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Abstract

Background: Patients with coarctation of the aorta (CoA) have a high prevalence of intracranial
aneurysms (1A) and suffer subarachnoid hemorrhage (SAH) at younger ages than the general
population. AHA/ACC Guidelines recommend IA screening, but appropriate age and interval of
screening, and its effectiveness remain a critical knowledge gap.

Methods and Results: To evaluate the benefits and cost-effectiveness of magnetic resonance
angiography screening for IA in patients with CoA, we developed and calibrated a Markov model
to match published IA prevalence estimates. The primary outcome was the incremental cost-
effectiveness ratio (ICER). Secondary outcomes included lifetime cumulative incidence of
prophylactic 1A treatment and mortality, and SAH deaths prevented. Using a payer perspective, a
lifetime horizon, and a willingness-to-pay of $150,000 per quality-adjusted life year (QALY)
gained, we applied a 3% annual discounting rate to costs and effects and performed 1-way, 2-way,
and probabilistic sensitivity analyses. In a simulated cohort of 10,000 patients, no screening
resulted in a 10.1% lifetime incidence of SAH and 183 SAH-related deaths. Screening at ages 10,
20 and 30 years led to 978 prophylactic treatments for unruptured aneurysms, 19 procedure-related
deaths, and 65 SAH-related deaths. Screening at ages 10, 20 and 30 years was cost-effective
compared to screening at ages 10 and 20 years (ICER $106,841/QALY). Uncertainty in the
outcome after aneurysm treatment and quality of life after SAH influenced the preferred screening
strategy. In probabilistic sensitivity analysis, screening at ages 10, 20 and 30 years was cost-
effective in 41% of simulations and at ages 10 and 20 in 59% of simulations.

Conclusions: Our model supports the AHA/ACC recommendation to screen patients with CoA
for 1A and suggests screening at ages 10 and 20 or at 10, 20 and 30 years would extend life and be
cost-effective.
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Coarctation of the aorta (CoA) is a common congenital cardiac defect occurring in 4 per
10,000 live births.? Despite adequate relief of aortic arch obstruction, patients with CoA
suffer increased morbidity and reduced long-term survival.2:3 One of the etiologies for
premature morbidity and death is subarachnoid hemorrhage (SAH) secondary to ruptured
intracranial aneurysms (I1A), which occurs at a significantly younger age than in the general
population. By middle age, 10-13% of patients with CoA, compared with 3—7% of the
general population, have an IA on screening magnetic resonance angiography (MRA).4-9
Prophylactic treatment (endovascular or surgical) of 1As identified by screening may prevent
SAH.

Routine MRA screening of other populations at increased risk for 1As, such as those with a
first-degree relative with history of SAH, has been found to increase quality-adjusted life
expectancy and be cost-effective.10:11 Given the high prevalence of 1As in patients with
CoA, the 2018 American College of Cardiology (ACC)/American Heart Association (AHA)
Guideline for the Management of Adult Congenital Heart Disease and the 2015 AHA/
American Stroke Association Guidelines for the Management of Patients with Unruptured
Intracranial Aneurysms recommended screening patients with history of CoA for IA.
However, the timing and frequency of screening patients with CoA and its effectiveness
remain a critical knowledge gap.

Decision modeling is a valuable tool to inform clinical decision making in the setting of
tradeoffs and uncertainty through the integration of disparate sources of evidence. Tradeoffs
of different screening strategies include risks of false positives from screening that lead to
unnecessary further diagnostic tests and psychological distress, and morbidity and mortality
from preventative treatment of aneurysms that may never rupture. These risks vary with
timing and frequency of screening. Electing to not screen also carries risk of failing to detect
an aneurysm that may rupture with resultant high mortality. Patient preferences for different
outcomes need to be incorporated when alternative options are being assessed. A decision
model explicitly incorporates these potential tradeoffs and individual preferences for an
outcome.12 To inform clinical decision making, we developed a Markov model to evaluate
the clinical benefits and cost-effectiveness of screening strategies for 1A in patients with
CoA.

Methods

The data that support the findings of this study are available from the corresponding author
upon reasonable request.

