to all 8 guideline-based risk reduction 

therapies in our local PAD population, 2) to deliver educational interventions to PAD patients and their 

family physicians with the aim of improving adherence to guideline-based risk reduction therapy, and 3) to 

determine whether improved adherence to these therapies reduces the rates of major adverse cardiovascular 

and limb events over long-term follow-up. 

 

The program enrolled 459 consecutive patients with symptomatic PAD between 1 July 2004 and 30 April 

2007. The program had 4 main components:  

 

1. Baseline risk assessment in vascular clinic 

2. Interventions for patients 

3. Intervention for family physicians 

4. Ongoing follow-up assessment and formal end-of-program follow-up in vascular clinic 

 

An overview of the program is depicted in the figure below followed by details of each component of the 

program. 
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Overview of the SAVR program  

1. Baseline risk assessment in vascular clinic.  Patients were seen by a vascular surgeon and nurse 

at a vascular clinic. We collected clinical and biochemical data on the following risk factors at the 

visit: age, gender, body mass index, smoking history, blood pressure, lipid profile (low density 

lipoprotein, high density lipoprotein, total cholesterol, triglycerides), diabetic glycemic control 

(HbA1c), and medication usage (antiplatelet agents, anti-hypertensive agents, lipid-lowering 

agents). We also determined PAD-specific characteristics including: PAD symptoms 

(asymptomatic, intermittent claudication or critical limb ischemia), ankle brachial indices, and 

lower extremity interventions for PAD (percutaneous transluminal angioplasty, arterial bypass 

surgery, or amputation). Finally, we assessed patient co-morbidities, including: coronary artery 

disease (defined as a history of angina, percutaneous coronary intervention, or coronary artery 

bypass graft), cerebrovascular disease (defined as a history of stroke or transient ischemic event, 

carotid artery stenting, or carotid endarterectomy), and chronic kidney disease (defined as an 

estimated glomerular filtration rate <60 mL/min or albuminuria with albumin-to-creatinine ratio 

>250 mg/g in women or >355 mg/g in men). A snapshot of the SAVR database that was created 

based on collected data is shown below. 

 

 

 

Snapshot of the SAVR database created based on prospective data collection of SAVR patients 

 

 

2. Interventions for patients.  Patients were formally educated about PAD in general, the risk 

factors for PAD, what their specific cardiovascular risk factors were, and management strategies 

including lifestyle modifications. Written material in the form educational pamphlets and 

individualized letters were delivered to patients to reinforce the information. In addition, specific 

risk reduction therapy was initiated when indicated, including: antiplatelet agents, statins, 

angiotensin converting enzyme (ACE) inhibitors, and referrals to smoking cessation and walking 

programs were made. All recommendations were made according to the American College of 

Cardiology Foundation/American Heart Association (ACCF/AHA) guidelines (see eTable 1). 

 

 

3. Intervention for family physicians 
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Given increasing evidence that physicians often miss the diagnosis of PAD, and the concern that 

the overall knowledge of updated clinical practice guidelines was low, family physicians of SAVR 

patients also received an educational intervention. Letters were delivered to family physicians 

indicating: 1) the newest recommendations for PAD risk management as per the ACCF/AHA 

clinical practice guidelines, 2) explanation of their patients’ specific risk factors, 3) the rationale 

for initiating new risk reduction therapy in their patients, and 4) suggestions for ongoing 

monitoring and management. A snapshot of the letter delivered to family physicians is provided 

below. 

 

 

 
 

 

Sample letter delivered to family physicians indicating patient demographics, risk factors, targets and 

current management  

 

 

4. Ongoing follow-up assessment and formal end-of-program follow-up in vascular clinic 

Follow-up was arranged for ongoing risk assessments with either the patients’ family physicians 

or vascular surgeons, depending on whether the patient needed to continually see a vascular 

surgeon. The frequency of follow-up was left to the discretion of the managing physician. In 

addition, all SAVR patients were formally invited back to the vascular clinic prior to end of the 

program between 1 July 2013 and 30 November 2014 for a complete reassessment of all 8 risk 

factors as described in the baseline assessment. In addition, we determined the causes of death for 

the SAVR patients that had died at the time of follow-up via three sources: provincial death 

registry, hospital charts and family physicians.  
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eMethods 2.  Linked Ontario administrative databases used in the conduct of this study 
 

We used the following databases to conduct this study: the Canadian Institute for Health Information 

Discharge Abstract Database (captures patient demographic and clinical data for all hospital discharges in 

