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ABSTRACT
Objective  Bicuspid aortic valve (BAV) is common and 
7.7%–9.8% of patients with BAV have intracranial 
aneuryms (IAs) which might lead to a devastating 
subarachnoid haemorrhage (SAH). We aimed to evaluate 
different screening and follow-up strategies using 
magnetic resonance angiography for IAs among patients 
with BAV.
Methods  A decision-analytic model was built to 
evaluate the costs and effectiveness of different 
management strategies from the Chinese healthcare 
payer’s perspective. The evaluated strategies included 
natural history without screening for possible IAs, regular 
screening and no follow-up for detected IAs, and regular 
screening with regular follow-up (Screen strategy/
Follow-up strategy). Base case calculation, as well as 
probabilistic, one-way, and two-way sensitivity analyses, 
were performed.
Results  According to the base case calculation, natural 
history had the least cost and effectiveness while Every 5 
years (y)/Annual gained the highest cost and effectiveness. 
Every 10y/Biennial was cost effective when compared with 
Every 10y/Every 5y under the willingness-to-pay threshold 
of ¥211 743 (US$30 162). Probabilistic sensitivity analysis 
showed that Every 10y/Biennial was superior in 88.3% 
of the cases when compared with Every 10y/Every 5y. 
One-way and two-way sensitivity analyses proved that 
Every 10y/Biennial was the dominant strategy under most 
circumstances.
Conclusions  Screening for possible IAs among patients 
with BAV and follow-up for detected IAs would increase 
the effectiveness. Every 10y/Biennial was the optimal 
strategy from the Chinese healthcare payer’s perspective.

INTRODUCTION
Bicuspid aortic valve (BAV) is one of the 
most frequent congenital heart defects with 
a prevalence of 1%–2% in the general popu-
lation.1 Although patients with BAV may stay 
asymptomatic throughout their entire life, 
most suffer from an increased risk for severe 
cardiovascular events such as valve insuffi-
ciency, stenosis, thoracic aortic dilation or 
dissection.2–4 Moreover, they are increasingly 

vulnerable to intracranial aneurysms (IAs) 
formation. The prevalence of IAs among 
patients with BAV is significantly higher than 
the general population: 7.7%–9.8% versus 
3.2%, respectively.5–7

IAs might lead to a catastrophic conse-
quence due to subarachnoid haemorrhage 
(SAH) caused by aneurysm rupture. There-
fore, screening populations with an increased 
risk of IAs formation would be beneficial due 
to the prophylactic treatment. For example, 

Strengths and limitations of this study

►► The 2015 American Heart Association/American 
Stroke Association guidelines recommended that 
patients with a history of bicuspid aortic valve (BAV) 
should be screened for intracranial aneurysms (IAs) 
by non-invasive computed tomographic angiog-
raphy or magnetic resonance angiography (MRA). 
However, there are a lot of uncertainties regarding 
the benefits of screening for IAs in patients with BAV.

►► We built a decision-analytic model to compare the 
costs and effectiveness of different strategies re-
garding the management of IAs in patients with BAV. 
Our model suggested that a repeated screen with 
MRA every 10 years was optimal. Once IAs were de-
tected, the large ones could be coiled directly while 
the small ones could have a biennial follow-up for 
IAs growth. Our study provides a reference for the 
management of these patients.

►► Some key variables including the risk ratio of rup-
turing and growing in large IAs compared with small 
IAs were not retrieved from BAV-related studies due 
to lack of literature.

►► There were no Chinese population-specific clinical 
parameters and utilities, and most of these values 
were obtained from international studies. This might 
cause some bias towards our results, especially 
from the Chinese perspective.

►► We do not consider the effect of endovascular 
complications on the cost effectiveness of different 
management strategies since there were no reliable 
sources to estimate the incidence and costs.
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with a high prevalence of 11.5%,8 systematic screening for 
IAs in autosomal dominant polycystic kidney disease was 
found to increase quality-adjusted life-years (QALYs) and 
be cost effective.9 10

The 2015 American Heart Association/American Stroke 
Association guidelines recommended that patients with a 
BAV history should be screened for IAs by non-invasive 
computed tomographic angiography or magnetic reso-
nance angiography (MRA).11 However, since screening 
acquired extra expenditure and prophylactic coiling 
or open surgery might bring unpleasant consequences 
including disability or even death, there are a lot of 
uncertainties regarding the benefits of screening for IAs 
in patients with BAV. The frequency for IAs screening, 
as well as the optimal follow-up strategy once IA was 
detected, have not been determined. In this study, we 
built a decision-analytic model to compare the costs and 
effectiveness of different management strategies using 
MRA in patients with BAV.

