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Objectives: A systematic review of the cost-effectiveness of abdominal aortic aneurysm
(AAA) repair was conducted. Although open surgery has been considered the gold
standard for prevention of AAA rupture, emerging less-invasive endovascular treatments
have led to increased interest in evaluating the cost and cost-effectiveness of

treatment options.

Methods: A systematic review of studies published in MEDLINE between 1999 and 2005
reporting the cost and/or cost-effectiveness of endovascular and/or open surgical repair of
nonruptured AAAs was conducted. Case series studies with less than fifty patients per
treatment were excluded.

Results: Of twenty eligible articles, three were randomized controlled trials, twelve case
series, four Markov models, and one systematic review. Regardless of time frame, all
studies found that endovascular repair costs more than open surgery. Although the high
cost of the endovascular prosthesis was partially offset by reduced intensive care, hospital
length of stay, operating time, blood transfusions, and perioperative complications,
hospital costs were still greater for endovascular than open surgical repair. For patients
medically fit for open surgery, mid-term costs were greater for endovascular repair with no
difference in overall survival or quality of life. For patients medically unfit for open surgery,
endovascular repair costs more than no intervention with no difference in

survival.

Conclusions: Although conclusions regarding the cost-effectiveness of AAA treatment
options are time dependent and vary by institutional perspective, from a societal

This article was prepared by the Minnesota AHRQ Evidence-based Practice Center, Minneapolis, Minnesota, under AHRQ contract no. 290-02-0009. The
principal investigator had full access to all of the data in the study and takes responsibility for the integrity of the data and the accuracy of the data analysis.
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perspective, endovascular repair is not currently cost-effective for patients with large AAA

regardless of medical fitness.

Keywords: Aortic aneurysm, Abdominal, Cost-effectiveness, Systematic review, Blood

vessel prosthesis, Surgical procedures, Operative

Ruptured abdominal aortic aneurysm (AAA) is the thir-
teenth leading cause of death in the United States and tenth
among older men (20;21), accounting for approximately
9,000 deaths annually (16). Some 30,000-40,000 patients
undergo elective repair of the asymptomatic AAA to pre-
vent rupture, with perioperative mortality ranging from 2—8
percent (19;25).

Most AAAs remain asymptomatic for years, although
the risk of rupture and death increases with AAA diameter.
Management options include no treatment, active surveil-
lance and delayed repair, immediate open surgical repair, and
endovascular repair. Management is based on AAA diame-
ter defined for entry criteria into randomized trials as small
(AAA <5.5 cm in diameter) and large (AAA >5.5 cm), as
well as patient’s life expectancy and operative risk. Rec-
ommendations for AAA screening in high-risk populations
along with emerging less-invasive treatments have led to in-
creased interest in evaluating the cost and cost-effectiveness
of treatment options for unruptured AAA.

Although open surgery has been considered the gold
standard for prevention of AAA rupture, an estimated 20-50
percent of AAA could be amenable to endovascular repair
based on AAA size, morphology, and patient risk character-
istics (7;11;34). Open surgery has the mortality risk of major
vascular surgery with perioperative complications, including
myocardial and spinal cord ischemia, respiratory and renal
failure, ischemic colitis, and prosthetic graft infection (27).
Nevertheless, because the risk of rupture may be less than the
risk of intervention, early repair may not always be indicated.
Equally effective management options in preventing rupture
and prolonging survival with lower morbidity and similar or
reduced healthcare costs have been sought. As part of a larger
evidence report for the Agency for Healthcare Research and
Quality, this study assesses the cost and benefits for elec-
tive treatment options for unruptured AAA and focuses on
the relative costs and cost-effectiveness of open surgery and
endovascular repair (36).

MATERIALS AND METHODS

Literature Search

MEDLINE was searched for articles published between
1999 and 2005. Search terms included abdominal aortic
aneurysm combined with economics, nursing economics,
pharmaceutical economics, cost, pharmacoeconomics, cost
analysis, cost allocation, cost-benefit analysis, cost control,
cost savings, cost of illness, cost sharing, deductibles and
coinsurance, medical savings accounts, healthcare costs,

direct service costs, drug costs, employer health costs,
hospital costs, health expenditures, capital expenditures,
hospital economics, hospital charges, hospital costs, medical
economics, and medical fees.