Ontario), the Ontario Health Insurance Plan Claims Database (data from all healthcare provider billing 

claims), the National Ambulatory Care Reporting System (data on day surgery, outpatient clinic visits and 

emergency department visits), the Ontario Drug Benefit database (medication prescription claims data for 

Ontario residents aged 65 years or older), the Institute for Clinical Evaluative Sciences Physicians Database 

(physician demographic and specialty information), and the Registered Persons Database (demographic and 

vital statistics data). 
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eMethods 3.  Details of baseline covariates  

 
Key baseline covariates measured and utilized for matching included: patient age, sex, neighborhood 

income quintile, medical comorbidities up to 5 years prior to the index date, overall comorbidity burden, 

medication prescriptions filled in the year prior to the index date, and health services utilization (numbers 

of hospitalizations and emergency department visits in the past 3 years prior to the index date, and 

outpatient physician visits in the past year prior to the index date). Neighborhood income quintile was 

obtained by linking the patient’s home postal code to Statistics Canada population census data (1). Overall 

comorbidity burden was estimated using the Charlson comorbidity index within 1 year prior to the index 

date (2). Ambulatory care grouping was assessed using the Comprehensive Ambulatory Care Classification 

System within 1 year prior to the index date – this places patient visits into groups that are clinically and 

resource homogeneous, and allows prediction of overall comorbidity burden and healthcare resource 

utilization (3). Baseline medication usage was determined for those aged 66 years or older by evaluating 

the medication prescriptions filled by patients within 1 year prior to the index date using the Ontario Drug 

Benefit database (4). 

 
  



 

© 2016 American Medical Association. All rights reserved. 

eTable 1.  Guideline-based risk-factor management targets for peripheral arterial 
disease  
 

 
 
Abbreviations: PAD = peripheral arterial disease; BMI, body mass index; SBP, systolic blood pressure; LDL, low-density 
lipoprotein; CAD, coronary artery disease; ACE, angiotensin converting enzyme. 
a
Recommendations based on American College of Cardiology Foundation/American Heart Association (ACCF/AHA) 

guidelines for PAD risk management. 

 
 
 

  

PAD Risk Factor Recommendations
a
 

 

BMI <25 kg/m
2
 

Smoking Cessation 

BP control  

All PAD patients  SBP <140 mm Hg 

Diabetics SBP <130 mm Hg 

LDL  

All PAD patients <2.59 mmol/L 

CAD history <1.81 mmol/L 

Medication usage  

Antiplatelets All patients 

Statins All patients 

ACE inhibitors All patients 
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eTable 2.  Diagnosis and procedure codes used to identify control patients with 
peripheral arterial diseasea 
 

Variable ICD-9 ICD- 10 
 

Diagnosis codes   

ASO extremities with gangrene 440.24 I70.2 

ASO extremities with IC 440.21 I70.2 

ASO extremities with ulceration 440.23 I70.2 

ASO extremities, unspecified 440.20 I70.2 

ASO extremities with rest pain 440.22 I70.2 

PVD, unspecified 443.9 I73.9 

Generalized and unspecified ASO 440.9 I7.09 

Procedure codes   

Amputation of toe  CCI: 1WK93  
Records with the following ICD-10 diagnosis codes 
excluded: 
C40, D16, D48.0, D48.1, D48.2, Q65-Q79, S70 – 
S99, T20 – T32 

Angiography, extremity, bilateral, 
radiological 

 CCI: 3KG10 + variable code: BL (bilateral legs) 

MRA lower extremity with or without 
contrast 

 CCI: 3KG40  

Angiography, extremity, unilateral, 
radiological 

 CCI: 3KG10 + variable code: LL (left leg), or RL 
(right leg)  

CT angiogram- abdominal aorta and lower 
extremity runoff 

 CCI: 3KG20 

Non-invasive physiologic studies of lower 
extremity arteries 

 CCI: 3KG30 

 
Abbreviations: ICD = International Statistical Classification of Diseases; ASO = atherosclerosis; CCI = Canadian 
Classification of Health Interventions; MRA = magnetic resonance angiography; CT = computed tomography. 
a
Codes were used in combination with a model-based billing code algorithm validated by Fan and colleagues (5) to 

identify patients with peripheral arterial disease. 
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eTable 3.  Coding definitions for comorbid conditions and outcomes 
 

Characteristic or 
outcome 

Database Codes 

Congestive heart 
failure 

CIHI-DAD ICD-9 428 
ICD-10 I50 

Stroke CIHI-DAD ICD-9 430 431 434 362.3 
ICD-10 I60 (except I60.8) I61 I63 I64 H34.1 