Markov Model

We developed a Markov state transition model to simulate the natural history of aneurysm
development and rupture in patients with CoA to assess the benefits and cost-effectiveness
of magnetic resonance angiography (MRA) screening for 1A compared with no screening. In
a Markov simulation, the natural history of CoA is modeled by following a cohort of
hypothetical patients over time as they move among predefined states of health over time
until all have died (lifetime horizon). Figure 1 is a representation of the Markov health states
and events that may occur to patients in each health state. All patients enter the model at
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birth in the state “‘well with CoA and without aneurysm.” In the no screening strategy, a
patient without aneurysm has an annual risk of developing an 1A, remaining well, or dying
due to reasons other than ruptured 1A. Background mortality is determined by the age- and
sex-matched general population Centers for Disease Control and Prevention (CDC) life
tables and the standardized mortality ratio (SMR) for CoA.13.14 Once a patient develops an
IA, the aneurysm has an annual risk of growth or rupture. If it ruptures, those individuals
may survive, become disabled, or die. Those surviving carry an increased annual mortality
and if disabled, both impaired quality of life and even higher annual mortality.

In the screening strategy, patients are initially screened depending on the specific start age
for that strategy and thereafter depending on the screening strategy’s frequency and stop age.
If an 1A is detected by screening MRA, it may be a true or false positive, according to the
sensitivity and specificity of MRA. Patients with false negatives enter the state of ‘well with
unknown aneurysm’ and have an annual risk of 1A rupture and growth. Patients with a true
positive are surveilled annually by MRA. Patients with a false positive enter the state of
“false positive’ and undergo surveillance until a negative test obtained. They continue to
have a risk of developing an actual 1A with a true positive according to the test sensitivity
and specificity.1® Screen detected IA =5 mm or an IA <5 mm with interval growth are
prophylactically treated with clipping or endovascular coil, as determined by published rates
of endovascular treatment in the US.16 Preventative clipping and coiling have associated
risks of disability and death. Patients in the screening strategy may suffer hemorrhagic
stroke secondary to 1) rupture of an aneurysm below the prophylactic treatment threshold
(<5 mm), 2) rupture of an aneurysm that developed or grew in the interval between
screenings, or 3) a false negative screen. Following clipping or coiling, patients are
surveilled annually by CTA or MRA, respectively, and have a risk of rupture and of
aneurysm recurrence according to the treatment modality received. Aneurysms that recur
and necessitate re-intervention receive endovascular therapy consistent with national rates
and undergo surveillance with CTA if they ever received a clip. As in the no screening
strategy, patients in any health state may die from competing causes unrelated to an 1A.
Supplemental Figure 1 demonstrates a simplified version of the model for one health state.
All analyses were performed using TreeAge Pro (2018), Microsoft Excel (2017), and
Parameter Solver (Version 3.0, University of Texas MD Anderson Cancer Center). The study
was exempt from Institutional Review Board approval due to the use of previously published
data.

Strategies

We compared the natural history without screening to various screening strategies. Initial
age, final age, and interval of screening were varied to identify optimal strategies. Initial
screening age was assessed from ages 10-25 years. Our model does not consider screening
patients younger than age 10 because of the risks of anesthesia necessary for performing an
MRA. Final age and interval of screening were assessed from ages 20-80 years and every 1—
10 years, respectively. Screening is assumed to be performed by non-contrast 3D time-of-
flight MRA without additional MRI (base-case).
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Data

Transition Probabilities

We assigned transition probabilities using data available from the literature. Distributions
and ranges were defined for each model input to reflect parameter uncertainty (Tables 1 and
2).

Development of IA

The rate of 1A development in patients with CoA remains unknown. Prior studies found a
prevalence of 1A in CoA patients of 10.3%, 11.0%, and 12.9% at mean ages of 29, 33, and
41 years, respectively.4-8 Therefore, we calibrated the probability of IA formation to
minimize the least square difference between model prediction of IA prevalence and
observed estimates. All patients were considered aneurysm-free at birth. Calibration resulted
in a probability of 1A development of 0.439% per year (Supplemental Figure 2). The rate of
aneurysm development is assumed to be constant throughout life. The 95% confidence
interval for 1A development was derived from calibrating the rate to the 95% CI for
prevalence estimates.