Selection Criteria

Studies were eligible if they reported on the cost and/or cost-
effectiveness of endovascular and/or open surgery for elec-
tive repair of nonruptured AAA. Case series studies with less
than fifty patients per treatment were excluded. Study type,
intervention(s), main cost results, and measures of effective-
ness data were extracted by a trained abstractor and reviewed
with study authors.

Statistical Analysis

Due to heterogeneity in study design, interventions, out-
comes and the type of costs (direct and indirect) reported,
explicit inclusion of cost categories, and the use of charges
versus costs, pooled data synthesis was not performed. Cost
estimates from randomized controlled trials and case series
are presented followed by the results of the Markov models
used to estimate the cost-effectiveness of open surgery versus
active surveillance for small AAA and endovascular versus
open surgery or endovascular versus no intervention for large
AAA.

RESULTS

Of the twenty included articles, four were Markov mod-
els (5;28;29;32), three were randomized controlled trials
(2;14;15), twelve were case series studies (1;4;6;8;10;13;18;
20;23;24;30;33), and one was a systematic review (26)
(Table 1). Twelve of the articles reported on a comparative
analysis of endovascular and open surgical repair (1;5;6;10;
13;14;18;23;26;28;29;33). Two reported on endovascular re-
pair compared with no intervention (one of which also re-
ported on endovascular and open surgery) (15;28), three on
endovascular repair only (4;24;30), two on open surgery ver-
sus active surveillance with selective open surgery (2;32),
and two on open surgery only (8;20).

Of the fifteen studies reporting cost data, four reported
direct variable costs only; (1;2;10;33) nine included both
direct and indirect costs (4;6;8;13;18;20;23;24;30) and the
remaining two did not explicitly state whether indirect costs
were included (14;15). Four studies used a timeframe of at
least 1 year (14;15;18;28).

Summarizing costs for these two procedures is com-
plicated, because these studies used different cost report-
ing strategies (Table 2). AAA repair costs should include
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Table 1. Overview of Studies

Author Publication Cohort Sample
Procedures (reference) Study type year year Country size (n) Timeframe Main cost results
EVAR, OSR Bosch (5) Markov model 2002 NA USA NA Lifetime $EVAR > $OSR
Patel (29) Markov model 1999 NA USA NA Lifetime $EVAR > $OSR
Michaels (28) Markov model 2005 NA UK NA 10 years $EVAR > $OSR
EVAR-1 (14) RCT 2005 1999 UK 543, 539 4 years $EVAR > $OSR
Angle (1) Retrospective 2004 2000-01 USA 55, 64 Initial hospitalization $EVAR > $OSR
Bosch (6) Retrospective 2001 1997-99 USA 181, 273 Initial hospitalization $EVAR > $OSR
Clair (10) Retrospective 2000 1998 USA 45, 94 Initial hospitalization $EVAR > $OSR
Dryjski (13) Retrospective 2003 2000 USA 73,57 Initial hospitalization $EVAR > $OSR
Hayter (18) Retrospective 2005 1995-2004 Australia 55, 140 Hospital + 1-year follow-up $EVAR > $OSR
Lee (23) Retrospective 2004 2001 USA 2565, 4607 Initial hospitalization $SEVAR > $OSR
Sternbergh (33) Retrospective 2000 1996-97 USA 131, 49 Initial hospitalization $EVAR > $OSR
Mabher (26) Systematic review 2003 NA NA NA NA $EVAR > $OSR
EVAR, NT Michaels (28) Markov model 2005 NA UK NA 10 years $EVAR > $AS
EVAR-2 (15) RCT 2005 1999 UK 166, 172 4 years $EVAR > $AS
EVAR only Prinssen (30) Retrospective 2004 1994-2000 Netherlands 77 Follow-up surveillance $EVAR only
Bertges (4) Retrospective 2003 2000-01 USA 221 Initial hospitalization $EVAR only
Lester (24) Retrospective 2001 1994-99 USA 91 Initial hospitalization $EVAR only
OSR, AS UK SAT (2) RCT 1998 1991-95 UK 563, 527 18 months postrandomization $OSR > $AS
Schermerhorn (32) Markov model 2000 NA UK NA lifetime $OSR > $AS
OSR only Brox (8) Retrospective 2003 1997-2000 USA/Canada 297/176 Initial hospitalization $OSR only
Huber (20) Retrospective 2001 1994-96 USA 16450 Initial hospitalization $OSR only

