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ABSTRACT

Objectives: Since patients with peripheral arterial occlusive disease (PAOD) are at high 
risk for cardiovascular morbidity and mortality, preventive measures aimed to reduce 
cardiovascular adverse events are advocated in the current guidelines. We conducted a 
systematic review to assess the implementation of secondary prevention (SP) measures 
in PAOD patients.
Materials and methods: PubMed, Cochrane Library, EMBASE and Web of Science 
databases were searched to perform a systematic review of the literature from 1999 till 
June 2008 on SP for PAOD patients. Assessment of study quality was done following the 
Cochrane Library review system. The record outcomes were anti-platelet agents, heart 
rate lowering agents, blood pressure lowering agents, lipid-lowering agents, glucose 
lowering agents, smoking cessation and walking exercise. 
Results: From a total of 2137 identified studies, 83 observational studies met the in-
clusion criteria of which 24 were included in the systematic review comprising 34157 
patients. These patients suffered from coronary artery disease (n=3516, 41%), myocar-
dial infraction (n=2647, 38%), angina pectoris (n=1790, 31%), congestive heart failure 
(n=2052, 14%), diabetes mellitus (n=10690, 31%) hypertension (n=20823, 73%) and 
hyperlipidaemia (n=15067, 64%). Contrary to what the guidelines prescribe, antiplatelet 
agents, heart rate lowering agents, blood pressure lowering agents and lipid-lowering 
agents were prescribed in 63%, 34%, 46% and 45% of the patients respectively. Glucose 
lowering agents were prescribed in 81% and smoking cessation in 39% of the patients.
Conclusion: The majority of patients suffering from PAOD do not receive the entire ap-
proach of secondary preventative measures as suggested by the current guidelines. To 
our knowledge, the cause of this undertreatment is multifactor: patient-, physician- or 
health care related. 



Implementation of Established Recommended Secondary Prevention Measures

Quality of Provided Care in Vascular Surgery Outcome assessment & Improvement strategies

67

INTRODUCTION

Peripheral arterial occlusive disease (PAOD) results from the narrowing of blood vessels 
of the lower limbs, predominantly secondary to atherosclerotic vascular disease. Risk 
factors (RFs) associated with PAOD include typical cardiovascular RFs, such as older 
age, smoking, diabetes mellitus, hypercholesterolemia, and hypertension 1. PAOD is a 
substantial public health problem and also very common in the western world. The first 
clinical sign of PAOD is usually intermittent claudication (IC) 2 and increases dramatically 
with advancing age, ranging from 0.6% in individuals aged 45 to 54 years, to 8.8% in 
patients aged 65 to 74 years 3, 4. 

The aim of treatment of patients with PAOD is to relieve lower extremity symptoms 
by interventions such as regular walking exercise, endovascular therapy and/or surgery. 
However, besides therapeutic strategies aimed at relief of compromised flow to the 
lower limb, reduction of the risk of future cardiovascular events in this specific high risk 
patient population is of utmost importance. 

Secondary prevention (SP) aims to minimize the risk of vascular morbidity and mor-
tality and requires major changes in lifestyle, such as smoking cessation 4 and medical 
treatment with antiplatelet agents (APA) 5-7, lipid-lowering agents (LLA) 7-9, heart rate 
lowering agents (HRLA) 7, 10-12 and blood pressure lowering agents (BPLA) 7, 13-15 that 
should be continued lifelong. There is substantial evidence that a combination of long-
term, tailored medical treatment in combination with life style adjustments is beneficial 
in reduction of future adverse cardiovascular events in these PAOD patients 13-15. 

Effective SP is outlined in recent guidelines such as the Trans-Atlantic Inter-Society 
Consensus Document on Management of Peripheral Arterial Disease (TASC I and II) 
reporting standards 13, 14 and the guidelines for the prevention of cardiovascular events 
in patients with symptomatic PAOD proposed by the American Heart Association/
American College of Cardiology (AHA/ACC) 15. Although PAOD patients would benefit 
from aggressive SP, as stated in the TASC and AHA/ACC guidelines, the actual prevalence 
of these preventative measures in this specific patient population is unknown. 

Therefore, we conducted a systematic review to assess the implementation/prevalence 
of established recommended secondary preventive measures by physicians in patients 
with intermittent claudication (IC) or critical limb ischaemia (CLI) using recent literature 
16-39 concerning implementation established recommended secondary prevention in 
PAOD patients. 
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MATERIALS AND METHODS

Search strategy

A systematic search of literature was performed in the medical databases PubMed, Co-
chrane Library, EMBASE and Web of Science. The search strategy used for each database 
is described in the Appendix 1-4 respectively. In addition, we manually searched the 
reference lists of relevant articles to identify articles missed by electronic searches. Lan-
guage was restricted to English, French, German and Dutch. We did not systematically 
search abstract books of conference proceedings, did not hand search leading journals, 
and did not contact leading authors in the field to retrieve potential extra papers.

Inclusion criteria

The inclusion criteria of the studies for the systematic review are listed in Appendix 5.

Types of studies

Any prospective or retrospective study evaluating the evidenced-based medicine 
guideline-concordance of SP in patients with PAOD was considered. The studies had 
to be published from 1999 (the year of the TASC I 13 reporting guidelines) till June 2008. 
They had to describe an original patient series evaluating the SP in PAOD patients. Stud-
ies had to describe a consecutive patient series and had to comprise a minimal number 
of forty patients to be eligible for inclusion. 