Growth, Rupture, Treatment of 1A

In the absence of CoA-specific data, 1As in patients with CoA were assumed to grow at the
same rate as the general population. Growth was defined as the probability of IA <5 mm
increasing in size to =1.0 mm or undisputable change in aneurysm shape (i.e. change from
regular shape to irregular shape) as per Backes D., et al.18 All aneurysms were assumed to
start small and then either stay small or grow. Similarly, the risk of rupture was determined
by size < or =5 mm19 and was considered to be equivalent to that of aneurysms occurring in
the general population in the base-case. In sensitivity analysis, the hazard rate ratio for risk
of rupture in CoA relative to the general population was varied from 0.75 to 2.0 to determine
the effect on model results. Risk of rupture of large aneurysms was modeled as a hazard rate
ratio of risk of rupture for small aneurysms to facilitate sensitivity analyses. Probability of
death following SAH was age-dependent.28 Probabilities of disability or death following IA
clipping or endovascular treatment were determined by a secondary analysis of data from a
pragmatic meta-analysis of clipping versus coiling for 1A including only studies that
reported mortality and disability (Supplemental Table 1).28 Random effects method was
used to account for between study variance. Following survival of SAH without disability,
annual mortality was determined by age- and sex-matched general population CDC life
tables, SMR for CoA, and relative survival ratio for SAH compared to general population.
13,14.22 Annual mortality due to disability secondary to SAH or prophylactic treatment was
determined from a study of aneurysmal SAH survivors in nursing homes.23

Utilities
Health-related quality of life values (utilities) were assigned to all health states from the
literature with Death given a utility of 0 by convention (Table 2)30-33, The negative effect of

a true or false positive screen was assumed to persist for three months.19:32 The positive
effect of a negative screen was not included in the base-case to avoid biasing the results in
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favor of screening. As data regarding the transient utility decrement for prophylactic
treatment were lacking, patients received a short-term utility deduction equivalent to the
average length of stay of prophylactic clipping (4.1 days) or endovascular treatment (2.2
days).33 Quality of life data were derived from adults and assumed to be equivalent in
children and adolescents due to absence of validated utility measures in the pediatric
population with CoA.

Costs

The model applies the payer perspective. Costs for MRA, CTA, aneurysm treatment, SAH,
and long-term disability were derived from the Centers for Medicare and Medicaid Services
(CMS) and previously published estimates.34-36 In the base-case, the non-contrast MRA
excluded the additional cost of a brain MRI, which may occasionally be obtained in some
cases. As cost of prophylactic treatment varies according to the outcome, individual costs
were assigned for clipping or endovascular treatment complicated by disability or death. The
95% confidence intervals for cost of MRA and CTA were derived from the CMS geographic
ranges and calculated as per Hozo et al.3” Both costs and effects were discounted at an
annual rate of 3% per recommendations from the Second Panel on Cost-Effectiveness in
Health and Medicine.38 A half-cycle correction was applied. Costs were standardized to
2019 US dollars to account for inflation.

Cohort Analysis

Simulated cohort analyses for 10,000 individuals were performed to determine clinical
outcomes, including the life expectancy, quality-adjusted life expectancy, lifetime
cumulative incidence of prophylactic IA treatment and resulting mortality, and SAH deaths
prevented. To estimate the life expectancy, the software tracked the number of patients in
each health state at the end of each simulated year with each alive patient contributing 1
person-year to the total survival of the cohort. Quality-adjusted life expectancy reduces life
expectancy by a quality-adjustment factor, e.g., if a disabling stroke has a quality of life of
0.2, these individuals only receive credit for 0.2 quality-adjusted life years. The computer
simulation tracked the proportion of the cohort developing an aneurysm (any size, known or
unknown) and similarly tracked the cumulative probability of aneurysm rupture (status post
rupture, and dead secondary to aneurysm rupture) or prophylactic treatment (surgical or
endovascular treatment).