Note. EVAR, endovascular repair; OSR, open surgical repair; NT, no treatment; AS, active surveillance; RCT, randomized controlled trial; NA, not applicable; UK SAT, United Kingdom Small Aneurysm
Trial; $SEVAR and $OSR, costs associated with EVAR and OSR, respectively.
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Table 2. Cost Analyses Findings

Study (reference) EVAR-1 (14) Angle (1) Bosch (6) Clair (10) Dryjski (13) Hayter (18) Lee (23)
Hospital costs Hospital costs Hospital costs Hospital costs Hospital costs Hospital costs Hospital charges
Type of cost data (source) (UK NHS) (unspecified) (TSI) (TSI) (unspecified) (Medicare rates) (National Inpatient)
Type of study RCT Retrospective Retrospective Retrospective Retrospective Retrospective Retrospective
Direct and/or indirect costs Unclear Direct only Direct & indirect Direct only Direct & indirect ~ Direct & indirect Direct & indirect
Currency UK pound US dollar US dollar, 1999 US dollar US dollar US dollar, 2003/04 US dollar, 2001
Cohort 1999-2003, UK 2000-01 1997-99 1998 2000 1995-2004 2001
EVAR OSR EVAR OSR EVAR OSR EVAR OSR EVAR OSR EVAR OSR EVAR OSR
Initial ER evaluation N N ? Y N N N
Preop/preop diagnostics N N ? N N Y N
Total preop N N ? N N $733 $663 N
Prosthetic device Y Y $7,000 $600 $8,976 $597 $12,974 $750  $7,765 $363 $10,000 ?
-$12,000
% Costs due to prosthesis ? 58% 6% 34% 3% ? 78% 8% 49% 3% ?
Operating room Y Y Y Y Y Y ?
Surgeon fees ? ? N N N Y ?
Nursing ? Y Y Y Y Y ?
Anesthesia ? ? Y Y N Y ?
Medical/surgical supplies ? Y Y Y ? Y ?
Respiratory/ventilation ? Y ? ? N Y ?
Pharmacy ? Y ? Y N Y ?
Radiology ? Y Y Y N Y ?
Blood/transfusion Y ? ? Y ? ? ?
Laboratory ? Y ? Y N ? ?
Postop ICU Y Y Y Y Y Y ?
Postop ward Y Y Y ? Y Y ?
Post diagnostic ? N ? ? ? Y ?
Patient cost-time, morbidity N N N N N N N
“Other” Y ? ? Y ? ? N
Total hospitalization £10,819  £9,204 EVAR=1.7xOSR $20,716 $18,484 EVAR=O0SR + $7205 $16,731 $9,042 $15,898 $13,400  $50,346 $47,009
Total preop + hosp. N N N N N $16,631  $14,063 N
Radiology follow-up Y N N N N Y N
Endoleak repair Y N N N N Y N
Conversion to OSR Y N N N N None needed N
“Adverse events” Y N N N N Y N
Patient cost-time, morbidity Y N N N N Y N
Total follow-up £2,439 £741 N N N N $2,013 $59 N
£13,258 at £9,945 at N N N N $18,644 at $14,122 at N
Grand total
4 years 4 years 2 years 2 years

Y and N, explicitly included/not included cost; ?, cost not mentioned or inclusion/exclusion uncertain; EVAR, endovascular repair; OSR, open surgical repair; AS; active surveillance; TSI, Transition
System, Inc., hospital accounting system; UK NHS, United Kingdom National Health Service; RCT, randomized controlled trial; UK SAT, United Kingdom Small Aneurysm Trial; ICU, intensive care
unit.
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Table 2. Cost Analyses Findings (cont.)