Participants, risk factors, comorbidity and secondary prevention 

Studies were eligible if they evaluated patients with PAOD: intermittent claudication (IC) 
or critical lower limb ischaemia (CLI) according to the Society of Vascular Surgery/North 
American Chapter of the International Society for Cardiovascular surgery (SVS/ISCVS) 40. 
As listed in Table 1-3 risk factors (RFs), comorbidity and SP 5-12, 41-44 were registered of all 
evaluated studies. 

Study selection

Titles and/or abstracts of all selected manuscripts in the initial search were screened by 
two reviewers (HF and JL) independently to identify potentially relevant articles, using 
the inclusion criteria and using a standardized form. Discrepancies in judgment were 
resolved after discussion and, when necessary, after mediation of a third reviewer (JH). 
Full text of these articles was retrieved for further analysis.



Implementation of Established Recommended Secondary Prevention Measures

Quality of Provided Care in Vascular Surgery Outcome assessment & Improvement strategies

69

Study quality and data extraction

Studies fulfilling all inclusion criteria were checked on study quality characteristics by 
two reviewers (HF and JL) independently. Assessment of study quality was done using a 
form based on a checklist of the Cochrane Library 45. 

Registration and statistical analysis

Statistical analyses were performed with a computerized software package, using Excel 
(Office XP from Microsoft) and SPSS 16.0 for Windows. 

RESULTS

Study selection

The search identified 2137 potentially eligible studies of which 2055 were excluded 
based on title and abstract. From the remaining 83 studies full articles were collected 
and evaluated. Twenty four articles met our inclusion criteria and were included in the 
systematic review. Study flow and reasons for exclusion are presented in Figure 1. 

Study descriptions

Characteristics of the included articles are shown in Table 1 and 2. These articles repre-
sented 34157 patients diagnosed with PAOD over a period of 10 years. Only 7 studies 
(29%) were prospective and 17 studies (71%) were retrospective.

Patient characteristics

As listed in Table 1, a total of 20789 men (65%) and 13368 women (35%) were evaluated, 
with a mean age of 70 years (range 64 - 76). They suffered from coronary artery disease 
(n=3516; 41%), myocardial infraction (n=2647; 38%), angina pectoris (n=1790; 31%), 
congestive heart failure (n=2052; 14%), diabetes mellitus (n=10690; 31%) hyperten-
sion (n=20823; 73%) and hyperlipidaemia (n=15067; 64%). Sixty-seven percent of the 
patients (n=14952) were current smokers.



70 Chapter 3
T

a
b

le
 1

. 
St

ud
y 

ch
ar

ac
te

ris
tic

s 
of

 th
e 

ev
al

ua
te

d 
lit

er
at

ur
e 

16
-3

9 
in

 th
is

 s
tu

dy
.

N
o

R
e

f
A

u
th

o
r

Jo
u

rn
a

l

o
f

P
u

b
li

c
a

ti
o

n

Y
e

a
r

o
f

P
u

b
li

c
a

ti
o

n

M
id

p
o

in
t

o
f

S
tu

d
y

C
o

u
n

tr
y

o
f

O
ri

g
in

P
a

ti
e

n
ts

M
e

a
n

a
g

e

y
e

a
rs

M
a

le

G
e

n
d

e
r

S
tu

d
y

D
e

si
g

n

P
A

O
D

T
y

p
e

o
f

tr
e

a
tm

e
n

t

1
.

16
.

A
na

nd
 

CJ
C

19
99

19
97

Ca
na

da
19

5 
(1

)
71

11
9 

(6
1)

re
tr

os
pe

ct
iv

e
IC

 a
nd

 C
LI

Re
va

sc
ul

ar
iz

at
io

n 
(S

), 
m

aj
or

 
am

pu
ta

tio
n

2
.

17
.

H
irs

ch
JA

M
A

20
01

19
99

U
SA

18
65

 (5
)

70
89

5 
(4

8)
pr

os
pe

ct
iv

e
IC

Co
nt

ro
l o

ut
pa

tie
nt

 c
lin

ic
 

3
.

18
.

Bi
sm

ut
h

EJ
VE

S
20

01
19

98
D

en
m

ar
k 

U
SA

14
7 

(0
)

76
 8

2 
(5

6)
re

tr
os

pe
ct

iv
e

CL
I

Re
va

sc
ul

ar
iz

at
io

n 
(S

)

4
.

19
.

N
as

s
Va

sc
 M

ed
20

01
19

97
U

K
15

5 
(0

)
69

 8
1 

(5
2)

re
tr

os
pe

ct
iv

e
IC

 a
nd

 C
LI

Re
va

sc
ul

ar
iz

at
io

n 
(S

)

5
.

20
.

Bu
rn

s
EJ

VE
S

20
02

N
R

U
K

15
0 

(0
)

N
R

N
R

re
tr

os
pe

ct
iv

e
IC

Re
va

sc
ul

ar
iz

at
io

n 
(E

+S
)

6
.

21
.

Ca
ss

ar
EJ

VE
S

20
03

20
01

U
K

10
4 

(0
)

70
57

 (5
5)

re
tr

os
pe

ct
iv

e
IC

Co
nt

ro
l o

ut
pa

tie
nt

 c
lin

ic
 

7
.

22
.

To
re

lla
Su

rg
eo

n
20

03
19

99
U

SA
89

 (0
)

68
67

 (7
5)

re
tr

os
pe

ct
iv

e
IC

Co
ns

er
va

tiv
e

8
.

23
.

H
en

ke
JV

S
20

04
20

00
U

SA
29

3 
(1

)
64

 1
96

 (6
7)

re
tr

os
pe

ct
iv

e
IC

 a
nd

 C
LI

Re
va

sc
ul

ar
iz

at
io

n 
(S

)

9
.

24
.