Cost-effectiveness Analysis

The primary outcome of the cost-effectiveness analysis is the incremental cost-effectiveness
ratio (ICER), which is the additional cost per additional benefit, as measured in QALYS,
when comparing strategies. Strategies are ranked from lowest to highest costs, and then the
effectiveness measures are compared. Strategies with higher costs but lower effectiveness are
eliminated from consideration. The remaining strategies are compared with the next cheaper
one based on the absolute difference in costs divided by the difference in effectiveness,
yielding the ICER. Less efficient strategies (those with higher ICER than a more expensive
strategy) are excluded. As recommended by the AHA/ACC panel on economic evaluation in
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cardiovascular disease, we considered cost-effective strategies to be those falling below a
willingness-to-pay threshold of $150,000 per QALY gained.39

Sensitivity Analyses

One-way and two-way sensitivity analyses were performed to determine the impact of
parameter uncertainty on the primary outcome. Upper and lower bounds used in sensitivity
analyses were based on 95% Cls unless otherwise noted. Probabilistic sensitivity analyses
with Monte Carlo simulation were performed to explore stochastic uncertainty (random
variability in outcomes between identical patients). These analyses examine the effect of
varying all parameters by sampling the value of each model parameter from mathematical
probability distributions (Tables 1 and 2). We used a hypothetical cohort of 10,000 persons
with 10,000 simulations.

Results

Cohort Analysis

Screening for IA in patients with CoA reduced the risk of SAH and increased life
expectancy compared with no screening. In a lifetime simulation of 10,000 CoA patients, no
screening resulted in a 10.1% lifetime risk of SAH at a median age of 44 years with 183
SAH-related deaths and 89 cases of permanent disability (Figure 2, Table 3). Screening at
ages 10, 20 and 30 years led to 978 prophylactic treatments for unruptured 1As at a median
age of 28 years with 19 procedure-related deaths (Table 3). Treatment, however, prevented
118 deaths from SAH and increased the median rupture age to 53 years (Figure 2, Table 3).

Cost-effectiveness Analysis

Screening at ages 10, 20 and 30 years was cost-effective versus screening at ages 10 and 20
(ICER $106,841/QALY) at a willingness-to-pay threshold of $150,000 per QALY gained
(Table 3). Strategies screening more frequently than every 10 years were not cost-effective
because they were more costly with fewer QALY or less efficient (higher ICER than a more
expensive option) (Supplemental Table 2). An additional screen at the age of 40, beyond
ages 10, 20, and 30 years, was not cost-effective (ICER $265,764) and screening beyond age
40 reduced QALY (Supplemental Table 2).

Sensitivity Analyses

The tornado diagram in Figure 3 illustrates results from one-way sensitivity analyses
examining the impact of uncertainty with respect to each input parameter on the ICER
estimate comparing screening at ages 10, 20 and 30 years to screening at only 10 and 20
years. Screening at ages 10 and 20 becomes preferred when risk of death or disability
following prophylactic clipping exceeds 10.4% or quality of life (utility) post SAH exceeds
0.84. Variables that accounted for less than 0.1% of total uncertainty were excluded.
Additional tornado diagrams comparing alternative strategies are available in Supplemental
Figure 3, and a one-way sensitivity analysis of probability of a small aneurysm growing =5
mm is available in Supplemental Figure 4.
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When considering all strategies, screening at ages 10, 20, and 30 remained cost-effective
through the entire plausible range of 1A development rates. If the hazard rate of 1A rupture in
patients with CoA exceeded 1.2 times the general population then screening at ages 10, 20,
30, and 40 years became cost-effective. We selected the base-case SMR of 4.3 (95% CI 3.7-
5.0)) from a US-based multicenter registry as it best represented the target screening
population and sensitivity analysis over the 95% CI did not alter the preferred strategy. In
extended sensitivity analysis for countries such as the UK with reported lower SMR, the
model supports an additional screen at age 40 if SMR is less than 2.8.1340 |f the cost of
MRA surpassed $828, which is nearly three times greater than the average CMS
reimbursement, screening at ages 10, 20 and 30 years would no longer be cost-effective and
screening only at ages 10 and 20 would be the optimal strategy.

In probabilistic sensitivity analysis, screening at age 10, 20 and 30 years, vs. 10 and 20 years
only, was cost-effective in 41% of simulations; screening at ages 10 and 20 years vs. 10
years only was cost-effective in 59% of simulations. No screening was not cost-effective in
any simulations when willing to spend $150,000 per QALY gained. Figure 4 displays these
results as a cost-effectiveness acceptability curve, showing the probabilities at which each
screening strategy would be considered cost-effective for various willingness-to-pay cost-
effectiveness thresholds.

