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WHAT THIS PAPER ADDS

Screening for carotid atherosclerosis is again up for debate and several guidelines even recommend selective
screening in high risk populations. The present paper evaluates the cost-effectiveness of a screening strategy in a
contemporary population based setting. The study indicates that the most important variable affecting cost-
effectiveness of screening for carotid disease is the estimated stroke risk reduction effect of medical treat-
ment initiated in the cohort with carotid stenosis detected at screening. Screening for asymptomatic carotid
artery stenosis is highly likely to be cost-effective when assuming a minimum stroke risk reduction effect of 22%
for best medical treatment.
Objective/Background: The cost-effectiveness of screening depends on the cost of screening, prevalence of
asymptomatic carotid artery stenosis (ACAS), and the potential effect of medical intervention in reducing the risk
of stroke. The aim of the study was to determine the threshold values for these parameters in order for screening
for ACAS to be cost-effective.
Methods: The clinical effect and cost-effectiveness of ultrasound screening for ACAS with subsequent initiation of
preventive therapy versus not screening was assessed in a Markov model with a lifetime perspective. Key
parameters, including stroke risk, all cause mortality, and costs, were based on contemporary published data,
population statistics, and data from an ongoing screening program in Uppsala county (population 300,000),
Sweden. Prevalence of ACAS (2%) and the rate of best medical treatment (BMT; 40%) were based on data from a
male Swedish population recently screened for ACAS. The required stroke risk reduction from BMT, incremental
cost-efficiency ratio (ICER), absolute risk reduction for stroke (ARR), and number needed to screen (NNS) were
calculated.
Results: Screening was cost-effective at an ICER of V5744 per incremental quality adjusted life year (QALY)
gained. ARR was 135 per 100,000 screened, NNS was 741, and QALYs gained were 6700 per 100,000 invited. At a
willingness to pay (WTP) threshold of V50,000 per QALY the minimum required stroke risk reduction from BMT
was 22%. The assumed degree of stroke risk reduction was the most important determinant of cost-efficiency.
Conclusion: A moderate (22%) reduction in the risk of stroke was required for an ACAS screening strategy to be
cost-effective at a WTP of V50,000/QALY. Targeting populations with a higher prevalence of ACAS could further
improve cost-efficiency.
� 2018 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.
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INTRODUCTION

Asymptomatic carotid artery disease represents a significant
risk factor for cardiovascular events, including stroke.
Studies show that primary preventive treatment and risk
factor adjustment may be beneficial.1,2 Hence, the value of
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screening for carotid artery stenosis has been discussed.1

While population screening for carotid disease is not rec-
ommended in current guidelines,1,2 selective screening may
be considered in patients with multiple vascular risk factors
in order to optimise risk factor control and medical therapy,
and reduce cardiovascular morbidity and mortality.1 Factors
affecting the efficacy of a screening strategy in an asymp-
tomatic population include prevalence of disease in the
target population, validity and reliability of the screening
tool, and benefits and harms associated with preventive
therapy.3 The prevalence of significant (>50%) carotid
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Figure 1.Markov model structure. (1) Death from unrelated causes; (2) conditional life expectancy. Same structure for the screening cohort
and no-screening cohort except different part of best medical treatment (BMT).
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stenosis among 65 year old Swedish men is 2%, when
evaluated with duplex ultrasound as the diagnostic tool.4

Previous studies have shown a small benefit for surgery
versus best medical treatment (BMT) in terms of stroke
reduction in patients with asymptomatic carotid artery
disease.5,6 However, BMT has improved significantly over
the past few years, with the broad introduction of statins
and effective antiplatelet therapy.7 Recent data suggest that
BMT should be the treatment of choice, questioning the
role of surgery in asymptomatic patients.8,9

The possible clinical effectiveness and cost-efficiency of a
screening program initiating BMT among non-medicated
individuals with screening detected asymptomatic carotid
artery stenosis (ACAS) has not been investigated in a
modern population. The aim of the present study was to
determine the threshold values for parameters affecting
cost-effectiveness of ultrasound screening for ACAS, with a
focus on the minimum required stroke risk reduction of
contemporary BMT for screening to be cost-effective.