Ischemic Stroke CIHI-DAD ICD-10 I63 I64 H34.1 

Acute myocardial 
infarction 

CIHI-DAD ICD-9 410x 
ICD-10 I21 I22 

Coronary artery 
disease 

CIHI-DAD ICD-9 411 413 414 414.2 414.8 414.9 429.2 
ICD-10 I25 

Chronic 
obstructive 
pulmonary disease 

CIHI-DAD ICD-9 4912 4918 4919 4920 4928 
ICD-10 J43 J44 J47 

Chronic kidney 
disease 

CIHI-DAD ICD-9 403 404 582 585 587 588 9967 V45.1 
ICD-10 I12 N18 Z992 E1023 E1123 E1323 E1423 
N0831 N0832 N0833 N0834 N0835 N26 

Diabetes mellitus CIHI-DAD As defined in the Ontario Diabetes Database  

Major amputation 
(Ankle, below-
knee, above-knee) 

CIHI-DAD 
 
 
 
 
OHIP 

CCI 1VC93* 1VG93* 1VQ93*  
*Excluding records with the following associated primary 
ICD-10 diagnosis codes: C40 D16 D48.0 D48.1 D48.2 
Q65-Q79 S70–S99 T20–T32 
 
R626, R625, R624, R623 

Minor amputation 
(Toe, partial-foot) 

CIHI-DAD 
 
 
 
 
 
OHIP 

CCI 1WE93* 1WI93* 1WJ93* 1WK93* 1WL93* 1WM93* 
1WN93* 
*Excluding records with the following associated primary 
ICD-10 diagnosis codes: C40 D16 D48.0 D48.1 D48.2 
Q65-Q79 S70–S99 T20–T32 
 
R619, R620, R621, R622 

Peripheral arterial 
bypass surgery 

CIHI-DAD 
 

CCI 1KG76 

Percutaneous 
transluminal 
angioplasty 

OHIP J025* 
*Excluding records with the following associated OHIP 
diagnosis codes: 435 436 437 584 585 403  

Carotid 
endarterectomy 

OHIP R792 N220 

AAA repair CIHI-DAD 
 
OHIP 

CCI 1KA76, 1KA80, 1KA50GQOA, 1KE50GQOA 
 
R802 R817 R783 R784 R785 R875 

Coronary artery 
bypass graft 

CIHI-DAD 
 
OHIP 

CCI 1IJ76  
 
R742 R743  

Percutaneous 
coronary 
intervention 

CIHI-DAD 
 
OHIP 

CCI 1IJ50 
 
Z434 

Initiation of dialysis CIHI-DAD 
 
 
 

ICD-10 T824 Y602 Y612 Y622 Y841 Z490 Z491 Z492 
Z992 E10220 E10221 E10222 E10223 E10224 E10229 
N180 E11220 E11221 E11222 E11223 E11224 E11229 
E13220 E13221 E13222 E13223 E13224 E13229 
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OHIP 

E14220 E14221 E14222 E14223 E14224 E14229 
CCI 1OT53DATS 1OT53HATS 1OT53LATS 
1PZ21HPD4 1PZ21HQBR 1SY55LAFT 7SC59QD 
1KY76LA (includes 1KY76LASJ 1KY76LAXXA 
1KY76LAXXL 1KY76LAXXN) 1KY80LA (includes 
1KY80LAXXA 1KY80LAXXK 1KY80LAXXN) 
1KG76MZXXA 1KG76MZXXN 
 
R849 R850 G323 G324 G336 G325 G326 G327 G860 
G862 G863 G865 G866 G099 R825 R826 R827 R833 
R840 R841 R843 R848 R851 Z450 Z451 Z452 G330 
G331 G332 G861 G864 R852 R853 R854 R885 G082 
G083 G085 G090 G091 G092 G093 G094 G095 G096 
G294 G295 G333 H540 H740 

Head or upper 
body trauma 

CIHI-DAD ICD-10 S00—S69.9 

 
Abbreviations: CIHI-DAD = Canadian Institute for Health Information Discharge Abstract Database; ICD = International 
Statistical Classification of Diseases; OHIP = Ontario Health Insurance Plan; AAA = abdominal aortic aneurysm. 
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eTable 4.  Baseline and end-of-program follow-up characteristics of patients with 
PAD 
 