METHODS
Natural history without screening was compared with 
different strategies including one-time screening for 
possible IAs among patients with BAV at the initial age, 
screening every 10 years, and screening every 5 years. The 
Second International Study of Unruptured Intracranial 
Aneurysms indicated that the risk of bleeding from UIAs 
less than 7 mm was extremely low.12 Therefore, once large 
IAs (size of more than 7 mm) were detected by screening, 
they were assumed to have endovascular treatment 
directly. For small IAs with a size of less than 7 mm, they 
would be followed regularly to assess the possible growth 
in size because growing IAs were more likely to rupture.13 
The follow-up strategies included no follow-up, follow-up 
every 5 years, biennial follow-up and annual follow-up. 
To make the following descriptions more simplified, the 
management strategy was expressed as ‘Screen strategy/
Follow-up strategy’. For example, screen every 10 years 
followed by annual follow-up would be ‘Every 10y/
Annual’. We conducted this study according to the Consol-
idated Health Economic Evaluation Reporting Standards 
(CHEERS) reporting guideline and the CHEERS list was 
provided in online supplemental table.

Markov model
A decision-analytic tree incorporating Markov modelling 
was built by TreeAge Pro Suite 2020 (TreeAge Software). 
It started with a 30-year-old patient with BAV, representing 
the age he/she entered the cohort. This model used 
1 year as a cycle and would repeat until all patients died or 
reached 99 years old. Thirteen different discrete health 
states were defined in this model. The Markov model is 
presented in online supplemental figure 1.

Natural history
If no screening was performed for patients with BAV, 8% of 
them were assumed to have underlying IAs according to a 

recent meta-analysis.14 All these IAs carried an annual risk 
of SAH due to aneurysm rupture. We assumed all patients 
with aneurysmal SAH would be presented to endovas-
cular coiling. According to the treatment outcomes, 
these patients might have a full recovery, survive with 
mild disability, survive with moderate to severe disability, 
or die. After treatment, patients with a full recovery would 
receive annual MRA follow-up in subsequent years due to 
de novo aneurysm formation.

For those without IAs, there were no associated costs 
or reduction of utility in their health state. However, they 
would have an annual incidence of de novo aneurysm 
formation. Once a new aneurysm was formed, it also 
carried a risk of rupturing.

Screening without follow-up
In this strategy, patients with BAV were assumed to receive 
one-time or regular screening for possible IAs. Since large 
IAs had a significantly higher risk of rupturing than the 
small ones.15 16 We assumed patients with large IAs would 
have prophylactic coiling once detected by screening. 
After treatment, these patients would have a full recovery, 
mild disability, moderate to severe disability, or death. 
Fully recovered patients would have a similar subsequent 
follow-up as in ‘No screening’.

If small IAs were detected by screening, no follow-up 
would be performed. These patients would also have a 
risk of rupturing and subsequent events as described in 
“Natural history”.

If no IAs were detected among patients with BAV, they 
still had a risk of de novo aneurysm formation and then 
aneurysm rupture. For the unruptured new aneurysm, it 
would not be detected until the next screening.

Screening with follow-up
Similar to ‘Screening without follow-up’, patients with 
BAV would receive one-time or regular screening and 
large detected IAs would be coiled directly. For small 
detected IAs, they would undergo different follow-up strat-
egies with regular intervals to assess the possible growth 
in aneurysmal size. If growth was detected, patients would 
have direct coiling with similar subsequent outcomes and 
follow-up described in ‘Screening without follow-up’. 
If there was no size change in follow-up, IAs still had a 
smaller rupture risk.