MATERIALS AND METHODS

A Markov cohort simulation was performed to investigate
two hypothetical cohorts of 65 year old men assigned to
either a strategy with one time ultrasound screening of
carotid arteries or a strategy of no screening (where man-
agement of ACAS was based on incidental detection). The
study setting was the Swedish healthcare system, with the
exception of annual stroke risk rates and mortality rates,
which were extrapolated from international cohorts. A ca-
rotid stenosis was defined as >50% stenosis according to
the Jogestrand criteria (European Carotid Surgery Trial
(ECST)).10 Individuals with screen detected carotid artery
stenosis were simulated to receive BMT. BMT included
antihypertensive treatment, blood glucose control, lipid
lowering therapy, and antiplatelet agents. It was assumed
that real life compliance was the same in both cohorts. In
the screening cohort all subjects received BMT, whereas in
the cohort not participating in screening 40% were assumed
to have BMT for other causes, as reported in a recent
screening study.4 The prevalence of carotid artery stenosis,
as well as risk factors, was assumed to be equal in both
groups. The potential effect of preventive treatment in
terms of stroke risk reduction among patients with screen
detected ACAS was simulated in the model, in order to
assess the minimum required effect to reach cost-
effectiveness for screening.

Model structure

A Markov state transition model (1 year cycles) was con-
structed to model disease progression and the effect of
preventive therapy for the screening and non-screening
strategies (Fig. 1). The model was made up of three exclu-
sive health states: no events, post stroke, and death (rep-
resented by ovals in Fig. 1). Subjects were followed from the
time of screening until death or reaching 100 years of age. At
the end of the simulation accumulated costs and health
outcome (quality adjusted life years [QALYs]) were sum-
marised for each cohort. The screening cohort was subjected
to screening costs and the cost of BMT for all individuals,
whereas the no-screening cohort was subjected to a lower
cost of BMT, as only a fraction of individuals with ACAS were
receiving BMT. Cost of care for a stroke event was equal for
both cohorts. Cost-effectiveness acceptability was defined as
an incremental cost efficiency ratio (ICER) below £20,000e
£30,000 (V23,000e36,000) per incremental QALY,11 and a
willingness to pay (WTP) threshold of V100,000/V50,000
per incremental QALY, as defined by the National Board of
Health and Welfare in Sweden, was evaluated.12 Parameters
with inherent uncertainty based on the available literature
were range tested in a deterministic sensitivity analysis.
Probabilities were tested with a Monte Carlo analysis that
was set to 1,000,000 simulations. The model was developed
in the TreeAge Pro 2016 Healthcare software package
(TreeAge Software, Williamston, MA, USA).
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Parameters and data sources

Parameters for the model were retrieved from the literature
and contemporary population based data. Annual risks of
stroke in individuals with or without BMT were estimated
from a literature review. Parameters with base case values
and with range tested in a sensitivity analysis are shown in
Tables 1 and 2, and annual risk of stroke estimates in
Table 3. The stroke risks extrapolated from mixed cohorts
were assumed to be the same for the male population if
specified data were not reported. Review selection criteria
included a minimum of data on age, sex, annual stroke rate,
and population with carotid artery stenosis. Special atten-
tion was paid to studies where stroke risk was related to
medication. General population age dependent all cause
mortality was based on contemporary population statistics
from Statistics Sweden.13

Utilities associated with each health state were age
dependent, and retrieved from a sex and age specific
Swedish EQ-5D health related quality of life population
estimates for calculation of effect in QALYs.14 Utility for
Table 1. Parameters in the model.

Parameters Base case

Prevalence of ACAS in 65 year old men (%) 2
Attendance rate (%) 80
Annual risk of stroke with BMT (%) 1
Stroke risk reduction with BMT (%) 50

Population mortality Life tables, age 6
Annual risk of death with carotid stenosis 2� population m
Annual risk of death after stroke 4� population m
Rate with BMT among individuals with ACAS
without screening (%)

40

Utility, general population 0.83 (age 65e69
0.81 (age 70e79
0.74 (age 80 þ y

Utility, post-stroke 0.51

Note. ACAS ¼ asymptomatic carotid artery stenosis, BMT ¼ best med

Table 2. Costs in the model.