Re
hr

in
g

JV
S

20
05

20
03

U
SA

17
33

 (5
)

N
R

N
R

re
tr

os
pe

ct
iv

e
IC

Re
va

sc
ul

ar
iz

at
io

n 
(S

)

1
0

.
25

.
Co

nt
e

JV
S

20
05

20
02

U
SA

14
04

 (4
)

69
 8

99
 (6

4)
re

tr
os

pe
ct

iv
e

CL
I

Re
va

sc
ul

ar
iz

at
io

n 
(S

)

1
1

.
26

.
O

ka
a

Va
sc

 M
ed

20
05

20
01

U
SA

10
1 

(0
)

73
 7

4 
(7

3)
re

tr
os

pe
ct

iv
e

IC
Co

nt
ro

l o
ut

pa
tie

nt
 c

lin
ic

1
2

.
27

.
N

es
s

JG
A

BS
M

S
20

05
20

04
Fr

an
ce

20
9 

(1
)

72
10

2 
(4

9)
re

tr
os

pe
ct

iv
e

IC
Re

va
sc

ul
ar

iz
at

io
n 

(S
)

1
3

.
28

.
D

ed
ol

a
A

M
CV

20
05

20
00

Sw
ed

en
57

08
 (1

7)
65

46
23

 (8
1)

re
tr

os
pe

ct
iv

e
IC

 a
nd

 C
LI

Co
nt

ro
l o

ut
pa

tie
nt

 c
lin

ic
 

1
4

.
29

.
Ba

ra
ni

In
t A

ng
io

l
20

05
20

01
U

SA
25

9 
(1

)
75

13
8 

(5
3)

pr
os

pe
ct

iv
e

CL
I

Co
nt

ro
l o

ut
pa

tie
nt

 c
lin

ic
 

1
5

.
30

.
Bh

at
t

JA
M

A
20

06
20

04
U

K
82

73
 (2

4)
69

58
74

 (7
1)

pr
os

pe
ct

iv
e

IC
 a

nd
 C

LI
Co

nt
ro

l o
ut

pa
tie

nt
 c

lin
ic

1
6

.
31

.
Br

ad
le

y
EJ

VE
S

20
06

20
04

U
SA

10
9 

(0
)

70
78

 (7
2)

re
tr

os
pe

ct
iv

e
CL

I
M

aj
or

 a
m

pu
ta

tio
n

1
7

.
32

.
Bi

an
ch

i
AV

S
20

07
20

06
U

K
16

7 
(0

)
68

N
R

re
tr

os
pe

ct
iv

e
IC

 a
nd

 C
LI

Co
nt

ro
l o

ut
pa

tie
nt

 c
lin

ic
 a

ft
er

 
re

va
sc

ul
ar

i-z
at

io
n 

(E
+S

)

1
8

.
33

.
Kh

an
EJ

VE
S

20
07

20
03

U
K

47
3 

(1
)

68
31

7 
(6

7)
pr

os
pe

ct
iv

e
IC

Co
nt

ro
l o

ut
pa

tie
nt

 c
lin

ic

1
9

.
34

.
W

ils
on

EJ
VE

S
20

07
20

05
Ch

in
a

21
3 

(1
)

68
13

8 
(6

5)
pr

os
pe

ct
iv

e
IC

Co
nt

ro
l o

ut
pa

tie
nt

 c
lin

ic

2
0

.
35

.
H

as
im

u
Ci

rc
 J

20
07

N
R

U
K

52
54

 (1
5)

67
27

85
 (5

3)
re

tr
os

pe
ct

iv
e

IC
 a

nd
 C

LI
Re

va
sc

ul
ar

iz
at

io
n 

(E
+S

), 
m

aj
or

 
am

pu
ta

tio
n



Implementation of Established Recommended Secondary Prevention Measures

Quality of Provided Care in Vascular Surgery Outcome assessment & Improvement strategies

71

Secondary prevention

As listed in Table 2 and 3 and Figure 2a-e, a vast 
minority of the PAOD patients received proper SP. 
Contrary to what the guidelines prescribe, about 
45% (n=15227 range 5-70%) of the patients were 
treated with LLA, 63% (n=21657; range 5-88%) of 
all patients were treated with APA, 34% (n=8750; 
range 12-69%) of the PAOD patients (treated 
with revascularization or major amputation) 
were treated with HRLA and 46% (n=6340; range 
29-71%) of all patients with hypertension were 
treated with BPLA. Eighty-one percent of the 
patients with diabetes mellitus with indication 
for treatment (n=4213; range 33-100%) were 
treated with glucose lowering agents (GLA), 39% 
of the current smokers (n=762; range 1-96%) were 
advised on smoking cessation and 23% of the IC 
patients (n=155, range 2-56%) were prescribed 
with walking exercise. 

DISCUSSION

In this study we describe a high prevalence of 
modifiable risk factors for cardiovascular disease 
in patients suffering from PAOD (IC and CLI) and a 
disappointing level of implementation of second-
ary preventive measures to reduce cardiovascular 
events in this specific high risk patient group. 
These conclusions are the results of a systematic 
review of recent literature concerning SP in PAOD 
patients in vascular surgery because of IC or CLI.

PAOD is not only a manifestation of extensive 
atherosclerosis but also a marker of increased risk 
for coronary and cerebrovascular complications 
including death. Given the high baseline risk of 
this population and the effectiveness of the SP 14, 

15, 46, a combination of multiple drug therapies, in 
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combination with aggressive lifestyle change and revascularization, can substantially 
reduce the burden of morbidity and mortality in patients with PAOD. Most patients with 
PAOD substantially benefit from aggressive medical therapy 47. Optimal SP reduces the 
risk of revascularization; it can improve functional status and quality of life in the long 
term and is cost effective. These approaches are expected to produce a cumulative rela-
tive risk reduction of approximately 75% 48. 