Study (reference)

Sternbergh (33)

EVAR-2 (15)

Prinssen (30)

Bertges (4)

Lester (24)

Brox (8)

UK SAT (2)

Huber (20)

Type of cost data
(source)

Type of study

Direct and/or
indirect costs

Currency

Cohort

Hospital costs
(unspecified)

Retrospective
Direct only

US dollars
1996-97

hospital costs
(UK NHS)
RCT
Unclear

UK pound
1999-2003, UK

Hospital
costs
Retrospective

Direct & indirect Direct & indirect Direct & indirect

US dollar
19942000

Hospital
costs
Retrospective

US dollar
2000-01

Hospital costs
(TSI)
Retrospective

US dollar
1994-99

Hospital costs

(TSI
Retrospective

Direct & indirect

US dollar, 2000
1997-2000

Hospital cost
(UK NHS)
RCT
Direct only

UK pound
Unknown

Hospital
charges
Retrospective
Direct & indirect

US dollar 1996
1994-96

EVAR OSR

EVAR AS

EVAR

EVAR

EVAR

OSR-USA OSR-Canada

AS OSR

OSR

Initial ER evaluation

Preop/preop
diagnostics

Total preoperative

?
Y

$1,100  $644

?
?

9

Y
?

?
?

Prosthetic device
% Costs due to
prosthesis
Operating room
Surgeon fees
Nursing
Anesthesia
Medical/surgical
supplies
Respiratory/ventilation
Pharmacy
Radiology
Blood/transfusion
Laboratory
Postoperative ICU
Postoperative ward
Post diagnostic
Patient costs-time,
morbidity
“Other”
Total hospitalization

$10,200  $653
51% 6%

- Z

Z o e

?
$20,150 $11,698

oz ZZ

B

K Z o o o o

£11,016  £3,518

~Z|z ZZ

~Z 2Z22Z22Zz2ZZ Z2ZZZZ

$13,191
57%

ZHRHRHRKHRKHRAKAK "< Z

?
$23,042

'z

KKK ZA

Ko Z

$19,000

o

ZHRHKHKRKARARARK KKK Z

0

$16,000

-~

D D D D D

= - ADCHS JECIPCINCES RO

£3,914 £4,978

D D D D D 2|2 Z Z

Z 0 0 0 D D 0 0 e

?
$35,681

Subtotal

$21,250 $12,342

N

$11,842

?

N

Radiology follow-up

Endoleak repair

Conversion to OSR

“Adverse events”

Patient costs-time,
morbidity

Total follow-up

22227

K| 2

£2,616 £1,465

Z oK< Z

$9,729 - 5 year

NN D D D

N D D D D

Grand total

-~

£13,632 at £4,983 at
4 years 4 years

?

Z|\z zZ2Z2ZZZ

zZ|\Z2 zZzzzzZ2z

z|\Z Z2zzzZZ

Y and N, explicitly included/not included cost; ?, cost not mentioned or inclusion/exclusion uncertain; EVAR, endovascular repair; OSR, open surgical repair; AS; active surveillance; TSI, Transition
System, Inc., hospital accounting system; UK NHS, United Kingdom National Health Service; RCT, randomized controlled trial; UK SAT, United Kingdom Small Aneurysm Trial; ICU, intensive care

unit.
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preoperative costs, surgical team and hospitalization costs
associated with the initial procedure, the costs of the en-
dovascular repair prosthesis and subsequent postoperative
surveillance, interventions, hospitalizations, and drug treat-
ment. However, the majority of the studies did not include
pre- or postoperative costs (beyond 30 days of the initial hos-
pitalization) and did not include surgeon fees within the cost
of the initial hospitalization.

Small AAAs <5.5cm

In a randomized controlled trial conducted in the United
Kingdom, the mean cost of treatment for patients in the
early immediate open surgery group was significantly higher
than that for ultrasonographic surveillance with delayed open
surgery (£4,978 and £3,924, respectively) (2). No reduction
in all-cause mortality was realized (2;22). Outcomes did
not differ significantly by treatment according to age, gen-
der, or aneurysm diameter, although few women were en-
rolled.

Despite these published findings, another study used a
Markov model based on the UK trial data and concluded
that early open surgery was modestly cost-effective for pa-
tients with small AAAs ($10,800/quality-adjusted life-year
[QALY]), particularly among younger patients (<72 years
of age) (32). However, because the UK trial found that
active surveillance with delayed open surgery resulted in
approximately one-third fewer surgical repairs as well as
similar survival and quality of life and fewer complica-
tions at lower cost compared with early open surgery, it is
difficult to conclude that early open surgery may be cost-
effective.