Parameters V Range
Invitation 5.0

Ultrasound screening exam 16 (administrative
costs) þ16 (carotid)

Annual cost of BMT 266 253e2

Cost of stroke first year 22,800 10,230

Cost of stroke second and
subsequent year

7100 2089e

Note. BMT ¼ best medical treatment.
post-stroke state was retrieved from the literature. QALYs
were chosen over disability adjusted life years as the utility
measurement because of the availability of Swedish popu-
lation age and sex specific data.

Costs associated with screening were based on actual
costs in the ongoing abdominal aortic aneurysm (AAA)
screening program in Sweden, and the cost of a bilateral
carotid ultrasound was specifically calculated based on the
cost of ultrasound resources within the established AAA
screening program. Costs for preventive medical treatment
and stroke care were retrieved from cost analysis studies.
Costs were based on 2016 prices and adjusted by the
consumer price index and converted to euros (V) using the
exchange rate 1V ¼ 9.48 Swedish kronor. Costs and effects
were discounted annually by 3.5% (www.nice.org.uk).

Outcome and validation

The main outcome was the incremental difference in QALYs
and costs between the screened cohort and the cohort not
screened, in a lifetime perspective. An ICER (V/QALY) was
Range tested in
sensitivity analysis

Source

0.5e6 Högberg et al.4

e Svensjö et al.23

1e3 Table 3
9e67 Paraskevas et al.,17 Sillesen

et al.,24 Collins et al.,25

Antithrombotic Trialists
Collaboration18

5e100 y Statistics Sweden13

ortality �1 to �5 Högberg15

ortality �3 to �7 Hallberge et al.,26 Hankey27

40e70 Högberg et al.,4 Högberg15

y);
y);
)

Burström et al.14

0.25e0.76 Tengs and Lin.,28 Haacke et al.,16

Luengo-Fernandez et al.29

ical treatment.

Range tested Source
Actual cost from Swedish
screening program

30e200 Actual cost from Swedish
screening program

80 250e300 Ghatnecar et al.,30

Lundström et al.31

e32,765 10,000e35,000 Persson et al.,32

Lundström et al.,31

Ghatnecar et al.,30

Hallberg et al.,26

Luengo-Fernandez et al.33

12,936 2000e13,000 Ghatnecar et al.,30

Persson et al.,32

Hallberg et al.26

http://www.nice.org.uk


Table 3. Annual risk of stroke.

Reference Medical
treatment (A/S)

Stenosis (E/N) Patients Age (y) Male (%) Follow
up (mo)

Risk annual
stroke (%)

Risk annual
death (%)

Chambers and Norris.34 e 0e100% 500 e e 12 2.1/5.7/19.5 e
Hobson et al. (VA)35 A: 100% >50% (N) 263 65 100 48 2.4 8.4
ACAS5 A: 100% >60% (N) 834 67 66 31 2.2 4.1
Longstreth et al. (CHS)36 e >70% (N) 5441 73 41 60 1 e
AbuRahma et al.43 e 60e69% (N) 382 68 57 37 1.0e4.5 e
Halliday et al. (ACST-1)6 A: 80%

S: 17e70%
>60% (E) 1560 68 66 40 1.4 3.8

Nicolaides et al.37 e >70e99% (E) 1115 e e 37 1.5e6.3 4.8
Sabeti et al.38 A: 56e60%

S: 57e68%
>50% 376 69 63 37 2.4 5a

Goessens et al.39 A: 63%
S: 45%

>50% (E) 221 65 73 42 1 7.6

Abbot9 e >50% (N, E) e e e e 1.5e3.2 e
Aichner et al.40 A: 68.7%

S: 71.4%
>70% 3164 71 64 12 3.14 2.78

Kakkos et al.41 A: 84%
S: 25%

>50% (E) 1121 70 e 48 1.1e2 e

Conrad et al.42 A: 89%
S: 86%

>70% (N) 115 73 51 63 2.4 6.0

Note. A/S ¼ antiplatelet agents/statins; E/N ¼ ECST/NASCET.
a All subjects stenosed 0e99%.

Table 4. Base case effect and cost-effectiveness at the 35 year
follow up.