SP is recommended in evidence based guidelines for the prevention of cardiovascular 
events in patients with PAOD as proposed in the AHA/ACC - and TASC I and - II reporting 
guidelines and several other evidence-based recommendations. However, the imple-
mentation of the updated and revised AHA/ACC or TASC I and II reporting guidelines 
is unknown. In this systematic review of predefined specific studies evaluating SP, a 
substantial gap between recommendations in guidelines and actual clinical practice in 

Figure 1. Study flow and exclusion criteria.

Combined search results of 4 databases
2137 publications

83 publications selected on title and
abstract

29 full-text articles included in
systematic review

24 full-text articles eligible for
systematic review

5 similar databases

5 no consecutive series

7 data inadequate
or data not retrievable

9 questionnaires sent to 
physicians (GP, VS, VI, CA)

33 including AAA and carotid 
surgery

GP=general practitioner; VS=vascular surgeon; VI=vascular internist; CA=cardiologist.
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the care of PAOD patients is demon-
strated. Only a minority of patients 
were at AHA/ACC or TASC I and II 
guideline target goals for SP.

Lifestyle adjustments concerning 
SP 

Although detailed analysis of preva-
lence of smoking was not described 
in all evaluated studies; only 39% of 
registered smokers entered a smok-
ing cessation program. Smoking is 
associated with PAOD severity, an 
increased risk of amputation, periph-
eral graft occlusion and mortality in 
PAOD patients 49. All patients who 
smoke should strongly and repeat-
edly be advised to stop smoking, and 
should receive a program of physician 
advice, group counselling sessions 
and nicotine replacement. Although 
detailed analysis of prevalence of 
walking exercise was not described in 
all evaluated studies; only 23% of the 
patients entered a walking exercise 
program. These programs improve 
functional performance and alter 
cardiovascular risk 50, 51. Important 
to stress is that supervised exercise 
therapy has statistically significant 
benefits on treadmill walking dis-
tance compared with non-supervised 
regimens, which is currently the 
main prescribed exercise therapy for 
people with intermittent claudication 
52.
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Figure 2a. Percentage of patients actually treated with lipid lowering agents in the evaluated in the 
literature 16-39.
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Figure 2b. Percentage of patients actually treated with anti-platelet agents in the evaluated in the 
literature 16-39.
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Figure 2c. Percentage of patients actually treated with blood pressure lowering agents in the evaluated 
in the literature 16-39.
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Figure 2d. Percentage of patients actually treated with heart rate lowering agents in the evaluated in the 
literature 16-39.
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Medical treatment concerning SP

Antiplatelet agents

Detailed analysis of prevalence of prescribed APA was described in all evaluated studies; 
only 63 % of all PAOD patients were prescribed with an APA. The use of APA is indicated 
as secondary cardiovascular prevention in patients presenting with PAOD. All symptom-
atic PAOD patients with or without a history of other cardiovascular disease should be 
prescribed APA long term to reduce the risk of cardiovascular morbidity and mortality. 
Patients who withdraw APA prior to the event have worse outcomes than those who 
either continued on APA or those who have never received APA 5-7, 46.

Blood pressure - and heart rate regulation

Although detailed analysis of prevalence of prescribed antihypertensive medication is 
not described in all evaluated studies; only 34% of all PAOD patients were prescribed 
with HRLA and 46% of the patients were treated with BPLA. The interpretation of this 
intensity of medical treatment with these agents is not straightforward. First, control of 
hypertension is essential for the prevention of stroke, myocardial infarction and conges-
tive heart failure in hypertensive patients and in patients at increased cardiovascular risk 
including presence of PAOD (HOPE-trial) 53. In this systematic review, 73% of the patients 
were found to have hypertension. Most of these patients will need medical therapy 
in addition to lifestyle treatment. However, these subjects are not uncomplicated hy-

Figure 2e. Percentage of patients actually treated with anti-platelet agents, blood pressure lowering 
agents, lipid lowering agent and heart rate lowering agents in the evaluated in the literature 16-39  from 
1997 till 2007.
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pertensive patients but patients with hypertension and clinical evident PAOD making 
defining them as high to very high risk patients for recurrent cardiovascular events and 
death due to those events. 

Blood pressure lowering agents

In this setting, it is important to recall studies such as the HOPE-trial 53, it makes the 
case for the beneficial effect of ACEi (ramipril) in PAOD patients, and the ABCD-trial 54 
(enalapril) illustrating these effects for diabetic patients. In the latest guidelines 55 for 
the management of patients with PAOD, ACEi may be considered for cardiovascular 
risk reduction. They are recommended for treatment of left ventricular dysfunction and 
patient well-being by reducing inhospital stay and increasing patient survival 56. Patients 
with asymptomatic systolic left ventricular dysfunction (left ventricular ejection fraction 
<40%) should receive ACEi treatment. Patients with asymptomatic systolic left ventricu-
lar dysfunction (left ventricular ejection fraction <40%) and myocardial infarction in past 
history should receive β-blocker as well, for improvement of left ventricular function and 
heart rate control. 