Large AAAs >5.5cm

Although the studies had no uniform size criteria, most pa-
tients included in studies evaluating endovascular and open
surgical repair (and all but one of the Markov model re-
ports) involved large AAAs>5.5 cm in diameter. Hospi-
talization costs for the initial endovascular procedure ranged
from $16,000 to $23,000 (4;22), whereas open surgical repair
costs ranged from $9,000 to $18,500 (4;13). Studies explic-
itly excluding several care categories from the cost analyses
led to relatively low hospitalization cost estimates (e.g., anes-
thesia, respiratory care, pharmacy, radiology, and laboratory
tests (13)), whereas those including a very comprehensive
list of categories report higher hospitalization costs. The two
British endovascular randomized trials report relatively high
hospitalization costs of £10,819 (14) and £11,016 (15) for en-
dovascular repair and £9,204 for open surgical repair. As hos-
pital charges are generally higher than costs, studies relying
on hospital charges reported more expensive hospitalizations
than those relying on costs (20;23).

Cost estimates for the endovascular prosthesis range
from $7,000 reported for a 1997-99 patient cohort to $13,000

reported for a patient cohort from 2000 (6;13). The prosthesis
accounts for 34 percent and 78 percent of the total hospital-
ization costs reported in these two studies, respectively, with
the differences in percentages largely a reflection of how
comprehensively the authors itemized costs. Bosch et al. (6)
relied on prosthesis costs near the time of commercialization
and estimated a low price for the prosthesis relative to the
cost of the hospitalization. Thus, total hospitalization costs
for endovascular repair, the difference in the cost of endovas-
cular repair relative to open surgery, and the percentage of
total hospitalization costs attributable to the prosthesis were
underestimated. In contrast, Dryjski et al. (13) excluded sev-
eral categories of necessary hospital services from the cost
estimate and underestimated the cost of the hospitalization
relative to the prosthesis.

None of the studies reported on the cost of the training
required by surgeons to perform endovascular repair or to
acquire new equipment. This training can include attending
1- to 3-month training courses at a cost of $30,000 and pur-
chasing portable fluoroscopy units that cost approximately
$250,000 (9).

Although the initial hospitalization for endovascular re-
pair results in shorter length of stay (LOS) (14) and less in-
tensive care unit (ICU) use (10;13) than open surgery (1;33)
(Table 3), all of the studies found that the cost of the initial
hospitalization was higher for endovascular repair, primarily
due to the high cost of the prosthesis.

Two randomized controlled trials provide evidence that
there is no difference in overall survival between endovascu-
lar repair and open surgery 2 years following the initial hos-
pitalization. Although differences in health-related quality of
life favored endovascular repair, they were small and disap-
peared after 3 months. Nevertheless, postoperative compli-
cations, including endovascular prosthesis-related ruptures,
infections, endoleaks, thrombosis, or other surgery requiring
re-exploration of open surgery, were five times more common
with endovascular repair as with open surgery (14). Reinter-
ventions occurred three times as often in the endovascular re-
pair group. As a result, endovascular repair costs were higher
than open surgical costs at 4 years (£13,258 versus £9,945)
(14). A retrospective review from Australia also reported
greater costs at 2 years of follow-up for patients treated with
endovascular repair ($18,644) than open surgery ($14,122)
(18).

Only one randomized controlled trial evaluated costs and
outcomes of endovascular repair versus no intervention for
patients with large AAAs who were judged medically unfit
for open surgery (15). Endovascular repair resulted in a 30-
day mortality of 9 percent, did not improve all-cause or AAA
survival compared with no intervention at 4 years, did not
improve health-related quality of life, was associated with a
need for continued surveillance and reinterventions, and re-
sulted in higher costs. Endovascular repair substantially in-
creased the cost of the primary hospital admission (£11,016
versus £3,518) and at 4 years (£13,632 versus £4,983).
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Table 3. Studies Reporting Hospital and ICU Length of Stay