Characteristic Baseline
a
 

(n = 99) 
Follow-up

a
 

(n = 99) 
Difference

b
 

(95% CI) 
P Value for 
differences 

between groups
c
 

Age, y 65.9 ± 10.4 74.2 ± 10.6 8.4 (8.2 to 8.5) <.001 

Follow-up, y - 8.4 ± 0.8 - - 

Male Sex 53.5 53.5 - - 

History of 
hypertension 

70.7 90.9 20.2 (10.8 to 
29.6) 

<.001 

Coronary artery 
disease 

37.4 51.5 14.1 (3.8 to 24.4) .004 

MI 18.2 27.3 9.1 (1.2 to 17.0) .01 

PTCA 8.1 22.2 14.1 (4.3 to 24.0) .003 

CABG 17.2 25.3 8.1 (0.4 to 15.8) .02 

Diabetes mellitus 32.3 35.4 3.1 (-4.5 to 10.6) .37 

Cerebrovascular 
disease  

18.2 27.3 9.1 (1.8 to 16.4) .007 

Chronic kidney 
disease 

21.2 31.3 10.3 (2.0 to 18.2) .008 

PAD symptoms     

Asymptomatic
d
 6.1 21.2 15.1 (5.6 to 24.7) .001 

Claudication 91.9 68.7 -23.2 (-34.3 to -
12.2) 

<.001 

Critical ischemia 2.0 10.1 8.1 (1.02 to 
15.15) 

.01 

ABI
e
     

Right 0.80 ± 0.20 0.77 ± 0.23 -0.02 (-0.07 to 
0.03) 

.55 

Left 0.81 ± 0.23 0.78 ± 0.21 -0.02 (-0.07 to 
0.03) 

.39 

PAD interventions     

PTA +/- stent 18.4 37.8 19.4 (8.3 to 30.5) <.001 

Arterial bypass 15.3 28.6 13.3 (4.4 to 22.1) .002 

Amputation 2.0 5.1 3.1 (-1.4 to 7.4) .08 

 
Abbreviations: CI = confidence interval; MI = myocardial infarction; PTCA = percutaneous transluminal coronary 
intervention; CABG = coronary artery bypass graft; PAD = peripheral arterial disease; ABI = ankle brachial index; PTA = 
percutaneous transluminal angioplasty. 
a
Variables expressed as percentages or mean ± standard deviation. 

b
Presented as mean difference (95% confidence interval) for continuous variables and absolute difference (95% 

confidence interval) for categorical variables. 
c
Compared using the paired t test for continuous variables and McNemar’s test for categorical variables. 

d
Patients without symptoms of claudication or critical limb ischemia at time of baseline or follow-up visit, but had 

previously undergone a surgical or endovascular intervention for PAD. 
e
Ankle brachial index (ABI) >1.5 was excluded. 
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eTable 5. Causes of death in SAVR patients at clinic follow-up 

 
 

 
Abbreviations: CAD = coronary artery disease; MI = myocardial infarction; CBVD = cerebrovascular disease; PAD = 
peripheral arterial disease; AF = atrial fibrillation. 

 
 
 
 

  

Cause of Death % 
 

Total % 
(n = 170) 

Cardiovascular  37.1 

CAD/Acute MI 58.7  

Stroke/CBVD 14.3  

PAD 9.5  

AF/Flutter 4.8  

Other 12.7  

Neoplasm  25.3 

Lung 46.5  

Pancreas 14.0  

Gastrointestinal 9.3  

Genitourinary 7.0  

Other 23.3  

Respiratory  10.6 

Pneumonia 44.4  

Pneumonitis 22.2  

Other 33.3  

Diabetes  4.1 

Trauma  3.5 

Sepsis  2.9 

Genitourinary   2.4 

Other  4.7 

Unknown  9.4 



 

© 2016 American Medical Association. All rights reserved. 

eTable 6.  Risk profile and medication use of SAVR patients at baseline and end-
of-program clinic follow-up 
 

Risk Factor Baseline
a
 

(n = 99) 
Follow-up

a
 

(n = 99) 
Difference

b
 

(95% CI) 
P Value for 
differences 

between groups
c
 

Body mass index 
(kg/m

2
) 

27.2 ± 3.6 27.2 ± 5.6 0.0 (-1.9 to 2.15)
d
 .71 

Smoking Status     

Never 18.2 18.2 0.0 (-1.0 to 1.0) - 

Past 56.6 69.7 13.1 (4.9 to 21.4) <.001 

Current 25.3 12.1 -13.2 (-21.4 to -
4.9) 