Heart rate regulation lowering agents

In the DECREASE-I trial 57, treatment with the highly β-1 selective β-blocker bisoprolol 
was initiated at least 30-day prior to surgery and, to maximize beneficial effects, pa-
tients were titrated according to tolerance to achieve heart rate control between 65-70 
beats per minutes 57. In literature it is suggested that the long-term beneficial effects 
of β-blocker therapy might be explained by a decrease of progress of coronary athero-
sclerosis 58. In contrast to the instant effect on heart rate control as demonstrated in 
the DECREASE-1 trial, the effect of β-blockers on plaque stabilization may therefore be 
achieved only after prolonged treatment. The latest AHA/ACC guidelines on periopera-
tive heart regulation initiate β-blocker treatment in patients with 1 or more cardiovascu-
lar clinical risk factors to achieve perioperative heart rate between 65-70 59.

Lipid-lowering agents

LLA, especially using statins, has been shown to dramatically improve outcome of sub-
jects with proven atherosclerotic cardiovascular disease (HPS-trial) 60. This was observed 
for many primary and secondary outcome measures including cardiovascular mortal-
ity. Subgroup analysis showed PAOD patients benefited from statin treatment like all 
other secondary and primary prevention patients studied. Accordingly, most if not all 
guidelines recommend treatment with statins in all SP patients including PAOD patients. 
In our review we found detailed analysis of prevalence of prescribed LLA in all evalu-
ated studies; only 53% of all PAOD patients were prescribed statins or other LLA clearly 
making the point for further improvement. Of note, the specific impact of LLA on PAOD 
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related vessel changes and improvement of clinical presentations is less well studied. 
However, favourable influences on leg functioning, walking performance and positive 
effects on the arterial wall structure and function has been described 61. Nevertheless, 
in our opinion, the major proven consideration to prescribe LLA to PAOD patients is the 
prevention of cardiovascular death and (recurrent) major cardiovascular events such a 
myocardial infarction.

Glucose lowering agents

Detailed analysis of prevalence of diabetes mellitus was described in almost all evaluated 
studies; almost 81% of registered diabetic patients were prescribed with GLA. Although, 
a substantial part of diabetics will improve blood glucose levels by alteration of life style 
including weight loss, exercise and nutrition, intensive glucose monitoring and oral or 
IM medication is frequently indicated. Aggressive diabetes mellitus control decreases 
microangiopathy and its related complications and may decrease vascular mortality and 
morbidity rates 62. 

Related factors of suboptimal implementation of established recommended SP

In this systematic review, several factors were identified causing the suboptimal SP 
prevalence. These factors can be divided in patient related -, physician related and 
health care related factors. Important to mention is that we summed the opinion of the 
authors of the articles included in this systematic review.

Patient related factors

First, it is relevant that patients understand the threat of the disease, which depends 
on their perception of its seriousness and their own susceptibility 24, 26, 32, 35. The patient 
should clearly understand the dose, frequency, timing and duration of SP. Patients want 
to be regarded as sophisticated and sceptical clients and need proper information so 
that they can be involved in healthcare decisions 63. 

Second, another potential cause that contributes to the lower rates of SP for PAOD 
patients could be the lack of patient compliance to prescription medication 32. Patient-
related factors for non-compliance appear to be younger age, smoking, lack of low fat 
diet and exercise 64. To improve compliance, physicians should discuss compliance with 
their patients at every visit in a non-judgemental manner and should also communicate 
their respect for the patient’s perspective on his/her condition 65. To increase patient 
behaviour, regular and frequent scheduled out patient visits, contacts via telephone, 
and follow-up by mail using an automatically prescription generated reminder chart 
result in a practical and cost effective aid to compliance 66 67.
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Third, polypharmacy because of coexisting cardiovascular RFs results in the patients’ 
non-compliance with newly prescribed medications 32. Increased numbers of cardiovas-
cular drugs per patient brings about a decreased perception for a specific drug 64 and 
improper use 68.

Physician related factors

First, inadequate recognition and underdiagnosis of PAOD due to deficiencies in phy-
sician knowledge contribute to a lower rate of atherosclerotic risk factor reduction in 
patients with PAOD 16, 17, 19-30, 33-35, 37-39. Primary care physicians usually not conduct a full 
vascular RF profile with subsequent SP 65.

Second, in this systematic review the main cause of suboptimal SP in PAOD patients 
is the lack of physicians’ knowledge of risk factor modification in this specific patient 
population 16, 20, 21, 23-30, 33-35, 37. This finding is in accordance with several reports described 
in literature 69-72 concluding that deficiencies in physician knowledge contribute to lower 
rates of RF reduction and SP for PAOD patients. These studies reveal that physicians’ 
perceptions toward risk reduction in PAOD identify glaring knowledge and action gaps, 
despite the overwhelming recognition that recommending and instituting therapy 
should be the responsibility of the physician. With the suboptimal utilization rate of SP, 
only one-fourth of the participants rated their knowledge about risk reduction as above 
average.

Third, important to realize is that most of the physicians lack time for a structured and 
repetitive SP for each PAOD patient in the outpatient clinic and/or during admission for 
PAOD treatment 20, 24, 32. Time is simply to scarce for a structured history evaluation, com-
plete physical examination, laboratory and duplex ultrasound evaluation. Furthermore, 
evaluation of implemented SP during follow-up is often too time consuming.

Fourth, the lack of reimbursement for risk factor assessment in PAOD patients may 
be an important barrier to effective SP in PAOD 26. Risk factor evaluation in the out pa-
tient clinic is time consuming and without direct reimbursement for this process most 
easily disregarded. Without direct reimbursement for these preventative strategies, a 
decreased interest or responsibility for the actual SP in these high risk patients can be 
expected. 