Clinical parameters
All the clinical parameters used in the model were 
retrieved from the published large-cohort studies or 
reviews whenever possible (table 1). The proportion of IAs 
with a size of less than 7 mm was calculated from the recent 
cohort study conducted by Egbe et al in which 84.7% was 
small.5 The annual incidence of de novo IAs formation 
among patients with BVA could not be determined by 
the current literature. Pickard et al calculated an annual 
incidence of 0.439% for IAs formation among patients 
with coarctation of the aorta in their study.17 Since BAV 
and coarctation are two closely related aortopathies,18 
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Table 1  List of input variables

Variable Mean Range Distribution Reference

Clinical parameters  �

 � IAs prevalence at the initial screening 0.08 0.06–0.10 Beta
SD: 0.006

14

 � Proportion of small IAs 0.847 0.756–0.939 Beta
SD: 0.04

5

 � Annual incidence of de novo IAs formation 0.004 0.002–0.007 Beta
SD: 0.001

17

 � Risk ratio of rupturing in large IAs compared with small ones 4.6  �  15

 � Rupture rate of small IAs 0.004 0.001–0.009 Beta
SD: 0.001

5 15

 � Rupture rate of large IAs 0.017 0.001–0.04 Beta
SD: 0.007

5 15

 � Risk ratio of growing in large IAs compared with small IAs 3.68  �  19

 � Growth rate of small IAs 0.005 0.001–0.01 Beta
SD: 0.001

5 19

 � Growth rate of large IAs 0.018 0.001–0.037 Beta
SD: 0.006

5 19

 � Risk ratio of rupturing in growing IAs compared with nongrowing ones 12 ±20% – 13

 � Proportion of mild disability after coiling of unruptured IAs 0.048 0.034–0.065 Beta
SD: 0.005

16 20

 � Proportion of moderate to severe disability after coiling of unruptured IAs 0.022 0.013–0.034 Beta
SD: 0.004

16 20

 � Mortality after coiling of unruptured IAs 0.006 0.002–0.01 Beta
SD: 0.001

16 20

 � Proportion of mild disability after coiling of ruptured IAs 0.15 0.13–0.17 Beta
SD: 0.007

21–24

 � Proportion of moderate to severe disability after coiling of ruptured IAs 0.09 0.07–0.11 Beta
SD: 0.007

21–24

 � Mortality after coiling of ruptured IAs 0.35 0.25–0.45 Beta
SD: 0.033

21–24

 � Risk ratio of death in mild disability compared with the general 
population

2.02 1.7–2.4 Lognormal
SD: 0.109

27

 � Risk ratio of death in moderate to severe disability compared with the 
general population

4.46 4.05–4.91 Lognormal
SD: 0.128

27

Cost (¥)  �

 � MRA 600 480–720 Normal
SD: 60

28

 � Coiling 160 646 1 28 517–192 775 Gamma
SD: 64 828

28

 � SAH treatment 3829 3063–4595 Gamma
SD: 586

28

 � Annual cost of mild disability 9108 8826–9397 Gamma
SD: 143

29

 � Annual cost of moderate to severe disability 13 999 13 234–14 796 Gamma
SD: 391

29

Utility  �

 � BAV 0.92 0.89–0.94 Triangle 31

 � Mild disability 0.72 0.65–0.80 Triangle 21

 � Moderate to severe disability 0.41 0.25–0.65 Triangle 21

 � SAH 0.64 0.52–0.71 Triangle 42

 � Coiling procedure 5% disutility  �  9

BAV, bicuspid aortic valve; IA, intracranial aneurysm; MRA, magnetic resonance angiography; SAH, subarachnoid haemorrhage.
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and patients with coarctation have a slightly higher prev-
alence of IAs than those with BAV,14 we used a lower 
annual incidence of 0.4% for the base case calculation 
and a range of 0.2%–0.7% for sensitivity analyses in our 
study after consulting with the experts. The rupture rate 
of IAs in patients with BAV was 4% over 7 years.5 The risk 
ratio of rupturing in large IAs compared with small ones 
was 4.6.15 We then calculated the rupture rate of small 
and large IAs to be 0.4% and 1.7%, respectively. Egbe et 
al reported an overall IAs growth rate of 6% over 9 years 
in patients with BAV.5 The risk ratio of growing in large 
IAs compared with small ones was estimated to be 3.68.19 
Then, the annual growth rate of small and large IAs in 
patients with BAV was calculated to be 0.5% and 1.8%, 
respectively. There was a 12-fold higher risk of rupturing 
for growing IAs compared with nongrowing ones.13 The 
outcomes of prophylactic coiling were combined from 
a large cohort study and a meta-analysis.16 20 The long-
term case fatality after SAH treatment was estimated to be 
35%, while 15% and 9% of them would develop mild or 
moderate to severe disability.21–24