Screening
strategy

No screening
strategy

ICER (V/QALY gained) 5744
Effect (QALYs per person) 7.67 7.47
Cost (V) 8707 7563
Incremental effect þ0.1993
Incremental cost (V) 1144.89
Stroke free years gained per
individual

0.44

Stroke free years gained per
prevented stroke

6.5

ARR (prevented stroke per 100,000
screened)

135

RRR from stroke by screening (%) 33.5
QALYs gained per 40,000 screeneda 160
QALYs gained per 100,000 screened 400
NNS to prevent one stroke 741

Note. ICER ¼ incremental cost-efficiency ratio; QALY ¼ quality
adjusted life year; ARR ¼ absolute risk reduction; RRR ¼ relative
risk reduction; NNS ¼ numbers needed to screen.
a Number of 65 year old men screened in Sweden every year.
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calculated based on the difference in effect and costs of the
two strategies. In addition, absolute risk reduction from
stroke (ARR), numbers needed to screen (NNS), relative risk
reduction for stroke, and difference in stroke free years was
estimated for the strategy of screening for ACAS.

It was not possible to externally validate the model
outcome owing to the lack of an ongoing ACAS screening
program to compare outcome with. Outcome in number of
screening detected ACAS was, however, validated retro-
spectively against the outcome in a recent population based
ACAS screening study in Sweden.4

RESULTS

The screening detected a prevalence of ACAS of 2.0% and the
proportion of the population with ongoing BMT prior to
screening (40%) was based on a recent population based
screening study in Sweden.4 Based on the available evidence,
stroke risk reduction appeared additive for antiplatelet
therapy and statin therapy.The assumed stroke risk reduction
from BMT was thus based on the combined estimated risk
reduction of antiplatelet therapy and statin therapy, and was
estimated to be 50%. An increased cardiovascular mortality
for an individual with carotid stenosis was estimated to be
two times higher than that of the general population, based
on a recent population based screening study of 65 year old
men with ACAS.15 The mortality rate after stroke was esti-
mated to be three times higher than the estimated risk for
patientswho had not had a stroke.16 The increase inmortality
risks was assumed to be constant over time. Utility post-
stroke was estimated at a mean utility of 0.51. As the mean
population utility for men was 0.86 the corresponding
decrement in the quality adjustment weight was 0.35.

In the base case, in a lifetime perspective there was an
incremental gain in QALYs of 0.20 per individual invited in
the screened cohort. This effect came at an additional in-
cremental cost of V1144 per individual screened, resulting
in an ICER of V5744/QALY for the strategy of screening for
ACAS versus not screening. Base case effect and cost-
effectiveness are presented in Table 4. The ARR in pre-
vented stroke was 135 per 100,000 screened. Invitation of
2380 men to screening would prevent one stroke. In the
base case scenario, assuming that the initiation of BMT for
ACAS results in a 50% stroke risk reduction versus no BMT, a
65 year old man would, on average, gain 0.44 stroke free
years by taking part in a screening program. Each prevented
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stroke resulted in a mean 6.5 additional stroke free years for
the individual who avoided a stroke.

A sensitivity analysis showed that the assumed relative
stroke risk reduction from BMT, cost of the ultrasound ex-
amination, and ACAS prevalence were the factors that had
the strongest influence on cost-effectiveness, with BMT risk
reduction being the most important variable. The effect of
variations in the different parameters on ICER is presented
in a Tornado diagram (Fig. 2). The minimum stroke reduc-
tion effect required for BMT at the WTP threshold of
V50,000/QALY was 22%, increasing to 32% at a WTP
threshold of V23,000/QALY. At an assumed stroke risk
reduction from BMT of 62% or higher, the strategy of
screening dominated the strategy of not screening (Fig. 3).
Fig. 4 shows the cost-effectiveness of screening depending
on prevalence of ACAS and stroke risk reduction at different
WTP thresholds. In Fig. 5, the ARR is plotted against the
estimated risk reduction of a preventive treatment.