Health care related factors

The responsibility for SP of patients with PAOD is spread out across a number of spe-
cialties. Many of the PAOD patients with extensive co-morbidity have been treated by 
a variety of specialists such as cardiologists, diabetologists, internal medicine, stroke 
physicians and vascular surgeons depending on their co-morbidities 19, 20, 31, 32, 36, 37, 39. 
Although all these physicians have an important role in the treatment of specific signs 
and symptoms of the PAOD patient, a coordination of SP is frequently lacking. 
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Suggestions for optimising the implementation of established recommended SP

The message is evident, clear and alarming; therefore it becomes even more important 
to find ways to improve SP.

Computer analysis database system 

We composed a user-friendly computer analysis database system for vascular patients 
in daily practice. Such an integrated health care system with electronic medical records 
and communication could represent a viable model of comprehensive care whereby 
vascular specialists could initiate changes and interactively communicate to primary 
physicians and pharmacists during follow-up (Appendix 6).

Multidisciplinary meeting

We advice the implementation of a standardized multidisciplinary approach with all 
specialists surrounding the PAOD patient; this can result in improvement of quality of 
care 73. The aim of this meeting is reducing patient morbidity and mortality and to strive 
for the highest possible quality of care by optimizing the implementation of established 
recommended SP in patients with PAOD.

Limitations of the study

Some limitations of our study should be mentioned. First, publication bias for studies 
reporting on evaluation of SP limits conclusions from this outcome. All studies included, 
reporting prevalence of SP in patients suffering from PAOD, are considered to be centres 
with specific focus on this topic. Therefore, SP in these centres is more likely to implement 
recent guidelines than centres without this preventative aim. So, actual SP in today’s 
medicine is probably less implemented compared to evaluated literature. Second, the 
literature search resulted in a large number of case series containing small numbers of 
patients. We excluded series with less than forty patients, and as a result some data may 
have been lost from the systematic review. Third, in some of these reports clear defini-
tions of SP concerning APA, LLA, HRLA and BPLA is lacking, which may have confounded 
our review. Fourth, the number of prospective studies was relatively low, which makes 
interpretation of these results difficult. We tried to reduce the large degree of clinical 
heterogeneity by defining strict inclusion criteria.
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CONCLUSION

Our study provides current evidence that the SP of patients with PAOD still needs im-
provement. This is disappointing given international efforts to increase the awareness 
and profile of this condition. We have found that despite clear guidelines for the medical 
community regarding cardiovascular prevention, a large percentage of patients with 
PAOD are not receiving appropriate SP for their comorbidities or are not meeting the 
established goals with only a minority of patients at target goals. In our opinion, reasons 
for this disparity may include patient related factors, physician related factors and health 
care related factors. We are of the opinion that to rectify this suboptimal SP, there is a 
need for increased physician awareness of PAOD, reimbursement and implementation 
of screening programs and more aggressive treatment of RFs. 
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Appendix 1. The PubMed search strategy.

(“secondary prevention” OR “secondary medical prevention” OR “risk factors”[majr] OR “risk factors”[ti] OR 
“risk factor”[ti] OR “risk factor management” OR “risk factor modification” OR “risk factors management” OR 
“risk factor treatment” OR “risk factors treatment” OR  “risk factors modification” OR “risk factor control” OR 
“risk factors control” OR “risk factor profile” OR “risk factor profiles” OR “risk factors profile” OR “risk factors 
profiles” OR “modifiable risk factors” OR “modifiable risk factor” OR “secondary risk factor” OR “secondary risk 
factors”  OR “medical management” OR cardioprotect*[ti] OR “Angiotensin-Converting Enzyme Inhibitors”[majr] 
OR “Angiotensin-Converting Enzyme Inhibitors”[ti] OR “Receptors, Angiotensin”[majr] OR “Angiotensin 
Receptors”[ti] OR “antiplatelet agents”[ti] OR “Platelet Aggregation Inhibitors”[majr] OR “antihypertensive 
agents”[majr] OR antihypertensive[ti] OR “Antilipemic Agents”[majr] OR “lipid-lowering”[ti] OR beta-blocker[ti] 
OR beta-blockers[ti] OR “Adrenergic beta-Antagonists”[majr] OR “calcium channel blockers”[mesh] OR “calcium 
channel blockers”[ti] OR “Cardiovascular Agents”[majr] OR “Physician’s Practice Patterns”[majr] OR “medical 
treatment”[ti] OR “medical therapy”[ti] OR “medical therapies”[ti] OR “tobacco use”[ti] OR smoking[ti] OR 
“smoking”[majr] OR “smoking cessation”[majr] OR “Tobacco Use Cessation”[majr] OR “exercise treatment”[ti] 
OR “exercise therapy”[majr] OR “exercise therapy”[ti]) AND (“Peripheral Vascular Diseases”[Majr:NoExp] OR 
“peripheral vascular”[ti] OR ((“Arteriosclerosis”[Majr:NoExp] OR arteriosclerosis[ti] OR Arteriolosclerosis[ti] OR 
“Arteriolosclerosis”[majr] OR Atherosclerosis[ti] OR “Atherosclerosis”[majr] OR “Intermittent Claudication”[majr] 
OR “Intermittent Claudication”[ti] OR atherosclerotic[ti]) AND (“lower extremity”[tw] OR “lower extremities”[tw] 
OR “lower limb”[tw] OR “lower limbs”[tw] OR “Lower Extremity”[mesh:NoExp] OR foot OR feet OR leg OR 
legs)) OR “peripheral arterial occlusive”[tiab] OR “peripheral arterial disease”[tiab] OR “peripheral arterial 
diseases”[tiab] OR “critical lower limb ischaemia” OR “critical lower limb ischemia” OR critical lower limb 
ischaemic OR critical lower limb ischemic OR (ischemia AND lower extremity))

Appendix 2. The Cochrane Library search strategy. 