Discussion

Our calibrated CoA Markov model to evaluate the clinical benefits and cost-effectiveness of
screening strategies for 1A in patients with CoA supports the AHA/ACC recommendation to
screen patients with CoA for IA and suggests that screening at ages 10 and 20 (per the
probabilistic sensitivity analysis) or at 10, 20 and 30 years (per the base-case deterministic
analysis) would prevent SAH, extend life, and be cost-effective.

The deterministic analysis applies our best point estimates (fixed numbers) of all parameters.
It predicts the overall average outcome when accounting for the uncertainties of having good
or bad outcomes. In this case, the strategy to screen at ages 10, 20, and 30 is preferred
because it yields the highest life expectancy gain at an ICER below the $150,000
willingness-to-pay threshold. This is the optimal choice for patients and clinicians if the goal
is to maximize life expectancy at an acceptable societal willingness to pay threshold.
Although parameters must be estimated, there remains some uncertainty surrounding each
parameter value. Results from our probabilistic sensitivity analyses showed that screening at
ages 10 and 20 years vs. screening at 10 years only had higher likelihood of an ICER below
the willingness-to-pay threshold (59%) than screening at ages 10, 20 and 30 years vs. 10 and
20 years only (41% of estimates < $150,000/QALY gained). This would be the optimal
choice for a policymaker who wants to have the highest likelihood that the strategy will be
“cost-effective.”

In the base-case analysis, screening beyond age 40 did not increase QALY due to the
morbidity associated with IA screening and treatment relative to the time necessary for an
aneurysm to develop, grow, and potentially rupture. However, if the life-expectancy of
patients with CoA increases (e.g., the SMR falls) or if patients with CoA have a higher risk
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of rupture than the general population (base-case analysis assumes risk equivalent to general
population), continued screening later in life may be beneficial and cost-effective. For
comparison, a prior model of screening strategies for people with a first-degree relative with
SAH, who are also at increased risk of 1A, found that screening at ages 40 and 55 was cost-
effective with a willingness to pay threshold of €20,000/QALY.10 Our model supports
screening at an earlier age in CoA than in those with a family history of SAH in part due to
the higher prevalence of IAs at younger ages and the increased mortality from other causes
in patients with CoA.10.11

Our model predicted a lifetime risk of SAH in the absence of screening of 10.1% (median
age 44 years). Lanz et al. estimated a 9.5% cumulative risk of stroke (ischemic or
hemorrhagic) in patients with left-sided congenital heart disease, which may be an
underestimate due to considering only ages 18 to 65. A Swedish registry study found only a
1% probability of SAH in patients with CoA up to the age of 40; however, given our model’s
estimated median age of SAH of 44 years, over half of SAHs may have been missed in their
cohort.#1 The model estimated median age of SAH is older than previously reported (44 vs.
23 years).” One possible explanation is that our model is calibrated to published prevalence
estimates at different ages and extends the time horizon to a lifetime. The risk of 1A rupture
in patients with CoA may exceed that in the general population and thus the model may
overestimate the median age of SAH. The relatively rarity of the condition limits accurate
risk assessment. Or alternatively, younger patients may have been preferentially included in
the prior administrative database study resulting in selection bias and underestimation of the
median age of SAH. Frequent screening could theoretically eliminate the risk of SAH in
CoA if it were not for the associated morbidity and mortality of prophylactic treatment. As
IA treatment strategies improve through advances in endovascular therapy, more frequent
screening may become clinically beneficial.

Aneurysm development rates were derived from calibrating the model to cross-sectional
prevalence estimates. The patients included in these cross-sectional studies were sampled
from tertiary centers and repaired during an earlier operative era when patients were often
older.>6:17:42 1t js unknown if repair at a younger age or aggressive management of
hypertension prevent A formation in CoA. Therefore, the development rate may be an
overestimate in younger patients with CoA. Sensitivity analyses, however, reveal that even if
the model is overestimating risk of 1A development and rupture, screening remains the
preferred strategy with regards to life expectancy and cost. In none of the probabilistic
sensitivity analysis simulations was “no screening” the preferred strategy. Centers should
continue to report 1A outcomes as they care for CoA patients to inform these estimates and
further research should be done to determine if treatment of risk factors reduces 1A
formation in CoA.