Cost-effectiveness of AAA repair: A systematic review

Author Treatment Hospital LOS Hospital LOS ICU LOS ICU LOS
(reference) arm Total N Mean days Range or SD Mean days Range or SD
EVAR-1 (14) EVAR 543 10.3 17.8 SD i 3.8SD
OSR 539 15.7 16.9 SD 24 59SD
Angle (1) EVAR 55 1.96 (median =1) 1.5SD .09 29 SD
OSR 64 7.3 (median = 6) 8.3 SD 35 7.36 SD
Bosch (6) EVAR 181 NR NR 1.2* (median=1) 4SD; 1t02
OSR 273 NR NR 2.3* (median=1) 2.1SD; 1to 12
Clair (10) EVAR 45 32 1.4 SD .06 .25SD
OSR 94 9.7 4.8 SD 2.97 3.02SD
Dryjski (13) EVAR 73 4.9 13.4 SD 1.4 7.1 SD
OSR 57 12.6 14.8 SD 5.0 6.1 SD
Hayter (18) EVAR 55 6 (median) 41024 0 (median) Oto3
OSR 140 10 (median) 6 to 46 1 (median) 1to 19
Lee (23) EVAR 2,565 3.6 (median =2) 595D NR NR
OSR 4,607 8.8 (median =7) 7.8 SD NR NR
Sternbergh (33) EVAR 131 39 3.6 SD 1.1 2.0SD
OSR 49 8.0 5.8 SD 2.0 2.3SD
Bertges (4) EVAR 221 2.4 NR NR NR
Lester (24) EVAR 91 35 2.3SD NR NR
Huber (20) OSR 16,450 10 (median = 8) 8.1 SD NR NR

2 Includes only subjects staying 1 day or longer.

EVAR, endovascular repair; OSR, open surgical repair; AS, active surveillance; NR, not reported; LOS, length of stay; ICU, intensive care unit; SD,

standard deviation.

The authors saw no reason to pursue cost-effectiveness
modeling.

Markov Methodologies

Table 4 summarizes studies that used Markov methodolo-
gies to analyze differences in the cost and effectiveness of
endovascular repair and open surgery over a patient’s life-
time (5;28;29). All three found that endovascular repair was
more expensive. As reported for the case series studies, the
Markov studies were inconsistent in terms of enumerating
what categories of care were considered in evaluating costs.

Two of the Markov studies comparing endovascular re-
pair and open surgery were based on U.S. costs and out-
comes and report a higher quality of life with endovascular
repair (5;29). The incremental cost-effectiveness ratios were
$9,905 per QALY and $22,826 per QALY. Using assump-
tions of effectiveness based on case series data, Patel et al.
(29) concluded that the benefits were worth the cost with
the qualification that their results were highly dependent on
their assumptions regarding mortality and morbidity. They
reported that endovascular repair may be more cost-effective
than open surgery if endovascular repair operative mortal-
ity rates were less than 1.2 percent and the open surgery
mortality rates were higher than 1.7 percent. Bosch et al.
(5) also used case series data as the basis for their model,
they reported the sensitivity of their conclusions to endovas-
cular prosthesis performance in terms of long-term failure
and rupture rates. Although both authors varied analytical
assumptions and conducted sensitivity analyses, they did not
vary their assumptions simultaneously by using probabilis-

tic sensitivity analyses to fully test the robustness of their
findings (12;17;35).

In a more recent and rigorous approach to Markov mod-
eling, Michaels et al. (28) used probabilistic sensitivity anal-
yses and used short-term, but not mid-term, outcome data
from the UK trials. With an incremental cost-effectiveness
ratio well above accepted norms (£110,000 per QALY), they
concluded that endovascular repair was not a cost-effective
alternative to open surgery (17;37). Regardless of the time
frame, the cost-effectiveness of endovascular repair and open
surgery was sensitive to assumptions regarding lower early
morbidity for endovascular repair, higher open surgery op-
erative mortality rate, increased need for follow-up care for
endovascular repair, higher reintervention/complication rates
for endovascular repair, and higher healthcare costs.

Michaels et al. (28) also reported that endovascular re-
pair was cost-effective compared with no intervention in in-
dividuals with large AAAs who were judged unfit for open
surgery. However, they did not use the previously described
4-year outcomes and cost results from the UK trial that di-
rectly compared endovascular repair with no intervention
(15).