The age-specific mortality rates were obtained from the 
most recent published census of China and were adjusted 
by the aneurysmal cause of death in China.25 26 Patients 
with disabilities would have increased mortality compared 
with the general population. The mortality rate for mild 
disability was adjusted by 2.02-fold, and for moderate to 
severe disability was adjusted by 4.46-fold.27

Costs
This study was conducted from the Chinese healthcare 
payers’ perspective and the costs included both out-of-
pocket costs and reimbursements. Costs of MRA, endovas-
cular treatment, SAH, and post-hospitalisation care were 
extracted from Chinese-based studies and adjusted from 
years of publication.28 29 They were updated to the 2019 
Chinese Yuan (¥) using the medical care component of 
the consumer price index. For example, in our previous 
cost-effectiveness analysis, the cost of MRA was reported 
to be ¥600 which was obtained from the clinical data-
base of our hospital.28 This cost was standardised to the 
2019 price in this study and we, therefore, used this value 
directly. Most of the costs were assigned with Gamma 
distributions since they were rightward skewed with a 
lower boundary of zero, which is very useful for varying 
cost inputs in the probabilistic sensitivity analysis.30

Utilities
Health-related quality of life value (utility score) was 
assigned to all the health states. QALYs were measured to 
determine health outcomes by multiplying the length of 
patient years within a particular health state by the corre-
sponding utility score. Patients with BAV were assumed 
to have a utility of 0.92.31 The utility of mild disability, 
moderate to severe disability, and SAH were based on a 
previous cost-effectiveness analysis of the preventive treat-
ment of unruptured aneurysms.21 The coiling procedure 
was assumed to cause a temporary 5% disutility due to 

discomfort or anxiety.9 All the costs and utilities were 
applied with a 3% discount rate annually.

Statistical analysis
All the analyses were conducted by TreeAge Pro Suite 
2020. We calculated the incremental cost-effectiveness 
ratio (ICER) defined as follows: (Cost of Strategy 1 – Cost 
of reference strategy)/(QALYs of Strategy 1 – QALYs 
of reference strategy). A strategy was cost effective if 
the ICER was less than the willingness-to-pay threshold 
(WTP) of 3×gross domestic product (GDP) per capita in 
that country.32 The GDP per capita of China in 2019 was 
¥70 581 and equaled US$10 054.33 Therefore, we used a 
WTP threshold of ¥211 743 (US$30 162) per QALY in 
this study. Another primary indicator was the net mone-
tary benefit, which was defined as follows: expected 
utility  ×WTP – cost. A strategy was optimal if it had a 
higher net monetary benefit than other ones.

A half-cycle correction was applied in this study. The 
base case calculation was performed with the mean value 
of each parameter. To account for the uncertainty of 
specific parameters on the model outcome, one-way and 
two-way sensitivity analyses were performed by varying 
parameters in their ranges while keeping other param-
eters fixed. Probabilistic sensitivity analysis with Monte 
Carlo simulation was carried out with all input parame-
ters varied simultaneously according to their assigned 
distributions. We calculated the probability of cost effec-
tiveness for each strategy by varying WTP values using 
cost-effectiveness acceptability curves (CEAC).

Patient and public involvement
Patients and/or the public were not involved in the study.

RESULTS
Base case calculation
The cost and effectiveness of different strategies were 
compared (figure  1). According to the results, natural 
history had the least cost but also the least effective-
ness. Every 5y/Annual gained the highest cost as well 

Figure 1  The cost and effectiveness of different 
management strategies. WTP, willingness to pay.
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as the highest effectiveness. The yellow line in figure  1 
that connected five different strategies was the cost-
effectiveness frontier. Strategies located on the left of 
the frontier were not cost-effective compared with those 
on the frontier. We then calculated the ICERs using only 
the strategies on the cost-effectiveness frontier (table 2). 
Every 10y/Biennial had an ICER of ¥129 354/QALY 
when compared with Every 10y/Every 5y and it was cost 
effective under the WTP threshold of ¥211 743/QALY.

Probabilistic sensitivity analyses
Probabilistic sensitivity analysis was performed with 
10 000 iterations. When compared with Every 10y/Every 
5y, Every 10y/Biennial was superior in 8830 of the 10 000 
iterations (88.3%) (figure 2). The result remained stable 
after 10 repeated analyses, indicating that these iterations 
were sufficient to achieve a reliable outcome.