DISCUSSION

In this Markov model analysis, comparing a strategy of of-
fering carotid artery screening to 65 year old men with the
initiation of BMT in those with ACAS versus not screening, a
screening strategy was cost-effective in the base case. The
minimum required stroke risk reduction of BMT for the
program to be cost-effective was 22%, at a WTP threshold
Figure 2. Tornado diagram. The graph demonstrates changes in the in
[QALY]) caused by variations in the respective parameter (sensitivity an
medical treatment (BMT; green horizontal bar) were to be only 9%, ins
from 5744 to approximately 160,000 V/QALY. Parameters are ordered
on ICER outcome, arranged in declining order from the top to the b
parameter were determined by clinically plausible assumptions based
dotted line represents the parameters’ value in the base case scenario
parameters are indicated to the left and right of the horizontal bars.
of V50,000/QALY. Available evidence indicates that the
expected risk reduction from BMT can be plausibly esti-
mated to 50%. In the base case assumption, ACAS screening
in this context remained cost-effective at a lower WTP
threshold of V23,000/QALY, as defined by the National
Institute of Health and Care Excellence in the UK.11 The
target population of 65 year old men was chosen because
this population is commonly targeted for AAA ultrasound
screening, and the AAA screening examination could easily
be complemented with a carotid ultrasound at the same
time. Although, a population of 65 year old men offered an
additional carotid ultrasound at AAA screening would
already have the cost of invitation incurred on the AAA
screening program, in this analysis these costs were
included in order for ACAS screening to be judged on its
own merits, as if ACAS had not been done concurrently with
AAA screening.

The factor that most influences the ICER is the reduction
in stroke risk with a preventive treatment. Statins alone
could potentially lower the risk of stroke by up to 48% and
antiplatelet agents by up to 25%.17,18 The additive effect of
smoke cessation, glucose control, and antihypertensive
treatment is difficult to estimate. The importance of the
assumed stroke risk reduction of BMT was illustrated in the
sensitivity analysis (Fig. 3). At the lower end of the range of
risk reduction (22%), ACAS screening would be cost-
cremental cost-efficiency ratio (ICER; V/quality adjusted life year
alysis). For example, if the assumed stroke risk reduction from best
tead of the base case assumption of 50%, the ICER would increase
hierarchically, with the topmost parameters having the most effect
ottom of graph. Upper and lower limits of the intervals for each
on studies, and are summarised in Tables 1 and 2. The vertical

. Maximum and minimum values of the sensitivity intervals for the
Note. ACAS ¼ asymptomatic carotid artery stenosis.



Figure 3. One way sensitivity analysis of the incremental cost-efficiency ratio (ICER; V/quality adjusted life year [QALY]) as a function of
different assumptions of the stroke reducing effect of best medical treatment (BMT). Clinically relevant ICER thresholds are indicated by
dotted horizontal lines in the graph. For example, provided all other parameters are unchanged, it is evident from the graph that BMT has
to have a stroke reducing effect of at least 32% for the ICER to stay below 23,000 V/QALY. The commonly referenced UK National institute
for Health and Care Excellence threshold for acceptable cost-efficiency is 23,000 V/QALY (yellow line).11 Thresholds at 50,000 V/QALY and
10,000 V/QALY represent Swedish thresholds classifying costs per QALY as “high” and “low, respectively.

Figure 4. Two way sensitivity analysis. The graph demonstrates the resulting incremental cost-efficiency ratio (ICER; V/quality adjusted life
year [QALY]) from different combinations of varying prevalence rates and assumed stroke risk reduction from BMT. The resulting coloured
areas in the graph represent combinations where the resulting ICER is equal to or more than a certain threshold value. The commonly
referenced UK National institute for Health and Care Excellence threshold for acceptable cost-efficiency is 23,000 V/QALY.11 Thresholds at
50,000 V/QALY and 10,000 V/QALY represent Swedish thresholds classifying costs per QALY as “high” and “low, respectively. Note.
ACAS ¼ asymptomatic carotid artery stenosis.
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effective at the maximum accepted WTP threshold. With an
assumed risk reduction of 62% or more, ACAS screening
would both be more effective in preventing strokes, as well
as less costly. Based on available evidence, an interval of 9e
67% was deemed a plausible variation in risk reduction
from BMT. Even small variations within this interval had
profound effects on cost-effectiveness, as well as the clinical
impact (ARR) of offering ACAS screening. Needless to say,



Figure 5. Absolute risk reduction for stroke (prevented strokes per 100,000 invited) in relation to different assumed rates of the relative
reduction of risk of stroke from best medical treatment (BMT), when BMT is initiated in a population with screening detected asymp-
tomatic carotid artery stenosis versus no screening.
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additional contemporary data helping to pinpoint the stroke
risk reducing effect of BMT would greatly assist deciding on
and planning preventive healthcare programs associated
with ACAS.