<.001 

Systolic BP (mm Hg) 141 ± 21 137 ± 20 -5.3 (-10.3 to -
0.3) 

.04 

Diabetes mellitus     

FBG in diabetics 
(mmol/L) 

8.3 ± 3.1 7.7 ± 3.9 -0.3 (-0.7 to 0.2) .046 

HbA1c in diabetics 
(%) 

7.2 ±1.2 7.3 ± 1.3 0.1 (-0.2 to 0.3) .98 

Lipid Profile     

Total cholesterol 
(mmol/L) 

4.7 ±1.2 3.9 ± 0.8 -0.8 (-1.0 to -0.5) <.001 

LDL (mmol/L) 2.4 ± 0.9 1.9 ± 0.8 -0.6 (-0.8 to -0.4) <.001 

HDL (mmol/L) 1.3 ± 0.4 1.3 ± 0.4 -0.1 (-0.1 to 0.0) .12 

Triglycerides 
(mmol/L) 

2.0 ± 2.2 1.6 ± 1.2 -0.4 (-0.7 to 0.0) .03 

Any antiplatelet 66.7 79.8 13.1 (0.4 to 25.9) .03 

Aspirin alone 46.5 47.5 1.0 (-13.6 to 
15.6) 

.88 

Clopidogrel alone 6.1 11.1 5.0 (-3.0 to 13.1) .17 

Dual antiplatelets 14.1 21.2 7.1 (-2.0 to 16.1) .09 

Any anti-hypertensive 
agent 

70.7 88.9 18.2 (7.3 to 29.0) <.001 

ACEI and/or ARB 57.6 71.7 14.1 (1.9 to 26.4) .02 

Beta blocker 24.2 47.5 23.3 (12.6 to 
33.9) 

<.001 

Diuretic 24.2 39.4 15.2 (2.8 to 27.5) .01 

CCB 34.3 33.3 -1.0 (-11.9 to 9.9) .84 

Any lipid-lowering agent 68.7 89.9 21.2 (10.0 to 
32.4) 

<.001 

Statin 66.7 87.9 21.2 (9.6 to 32.8) <.001 

Ezetrol 5.1 19.2 14.1 (5.7 to 22.6) <.001 

Fibrate 2.0 3.0 1.0 (-4.4 to 6.4) .65 

 
Abbreviations: CI = confidence interval; BP = blood pressure; FBG = fasting blood glucose; HbA1c = glycated 
hemoglobin; HDL = high-density lipoprotein; LDL = low-density lipoprotein; ACEI = angiotensin converting enzyme 
inhibitor; ARB = angiotensin receptor blocker; CCB = calcium channel blocker. 
a
Variables expressed as percentages or mean ± standard deviation. 

b
Presented as mean difference (95% confidence interval) for continuous variables and absolute difference (95% 

confidence interval) for categorical variables.
 

c
Compared using the paired t test for continuous variables and McNemar’s test for categorical variables. 

d
Median difference (interquartile range).
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eFigure.  Proportion of SAVR patients that met targets for risk control at baseline 
and end-of-program follow-up 
 

 
 
 
Blood pressure (BP) control defined as systolic BP <140 mm Hg in non-diabetics and <130 mm Hg in diabetics. Non-
smoker defined as never smoker or previous smoker. Error bars represent 95% confidence intervals. *P < .05 using 
McNemar’s test for differences between paired groups. 

 

  



 

© 2016 American Medical Association. All rights reserved. 

eReferences 
 

1. Glazier RH, Creatore MI, Agha MM, Steele LS; Inner City Toronto Time Trends Working 

Group. Socioeconomic misclassification in Ontario’s Health Care Registry. Can J Public 

Health. 2003;94(2):140–143. 

2. Charlson M, Szatrowski TP, Peterson J, Gold J. Validation of a combined comorbidity index. 

J Clin Epidemiol. 1994;47(11):1245–1251. 

3. Starfield B, Weiner J, Mumford L, Steinwachs D. Ambulatory care groups: a categorization 

of diagnoses for research and management. Health Serv Res. 1991;26(1):53–74. 

4. Levy AR, O’Brien BJ, Sellors C, Grootendorst P, Willison D. Coding accuracy of 

administrative drug claims in the Ontario Drug Benefit database. Can J Clin Pharmacol. 

2003(2);10:67–71. 

5. Fan J, Arruda-Olson AM, Leibson CL, et al. Billing code algorithms to identify cases of 

peripheral artery disease from administrative data. J Am Med Inform Assoc. 

2013;20(e2):e349–354. 