#1 “secondary prevention” OR “secondary medical prevention” OR “risk factor management” OR “risk factor 
modification” OR “risk factors management” OR “risk factor treatment” OR “risk factors treatment” OR “risk factors 
modification” OR “risk factor control” OR “risk factors control” OR “risk factor profile” OR “risk factor profiles” 
OR “risk factors profile” OR “risk factors profiles” OR “modifiable risk factors” OR “modifiable risk factor” OR 
“secondary risk factor” OR “secondary risk factors”  OR “medical management”  :ti,ab,kw
#2 “risk factors” OR “risk factor” OR cardioprotect* OR “Angiotensin-Converting Enzyme Inhibitor” OR 
“Angiotensin-Converting Enzyme Inhibitors” OR “ace-inhibitor” OR “ace-inhibitors” OR “angiotensin receptor” OR 
“Angiotensin Receptors” OR “antiplatelet agents” OR “Platelet Aggregation Inhibitors” OR “Platelet Aggregation 
Inhibitor” OR antihypertensive OR Antilipemic OR “lipid-lowering” OR beta-blocker OR beta-blockers OR 
“Adrenergic beta-Antagonists” OR “Adrenergic beta-Antagonist” OR “calcium channel blocker” OR “calcium 
channel blockers” OR “Cardiovascular Agent” OR “cardiovascular agents” OR “medical treatment” OR “medical 
therapy” OR “medical therapies” OR tobacco OR smoking OR “exercise treatment” OR “exercise therapy”:ti
#3 MeSH descriptor Physician’s Practice Patterns explode all trees
#4 (#1 OR #2 OR #3)
#5 “peripheral vascular”:ti
#6 ((Arteriosclero* OR Arteriolosclero* OR Atherosclero* OR “Intermittent Claudication”) AND (“lower extremity” 
OR “lower extremities” OR “lower limb” OR “lower limbs” OR foot OR feet OR leg OR legs)) :ti,ab,kw
#7 “peripheral arterial occlusive” OR “peripheral arterial disease” OR “peripheral arterial diseases” OR “critical 
lower limb ischaemia” OR “critical lower limb ischemia” OR “critical lower limb ischaemic” OR “critical lower limb 
ischemic” OR (ischemia AND lower extremity):ti,ab,kw
#8 (#5 OR #6 OR #7)
#9 (#8 AND #4)
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Appendix 3. The EMBASE search strategy. 

secondary prevention/ OR secondary prevention.mp OR secondary medical prevention.mp OR *risk factor/ 
OR risk factor.ti OR risk factors.ti OR risk factor management.mp OR risk factor modification.mp OR risk factor 
treatment.mp OR risk factors treatment.mp OR risk factors modification.mp OR risk factor control.mp OR risk 
factors control OR risk factor profile.mp OR risk factor profiles.mp OR risk factors profile.mp OR risk factors 
profiles.mp OR modifiable risk factors.mp OR modifiable risk factor.mp OR secondary risk factor.mp OR 
secondary risk factors.mp OR medical management.mp OR cardioprotect$.ti OR *Dipeptidyl Carboxypeptidase 
Inhibitor/ OR Angiotensin-Converting Enzyme Inhibitors.ti OR *angiotensin receptor/ OR angiotensin 
receptor.ti OR angiotensin receptors.ti OR *Antithrombocytic Agent/  OR antiplatelet agent.ti OR antiplatelet 
agents.ti OR Antithrombocytic agent.ti OR Antithrombocytic agents.ti OR platelet aggregation inhibitors.
ti OR *antihypertensive agent/ OR antihypertensive.ti OR *Antilipemic Agents/ OR lipid lowering.ti OR *Beta 
Adrenergic Receptor Blocking Agent/ OR beta blocker.ti OR beta blockers.ti OR beta-blocker.ti OR beta-
blockers.ti OR *calcium channel blocking agent/ OR calcium channel blocker$.ti OR *cardiovascular agent/ 
OR *tobacco dependence/ OR tobacco abuse.ti OR *smoking/ OR *smoking cessation/ OR *kinesiotherapy/ 
OR exercise treatment.ti  OR exercise therapy.ti OR exercise therapies.ti OR medical treatment.ti OR 
medical therapy.ti OR medical therapies.ti) AND (*Peripheral Vascular Disease/ OR peripheral vascular.ti OR 
((*Arteriosclerosis/ OR arteriosclerosis.ti OR Arteriolosclerosis.ti OR *Arteriolosclerosis/ OR Atherosclerosis.ti 
OR *Atherosclerosis/ OR *Intermittent Claudication/ OR Intermittent Claudication.ti. OR atherosclerotic.ti) AND 
(*leg/ OR lower extremity.ti OR lower extremities.ti OR lower limb.ti OR lower limbs.ti OR Lower Extremity.ti 
OR *foot/ OR foot.ti OR feet.ti OR leg.ti OR legs.ti)) OR exp *peripheral occlusive artery disease/ OR peripheral 
occlusive artery.ti OR peripheral occlusive arteries.ti OR peripheral arterial disease.ti OR peripheral arterial 
diseases.ti OR (*limb ischemia/ AND (leg/ OR lower extremity.mp OR lower extremities.mp OR lower limb.mp 
OR lower limbs.mp OR Lower Extremity.mp OR foot/ OR foot.mp OR feet.mp OR leg.mp OR legs.mp)) OR lower 
limb ischaemia.ti OR lower limb ischemia.ti OR *leg ischemia/ OR leg ischemia.ti OR leg ischaemia.ti)

Appendix 4. The Web of Science search strategy.