The NNS in order to prevent one stroke was high (NNS
741) versus screening for AAA (NNS 530),19 or breast cancer
screening (NNS 233).20 Although screening may be cost-
effective, the high NNS could raise questions of the clin-
ical effectiveness of screening in unselected population.

Patients with ACAS have higher mortality than the gen-
eral population.21,22 The present analysis uses a two times
increase in mortality for ACAS patients based on a recent
population study of 5 year outcome of 65 year old men
participating in carotid artery screening. The higher mor-
tality in this group has a significant influence on the in-
dividual’s gain from screening. It is suspected that the value
of screening could be slightly underestimated as the BMT
effect on lowering mortality was not taken into account.

The cost of screening was also an important factor.
Screening by means of a standard duplex examination has a
relatively low cost, especially if used in conjunction with an
already established AAA screening program. A reduction in
administrative costs related to screening would not have as
large an influence on cost-effectiveness as the use of a
different screening modality. Other, more expensive imaging
techniques such as computed tomography or magnetic reso-
nance angiography would strongly increase the cost per in-
crementalQALY, and the risk reductionwould have to bemuch
higher for a screening strategy to maintain cost-effectiveness.

There are important limitations to this study. Although
the parameters included in the analysis are based on liter-
ature review and cohort studies, the uncertainty in these
variables may affect the results of the study. The stroke risk
in individuals with ACAS without medical treatment in a
modern population, as well as the exact effect of inter-
vention with BMT and risk factor adjustment is difficult to
extract from the literature. The sensitivity analysis therefore
includes a broad range of scenarios in these parameters.
The assumption of 100% compliance with preventive
treatment overestimates the benefits as compliance with
medication in an asymptomatic population would probably
be lower. However, the effect of BMT on mortality is only
included in the current study as a decrease in stroke risk
and deaths associated with stroke. Medical intervention in
individuals with ACAS can, however, also be expected to
affect other cardiovascular morbidity and mortality, which
would thus potentially increase the gain of a screening
strategy. Even a small decrease in general cardiovascular
mortality in the ACAS group would have a strong impact on
the cost-effectiveness of screening.

Widespread screening for carotid artery stenosis has not
been accepted. The profession is divided, with some arguing
for selective screening, whereas others are against
screening in any form.15 This is mostly because of the
relatively low prevalence of significant carotid stenosis in
general population, as well as the risk of complications
associated with surgical treatment.1,2 Selective screening of
high risk groups with higher prevalence could make
screening more effective. For example, individuals with
several risk factors for cardiovascular disease (smoking,
male sex, age > 65 years, diabetes, hypertension, hyper-
lipidemia) have higher prevalence (up to 7%)4 and would
benefit more from a screening strategy. It is likely that
people with multiple risk factors have a higher prevalence
of carotid stenosis. However, in addition to increased dis-
ease prevalence, which increases the cost-effectiveness of
screening, people with multiple risk factors have a higher
cardiovascular mortality rate, which decreases cost-
effectiveness. Therefore, it is difficult to say if a strategy
of selective screening would be more effective.

Current guidelines recommend BMT, with or without
surgical treatment, for individuals with asymptomatic
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carotid stenosis and increased risk of stroke.1,2 Although risk
stratification based on cardiovascular scoring in primary
care may offer an alternative to carotid screening in order
to initiate BMT in high risk patients, studies have shown
that most myocardial infarctions and strokes occur in peo-
ple at average risk factor level who are misclassified by
scoring systems as low or intermediate risk. Screening
would also detect individuals that are at risk but not have
been in contact with the primary healthcare system and
therefore put through a scoring test. Adding carotid imaging
to the present strategy with risk factor scoring could be
beneficial in identifying individuals with increased risk of
cardiovascular events.

CONCLUSION

The present study suggests that one time ultrasound
screening for ACAS in 65 year old men may be cost-
effective. The effect of BMT on stroke risk reduction is the
key factor affecting cost-effectiveness of screening, and a
minimum 22% reduction in the risk of stroke is required for
screening to remain cost-effective at a WTP threshold of
V50,000/QALY.
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