Besides the above assumptions, additional limitations merit consideration. First, the
correlation between rupture risk and aneurysm growth is tenuous, especially for small
aneurysms. While we selected best available evidence on rupture risk for small 1As, there
remains significant patient-level heterogeneity and variability in clinical practice.4344 As
more data emerge on risk features of small 1As, these should be incorporated in the model.
Second, quality of life parameters were derived from adult patients and assumed to apply to
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children and adolescents due to the relative rarity of SAH and absence of these data in the
pediatric population. It is unknown if the reduction in quality of life following an event
differs in children compared with adults. Third, anatomic distribution of IAs in patients with
CoA remains unknown, so we stratified rupture risk only by size and not location. If future
research determines that the distribution pattern of 1As in CoA differs from that in the
general population, this information should be incorporated into the model. Fourth, we
accounted for the negative impact of a positive screen on quality of life, but did not account
for the positive impact of a negative screen or the potential negative impact of forgoing
screening and its associated anxiety and possible regret if a SAH occurs. There is some
evidence that a negative screen in the setting of a known risk factor improves quality of life;
however, we elected to exclude this potential to avoid biasing the results in favor of frequent
screening.?® Fifth, costs included in the model are nationally representative and may
underestimate cost for younger individuals who are privately or commercially insured per
Congressional Budget Office analyses.4647 Finally, we do not consider the ionizing
radiation risks associated with endovascular treatment and lifelong surveillance by CTA for
those who have undergone surgical clipping. A prior simulation model estimates an excess
lifetime risk of cerebral malignancy of 0.115% for a 30-year-old man undergoing yearly
surveillance to age 81.48 Patients with congenital heart disease have an increased incidence
of malignancy, so consideration should be given to minimizing unnecessary radiation in this
population.49:50

In conclusion, our model supports the AHA/ACC recommendation to screen patients with
CoA for 1A and suggests screening at ages 10 and 20 or at 10, 20 and 30 years would extend
life and be cost-effective.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What is Known
. Patients with coarctation of the aorta have a high prevalence of intracranial
aneurysms and suffer subarachnoid hemorrhage at younger ages than the
general population.
What the Study Adds
. Our model supports the American Heart Association and American College

of Cardiology recommendation to screen patients with coarctation of the aorta
for intracranial aneurysms.

. Screening magnetic resonance angiography at ages 10 and 20 or at 10, 20 and
30 years would extend life and be cost-effective at a willingness-to-pay
threshold of $150,000 per quality-adjusted life year.
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Figure 1.
A simplified Markov state transition diagram. All patients with coarctation enter the model

at birth in the state ‘well” without aneurysm. Arrows show how patients can transition
among states at each cycle. Dashed lines represent prophylactic treatment. The health states
for retreatment of aneurysm recurrence have been excluded for simplicity. All states can
transition to ‘dead’ even if not explicitly drawn.
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Each bar represents a different screening strategy with increased screening episodes to the
right. The left y-axis is total deaths due to subarachnoid hemorrhage (blue; SAH) and
prophylactic treatment of an unruptured intracranial aneurysm (red) and the right y-axis is
median age at SAH (years) according to screening strategy.
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Screening Ages 10, 20, and 30 vs. Ages 10 and 20 Years
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Figure 3.
A tornado diagram of one-way sensitivity analyses to demonstrate the effects of varying

parameters on the incremental cost-effectiveness ratio (ICER) for screening at ages 10, 20
and 30 years versus at ages 10 and 20 years. The wider bars at the top have the greatest
effect on the ICER [quality of life post subarachnoid hemorrhage (SAH)], while variations
in inputs at the bottom have small effects. The willingness-to-pay (WTP) line is at an ICER
of $150,000. Variables that accounted for less than 0.1% of total uncertainty were excluded
from the diagram. Numbers in parentheses after the variables are the parameter ranges.
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No Screen

Screen
Screen
Screen
Screen

110, 20

: 10, 20, 30

: 10, 20, 30, 40
: 10

Cost-effectiveness acceptability curve. The y-axis shows the likelihood that each screening
strategy would be cost-effective for a given willingness-to-pay cost-effectiveness threshold