DISCUSSION

Conclusions about the cost-effectiveness of AAA repair are
time dependent. Studies conducted within a relatively short
timeframe fail to adequately address the long-term benefits,
harm, or costs associated with endovascular repair. Because
open surgery has more frequent and severe early morbid-
ity than endovascular repair, it could result in a longer and
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Table 4. Markov Model Results

‘e 10 juop

Study (reference) Bosch (5) Patel (29) Michaels (28) Schermerhorn (32)
Source of costs Hospital costs, Medicare Hospital costs, Medicare National Health Service (NHS), Hospital costs (UK NHS),

reimbursement rates reimbursement rates Sheffield Teaching Hospitals, NHS Trust UK Small Aneurysm Trial
Direct and/or Direct & indirect Direct & indirect Unclear Direct

indirect costs
Currency US dollar, 2000 US dollar, 1997 £UK, 2003-04 £UK *1.6 = $US, 1996-97
Treatment arm EVAR OSR EVAR OSR EVAR, OSR EVAR, AS OSR AS
Reference case 70 years old 70 years old 70 years old 60-76 years old
AAA diameter 5-6cm Scm 5.5cm 4-5.5cm
Risk group Fit for either treatment Fit for either treatment Fit for either treatment Fit for OSR
Time horizon Lifetime Lifetime 10 years 6 years, lifetime
Discount rate 3% 3% 3.50% 3%
Inflation measure CPI medical care CPI medical care ? ?
Baseline operative mortality rate 3% 4% 1.20% 4.80% 1-85%, 5-80% range 5-80% 5.8% elective
QOL scores —10%for 30d —30%60d QALY-11d QALY-47d QALY-30d, QALY-14d ; base QOL =.8 Baseline QOL = .86
QOL adjustment for complications Y Y ? Y
Software DATA 3.5 (TreeAge) SMLTREE v2.9 TreeAge Pro DATA 3.0 (TreeAge)
Probabilistic sensitivity analyses No. One & multiple way No. One & multiple way Yes No. One way
Initial ER evaluation N N ? N
Preop/preop diagnostics N N ? N
Total preoperative N N ? N
Prosthetic device cost N $8,000 $650 ? ?
Prosthetic device used N 10% tube, 90% bifurc ? ? ?
% Costs due to prosthesis ? 40% 4% ? ?
Operating room ? Y ? Y
Surgeon fees Y Y ? ?
Nursing ? ? ? ?
Anesthesia ? Y ? ?
Medical/surgical supplies ? Y ? ?
Respiratory services/ventilation ? ? ? ?
Pharmacy ? ? ? ?
Radiology ? Y ? Y
Blood/transfusion ? Y ? ?
Laboratory ? Y ? ?
Postoperative ICU ? Y ? ?
Postoperative ward ? Y ? ?
Post diagnostic ? Y ? ?
Patient costs (time, morbidity) Y Y ? ?
Total hospitalization $19,642 $23,484 $20,083 $16,016 ? ?
Subtotal N N ? ?
Imaging follow-up Y Y Y ?
Total follow-up Y Y ? ?
? $8,000 $6,490

Grand total (lifetime) $39,785 $37,606 $28,901 $19,314

Net cost (costs more) EVAR $2,179 more EVAR $9,587 more EVAR £11,449 EVAR £14,077 Early surgery $1,510 more
Net benefit (yields more QALY’) EVAR .22 QALYs more EVAR .42 QALYs more EVAR .1 QALYs EVAR 1.6 QALYs Early surgery .14 QALYs more
Incremental cost-effectiveness ratio $9,905/QALY $22,826/QALY £100,000/QALY £8,579/QALY $10,800/QALY

Y and N, explicitly included/not included cost; ?, cost not mentioned or inclusion/exclusion uncertain; EVAR, endovascular repair; OSR, open surgical repair; AS, active surveillance; QOL, quality of life;
QALY, quality-adjusted life-year; CPI, Current Price Index; UK NHS, United Kingdom National Health Service; ICU, intensive care unit; AAA, abdominal aortic aneurysm; ER, emergency room.
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more costly hospital stay and subsequent greater duration
of impaired functional status and quality of life. Decreased
operative mortality rates associated with endovascular repair
may be offset by higher complication rates later in life. If
follow-up costs associated with complications and reinter-
ventions for endovascular repair are ignored, then endovas-
cular repair’s low operative mortality rates favor endovas-
cular repair and may lead to the premature conclusion that
endovascular repair is a cost-effective alternative to open
surgery. Mid-term results from randomized controlled trials
demonstrate that, compared with open surgery, endovascular
repair did not improve all-cause mortality or health-related
quality of life, costs more, and led to more complications and
reinterventions. No studies assessed long-term outcomes for
endovascular repair relative to open surgery. Because of the
time-dependent nature of these differences in outcomes, the
long-term implications of the differences in mortality and
morbidity are important for evaluating AAA repair options.