The CEAC showing the cost-effective strategy depending 
on the WTP threshold is presented in figure 3. The prob-
ability of Every 10y/Biennial being cost-effective would 
be greater than all other strategies when the WTP is 
above ¥129 354/QALY, which is lower than the current 
threshold of ¥211 743/QALY.

One-way and two-way sensitivity analyses
A tornado diagram is a set of one-way sensitivity anal-
yses brought together in a single graph. As presented 
in figure  4, the optimal management strategy would 
change along with the variations of the rupture rate of 
small IAs, the annual incidence of de novo IAs forma-
tion, the growth rate of small IAs, and the rupture rate 
of large IAs. We put these four parameters in the one-
way sensitivity analyses. The result showed that Every 10y/
Biennial was the optimal strategy when the rupture rate 
of small IAs was above 0.26% even though the difference 
was small (online supplemental figure 2). For the annual 
incidence of de novo IAs formation, Every10y/Biennial 
was dominant when the incidence was less than 0.65%. 
Similarly, when the rate was above 0.28% for the growth 
rate of small IAs and was between 0.3% and 2.85% for the 
rupture rate of large IAs, Every 10y/Biennial remained 
optimal.

Then, we performed two-way sensitivity analyses on the 
rupture rate of small IAs and the rupture rate of large IAs, 
as well as on the annual incidence of de novo IAs forma-
tion and the growth rate of small IAs. The results indi-
cated that Every 10y/Biennial was the optimal strategy 
under most circumstances (online supplemental figure 

Figure 3  Cost-effectiveness acceptability curve. The 
probability of cost effectiveness for each strategy under a 
given willingness-to-pay threshold was presented. The result 
was from 10 000 iterations of the Markov model.

Table 2  Base case calculation (dominated strategies have been removed)

Different strategies Cost (¥) Effectiveness (QALY) Incremental cost (¥)
Incremental 
effectiveness (QALY)

ICER (¥/
QALY)

Natural history 5659 23.013 Reference Reference Reference

Every 10y/Every 5y 11 135 23.097 5476 0.084 65 414

Every 10y/Biennial 11 673 23.101 537 0.004 129 354

Every 5y/Biennial* 13 142 23.106 1469 0.005 314 778

Every 5y/Annual* 13 926 23.107 784 0.002 488 453

*ICER larger than WTP threshold.
ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years; WTP, willingness to pay.

Figure 2  Probabilistic sensitivity analysis. Each dot on the 
diagram represents one of the 10 000 iterations. All dots 
below the line of WTP represent iterations in which Every 10y/
Biennial is superior to Every 10y/Every 5y. WTP, willingness 
to pay.

https://dx.doi.org/10.1136/bmjopen-2021-051236
https://dx.doi.org/10.1136/bmjopen-2021-051236


6 Chen J, et al. BMJ Open 2021;11:e051236. doi:10.1136/bmjopen-2021-051236

Open access�

3), IV). We also included the age of starting screening 
(from 30 to 50 years old) and IAs prevalence at the initial 
screening in the two-way sensitivity analysis and the results 
indicated that the optimal strategy was not sensitive to 
these two parameters (online supplemental figure 4).

DISCUSSION
The reported prevalence of IAs in patients with BAV was 
estimated to be 7.7%–9.8%,5 6 which was significantly 
higher than that among the general population. Since 
there is no direct evidence or consensus among experts, 
a decision analysis may help decide the best management 
strategy for these patients. To the best of our knowledge, 
this is the first study that has evaluated the costs and utility 
of screening and following for IAs in patients with BAV. 
Our study supported the recommendation from the 2015 
American Heart Association/American Stroke Associa-
tion guidelines that patients with BAV should be screened 
and followed regularly.11 The results showed that MRA 
screening patients with BAV every 10 years, and bien-
nial follow-up for the detected small IA, was the optimal 
strategy from the Chinese healthcare payer’s perspective. 
This strategy remained optimal when the age starting 
screen ranged between 30 to 50 years old.