(x-axis). As the willingness-to-pay increases, increasing additional screening is

recommended. Note that Screen at age 10, 20, 30 and 40 is not cost-effective at any of these
willingness-to-pay thresholds. Each color represents a different screening strategy.
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Table 1
Base-case model values and ranges for sensitivity analyses
Variables Event Value Cases per 95% ClI Type of Source
event/ Distribution
population
(follow-up
years)
Initial Health State
Well Small 1A 0.00439 0.002-0.007 B 5617
Small 1A <5 mm Growth 0.057 15(61’19‘;84 B 18
0.0021- 19
Small IA <5 mm Rupture 0.0033 0.0051 B
Rupture
Large IA =5 mm (Hazard Rate Ratio for 12.24 7.15-20.93 Lognormal 19
Large vs. Small 1A)
Post endovascular * 572/5582 2
procedure Retreatment 0.058 w7 B
Post clipping Retreatment 0.0082 2/245 B 21
Death (Relative Survival
Post SAH without disability | Ratio for post SAH vs. 0.83 0.80-0.85 Lognormal 2
general population)
Post SAH with permanent 23
disability Death 0.16 56/92 (3.7) B
Probability of
Male sex 0.72 0.68-0.76 B 2
Endovascular treatment for 1A 0.63 7488/11829 B 3
Endovascular Treatment Complications
Permanent disability 0.059 0.038-0.081 B 2%
. 0.0046- 2%
Mortality 0.0076 0011 B
Surgical Clipping Complications
Permanent disability 0.080 0.020-0.14 B %
. 0.011 0.0046- 2
Mortality 0.017 p
Standardized Mortality Ratio for » 13
CoA vs. general population 4.3 3.7-50 B
Screening Test Characteristics
MRA sensitivity 0.96 0.85-0.99 B 2z
MRA specificity 0.93 0.85-0.97 B z
Subarachnoid Hemorrhage
i Age 28
Probability of death dependent B
Probability of permanent disability 0.11 213/1969 B 2

*
Excluding cases that were retreated as part of initial treatment episode
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Table 2

Base-case utilities, costs, and ranges for sensitivity analyses

Variable | Value | 95% ClI Type of Distribution | Source
Preference-based Quality of Life Scores for Model Health States (Utilities)

Health States

Well 0.92 0.89-0.94 B 30
Well after SAH 0.80 0.62-0.93 B 31
Disabled 0.22 0.18-0.26 B 3
Short-term Utility Reductions (days) *

Positive MRA -9.1 -20.1,-2.6 B 32
Endovascular Treatment =22 3
Clipping -3.7 33

Costs

MRA $283 $245-$322 Yy 34
CTA $300 $262-$339 Yy 34
SAH $72,177 | $36,643-$141,709 Yy 34
Endovascular Treatment $30,688 | $22,252-$40,459 ¥ 35
Endovascular Treatment: Disabled $48,298 | $30,322-$70,391 7 ¥ 3
Endovascular Treatment: Death $73,300 | $54,580-$94,738 ¥ 35
Clipping $28,112 | $15,648-$44,166 y 3
Clipping: Disabled $43,154 | $21,145-$72,881 ¥ 35
Clipping: Death $81,826 | $23,072-$177,091 y 3
Disabled (per year in nursing home) $9,829 $0-$41,477 ¥ 36

*
Number of lost days of perfect health

fAssuming standard deviation of “Endovascular Treatment: Disabled”
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Table 3

Clinical Outcomes, Costs, and Incremental Cost-Effectiveness Ratios for Screening Strategies for 10,000
Patients with CoA

Screening Strategy | prophylactic Treatment SAH™ LE | QALY? | costt ICER
All Death MC All | Death | MC | (yr) (yr) (6] ($/QALY)
No Screen 0 0 0 1013 183 272 | 57.86 24.212 90 Reference
Age 10 381 8 61 729 132 197 | 57.99 24.246 1,617 45,921
Age 10, 20 701 14 107 515 94 140 | 58.06 24.260 2,562 65,243
Age 10, 20, 30 978 19 144 353 65 96 58.08 24.266 3,157 106,841
Age 10, 20, 30, 40 1203 23 171 244 45 67 58.10 24.267 3,613 265,764

MC = major complication (death or permanent disability); SAH = subarachnoid hemorrhage; LE = life expectancy; yr = year; ICER = incremental
cost-effectiveness ratio; QALY = quality-adjusted life expectancy

*
Number experiencing the outcome in a population of 10,000 patients with CoA
fOnIy initial treatment, excludes re-treatment

’tQALYs and costs discounted at 3% per year
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