Regardless of the time frame, all studies found that en-
dovascular repair costs more than open surgery. Studies fo-
cusing on hospital costs generally found that endovascular
repair costs more to perform than open surgery, primarily
due to the cost of the prosthesis. Studies accounting for the
cost of these prostheses should be aware of the difference
between production costs and commercial pricing. Endovas-
cular prostheses first received Food and Drug Administration
(FDA) approval in 1999 (3). Once they became commer-
cially available, market prices reflect charges as opposed to
production costs. The cost of the prostheses are partially off-
set by reduced operating room and ICU use, length of stay,
blood transfusions, and perioperative complications during
the initial hospitalization. Although refinements in endovas-
cular repair technology and operator experience may result
in improved outcomes over time, currently, survival associ-
ated with AAA repair is generally equivalent over the mid-
to long-term. Thus, any potential advantage to endovascu-
lar repair versus open surgery lies early in the care process,
for example, fewer complications, reduced hospital length of
stay, and so on. Hence, from a cost perspective, they have
value primarily where early return to work is crucial.

From the perspective of cost, different audiences have
different concerns. Traditional economic analyses focus on
the cost to the economy of delivering each element of ser-
vice. However, policy makers may be more interested in the
payments they must underwrite than in the economic cost
of a procedure. In the United States, where Medicare pays
for hospital care using diagnosis-related groups, differences
in the costs of the prosthesis or even in lengths of stay may
not be relevant to Medicare, because they are all folded into
the overall payment. However, those differences are very
salient to hospitals that must bear them. Third-party payers,
hospitals, and healthcare providers each formulate their own
institutional perspective on costs and effectiveness that de-
pends on the extent and duration of their responsibility for
the financing and/or provision of care.

Cost-effectiveness of AAA repair: A systematic review

Extrapolating the cost experience in one country to an-
other with a different health care and payment system is
difficult. No consensus on comparing results of economic
analyses across countries exists. Simply factoring in the for-
eign exchange rate overlooks the variance in utilization and
cost estimates across countries due to differences in physi-
cian practice patterns, resource valuation, and resource use
(31). Although mid-term outcomes from the European ran-
domized controlled trials indicate that endovascular repair
is not superior to open surgery and costs more, the cost-
effectiveness of endovascular repair relative to other options
in the United States awaits the completion of long-term ran-
domized controlled trials.

CONCLUSIONS

For patients with AAA <5.5 cm, immediate open surgery
costs more than active surveillance with selective open
surgery with no improvement in survival. Among patients
with AAAs>5.5 cm in diameter considered medically fit
for open surgery, endovascular repair has greater short- and
long-term costs with no improvement in overall survival or
quality of life beyond 1 year. Higher costs are attributable
to greater long-term complications, need for reintervention,
and long-term monitoring than open surgery. Among patients
with large AAAs considered medically unfit for open surgery,
endovascular repair costs more than no intervention with no
improvement in overall or AAA survival.

POLICY IMPLICATIONS

Although conclusions regarding the cost-effectiveness of
AAA treatment options vary by institutional perspective and
are time dependent, from a societal perspective, current evi-
dence indicates that endovascular repair is not a cost-effective
treatment option regardless of medical fitness. However, be-
cause the randomized controlled trials evaluating endovas-
cular and open surgical repair were conducted outside of the
United States, the endovascular prostheses may not currently
have U.S. FDA approval. Future randomized controlled trials
conducted in the United States evaluating the long-term ef-
fectiveness and cost-effectiveness of endovascular and open
surgical repair for medically fit patients and endovascular
versus no intervention for patients judged medically unfit for
open surgery are needed.
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