China has the largest population around the world 
and there are fast increasing demands for limited health-
care budgets. It drives policy-makers to move towards a 
data-driven and evidence-supporting healthcare system 
with China’s national health strategy.34 Actually, several 
health policy reforms have advocated comparative 
cost and effectiveness researches in recent years.35 The 
number of published cost-effectiveness analyses in China 
has grown rapidly over the last two decades.36 Our study 
has the merits of providing an evidence-based suggestion 
regarding the management of patients with BAV, which 
has a high prevalence among the general population.37

We conducted one-way sensitivity analyses using all the 
input parameters to determine the impact of parameter 
uncertainty on the primary outcome. The variations of 
four parameters including the rupture rate of small 
IAs, the annual incidence of de novo IAs formation, the 
growth rate of small IAs, and the rupture rate of large IAs 
would affect our results. The mean value of the rupture 
rate of small (0.4%) and large IAs (1.7%) was calculated 
from the largest cohort study related to IAs in patients 
with BAV.5 These rates were similar to those reported in 
the aneurysm cohorts among the general population.15 16 
The growth rate of small IAs (0.5%) was also calculated 
from this cohort study.5 The annual incidence of de novo 
IAs formation among patients with BAV was another key 
parameter while its value could not be obtained directly 
from the published literature. In a recent meta-analysis, 
the incidence of de novo IAs formation was estimated to 
be 0.3% among patients with a prior diagnosis of IAs.38 
In another similar cost-effectiveness study, Pickard et al 
calculated an annual incidence of 0.439% among patients 
with aorta coarctation.17 Therefore, we used 0.4% for the 
annual incidence of IA formation in the current study. 
The ranges assigned to these parameters were estimated 
after consulting with experts based on the related litera-
ture and we tend to use a generally wider range to account 
for the uncertainty if possible.

After varying these four aforementioned parameters 
in the two-way sensitivity analyses, Every 10y/Biennial 
remained the optimal strategy under most circumstances. 
This result was further validated by the probabilistic sensi-
tivity analysis. Moreover, we calculated the probability of 
cost effectiveness for each strategy by varying WTP values 
and the result indicated that Every 10y/Biennial was 
more likely to be cost-effective than all other strategies 
together under the WTP threshold of ¥211743/QALY. 
Taking all these results together, screening for IAs among 
patients with BAV every 10 years with biennial follow-up 
for detected small IAs was the more cost-effective strategy 
currently.

Our study has several limitations. First, some key vari-
ables including the risk ratio of rupturing and growing in 
large IAs compared with small IAs were not retrieved from 
BAV related studies due to lack of literature. We used the 
value from pooled study and meta-analysis that targeted 
IAs among the general population instead. There were no 
Chinese population-specific clinical parameters and util-
ities, and most of these values were obtained from inter-
national studies. This might cause some bias towards our 
results, especially from the Chinese perspective. However, 
the sensitivity analyses have accounted for these uncer-
tainties and the model conclusion remained unchanged 
within the ranges of these parameters. Moreover, this is 
not unprecedented in other cost-effectiveness studies.9 17

Second, a constant rupture rate was assumed for both 
large and small IAs. It has been postulated that the 
rupture risk is higher shortly after formation and the 
risk might decline with time.39 This unconstant rupture 
rate might imply closer supervision of these IAs initially, 

Figure 4  Tornado diagram. The effect of variation of each 
parameter on the net monetary benefit was presented 
on each bar. The dark line within the bar represented the 
alteration of the optimal strategy. EV, expected value; IA, 
intracranial aneurysm.
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with increasing space of imaging over time. However, 
there lacks specific literature on the dynamic rupture risk 
pattern of IAs. An updated model might be needed once 
these data are available.

Third, we used MRA as the screening modality for IAs 
concerning the risk brought by contrast material and radi-
ation of CT angiography. We assumed that each aneurysm 
could be detected by MRA. However, some studies do 
have concerns about the sensitivity and specificity of MRA 
for the detection of IAs, especially for the small ones.40 
Moreover, there lacks published literature regarding the 
accuracy of detecting aneurysm growth,41 and the defini-
tion of growth is varied across different studies.

Fourth, we do not consider the effect of endovascular 
complications on the cost-effectiveness of different 
management strategies since there were no reliable 
sources to estimate the incidence and costs. However, 
considering that the fact the incidence is relatively low, it 
will not affect our results to a large extent.

CONCLUSION
Our study supports the recommendation to screen for 
possible IAs among patients with BAV. Screening and 
follow-up would increase the effectiveness. From the 
Chinese healthcare payer’s perspective, a repeated screen 
with MRA every 10 years was suggested. Once IAs were 
detected, the large ones could be coiled directly while the 
small ones could have a biennial follow-up for IAs growth.
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