(ts=(“secondary prevention” OR “secondary medical prevention” OR “risk factor management” OR “risk factor 
modification” OR “risk factors management” OR “risk factor treatment” OR “risk factors treatment” OR “risk 
factors modification” OR “risk factor control” OR “risk factors control” OR “risk factor profile” OR “risk factor 
profiles” OR “risk factors profile” OR “risk factors profiles” OR “modifiable risk factors” OR “modifiable risk factor” 
OR “secondary risk factor” OR “secondary risk factors”  OR “medical management”) OR TI=(“risk factor*” OR 
cardioprotect* OR “Angiotensin-Converting Enzyme Inhibitor*” OR “ACE-inhibitor*” OR “Angiotensin Receptor*” 
OR antiplatelet OR “Platelet Aggregation Inhibitor*”[ti] OR antihypertensive OR antilipemic OR “lipid-lowering” 
OR “beta-blocker*” OR “Adrenergic beta-Antagonist*” OR “calcium channel blocker*” OR “Cardiovascular Agent*” 
OR “medical treatment” OR “medical therapy” OR “medical therapies” OR “tobacco use” OR smoking OR “exercise 
treatment” OR “exercise therapy”))

AND

((TI=”peripheral vascular”) OR (ti=(arteriosclero* OR Arteriolosclero* OR atherosclero* OR “Intermittent 
Claudication”) AND ts=(“lower extremit*” OR “lower limb*” OR foot OR feet OR leg OR legs)) OR ts=(“peripheral 
arterial occlusive” OR “peripheral arterial disease*” OR “critical lower limb isch*”))
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Appendix 5. Inclusion criteria

• Symptomatic PAOD according to the SVS/ISCVS guidelines 40

 - Intermittent claudication
 - Critical limb ischaemia  
• Secondary prevention measures

 -  Antiplatelet agents (APA) defined as the prescription of antiplatelet agents (acetylsalicylic acid, dipyridamole 
or clopidogrel)

 - Lipid-lowering agents (LLA) defined as the prescription of agents used to treat lipid abnormalities (statins)
 - Heart rate lowering agents (HRLA) defined as the prescription of heart rate lowering agents (β-blockers)
 -  Blood pressure lowering agents (BPLA) defined as the prescription of antihypertensive medications 

(angiotensin converting enzyme inhibitors, and/or calcium channel blockers, angiotensin II receptor blockers 
and/or diuretics)

 -  Glucose lowering agents (GLA) defined as the current use of diabetes medications (insulin and oral 
hypoglycemic agents)

• Treatment

 - Conservative
 - Revascularization (endovascular / surgical)
 - Major amputation (below knee amputation / above knee amputation)
 - Control after invasive treatment
• Period

 - After initiation of the TASC-I guidelines 13 
• Patient series  

 - Original
 - Consecutive
• Evaluating

 - Implementation of established recommended secondary prevention in patients with PAOD
• Language 

 - English
 - French
 - Dutch
 - German
• Total patients 

 - Comprise a minimal number of forty patients

PAOD=Peripheral Arterial Occlusive Disease; SVS/ISCVS=Society of Vascular Surgery / North American 
Chapter of the International Society for Cardiovascular surgery; TASC=Trans-Atlantic Inter-Society 
Consensus Document on Management of Peripheral Arterial Disease.
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Appendix 6a. Example of the ‘medication screen’ of the recommended computer analysis database 
system to be used in a real time electronic file for patients diagnosed with PAOD. Important to stress is that 
the registered information in this appendix does not contain actual patient information, it is all made-up.  

Appendix 6b. Example of the ‘laboratory screen’ of the recommended computer analysis database 
system to be used in a real time electronic file for patients diagnosed with PAOD. Important to stress 
is that the registered information in this appendix does not contain actual patient information, it is all 
made-up.  
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Appendix 6c. Example of the ‘laboratory screen’ of the recommended computer analysis database system 
to be used in a real time electronic file for patients diagnosed with PAOD. Important to stress is that the 
registered information in this appendix does not contain actual patient information, it is all made-up.

PTCA=percutaneous transluminal coronary angioplasty; CABG=coronary artery bypass grafting; 
NYHA=New York Heart Association; SVS/ISCVS=Society of Vascular Surgery / North American Chapter 
of the International Society for Cardiovascular surgery; ASA=American Society of Anaesthesiologists; 
POSSUM=Physiological and Operative Severity Score for the enumeration of Mortality and morbidity; 
TIA=transient ischaemic attack; CAS=carotid artery stenting; CEA=carotid endarterectomy; pckyrs=pack 
years; WHO/ISH=world health organization/ International Society of Hypertension; NCEP=national 
cholesterol education Program; GOLD=Global Initiative for Chronic Obstructive Lung Disease; NKF-
DOQI=National Kidney Foundation Disease Outcome Quality Initiative;GCS=glascow coma scale; 
ECG=electrocardiogram.
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Appendix 6d. Example of the ‘clinical risk evaluation screen’ of the recommended computer analysis 
database system to be used in a real time electronic file for patients diagnosed with PAOD. Important to 
stress is that the registered information in this appendix does not contain actual patient information, it is 
all made-up.  

APA=anti platelet agent; LLA=lipid lowering agent; GLA=glucose lowering agent; HRLA=heart rate 
lowering agent; BPLA=blood pressure lowering agent; BMI=body mass index; SVS/ISCVS=Society of 
Vascular Surgery / North American Chapter of the International Society for Cardiovascular surgery; 
ASA=American Society of Anaesthesiologists; POSSUM=Physiological and Operative Severity Score for the 
enumeration of Mortality and morbidity; ECG=electrocardiogram; ICU=intensive care unit.


