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  Article Type

high-volume institutions with a pooled effect 
estimate for mortality of 0.66 (range: 0.65–0.67) 
at a minimum volume threshold of 43 elective 
AAA repairs per annum [4].

“The hypothesis that higher hospital 
operative caseload is associated with 

improved outcome from AAA repair has  
been reproducibly demonstrated in  

many healthcare systems.”

These data were based on OAR, however, 
which might be considered to be an increasingly 
historical procedure. The advent of EVAR has 
changed the provision of vascular surgery by 
allowing AAA repair at a lower mortality com-
pared with OAR. For example, the EVAR 1 
trial reported a reduction in 30‑day mortality 
from 4.7% after OAR to 1.7% after EVAR [5], 
and these findings were mirrored in both the 
Dutch Randomised Endovascular Aneurysm 
Management (DREAM) trial and USA Open 
Versus Endovascular Repair (OVER) trial [6,7]. 
However, there has been debate as to how 
EVAR is best delivered and as to whether the 
same volume–outcome relationships would be 
observed as with OAR.

Relationship between volume  
& outcome in EVAR
To date, two large population-based studies 
have examined the relationship between EVAR 
volume and outcome for elective AAA [8,9]. The 
findings from North America and the UK were 
concordant. In both studies, hospitals provid-
ing a higher annual caseload were more likely 
to operate on high-risk patients yet had lower 
in-hospital mortality, irrespective of the sur-
gical modality used. The American study of 
80,953  patients demonstrated signif icantly 
lower mortality for higher volume centers 
considering both OAR and EVAR together 
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The link between volume and outcome 
in endovascular aneurysm repair

In many healthcare systems, vascular surgery 
remains an evolving specialty that has developed 
from the generality of surgery along a devolved 
model of care. This has meant that vascular serv-
ices have been available in most hospitals with 
surgical capabilities, even when this has meant 
that the workload of individual units and sur-
geons was small. There is an increasing body of 
evidence that these vascular surgical procedures 
might be best placed within a centralized model 
of care to attain best outcomes.

The healthcare political landscape is evolving 
rapidly, with many countries now advocating 
specialization in surgical practice and region-
alization of complex services, which would 
include arterial surgery. The change in delivery 
of specialized services has been driven by the 
increasing complexity of cases undertaken and 
the advent of new technology, in tandem with a 
focus on reporting health outcomes [1,2].

Elective abdominal aortic aneurysm (AAA) 
repair remains the key indicator procedure for 
vascular surgical practice and the mainstay of 
management for patients with large AAA is elec-
tive surgical repair. In more recent years, endo
vascular aneurysm repair (EVAR) has become 
commonplace and now exceeds the number of 
open repairs performed in the USA. Elective 
aneurysm surgery remains a procedure with 
significant morbidity and mortality as patients 
have comorbid risk factors, including significant 
cardio–respiratory disease and renal dysfunction. 
As such, the treatment of AAA by open aneurysm 
repair (OAR) or EVAR requires the effective 
working of a large multidisciplinary team [3].

The hypothesis that higher hospital operative 
caseload is associated with improved outcome 
from AAA repair has been reproducibly demon-
strated in many healthcare systems. These data 
were subjected to meta-analysis, incorporating 
421,229 elective AAA repairs. The result was 
significantly in favor of surgery delivered from 
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(OR: 1.81; 95% CI: 1.62–2.04) [9]. The inverse 
relationship between total hospital operat-
ing volume and mortality remained signifi
cant in separate analysis of OAR (OR: 1.52; 
95%  CI:  1.33–1.73) and EVAR (OR:  1.68; 
95% CI: 1.32–2.22). Although high-volume 
centers were more likely to employ EVAR 
techniques, an analysis employing statisti-
cal adjustment for this confounding factor 
nonetheless demonstrated significantly lower 
mortality in high-volume hospitals (OR: 1.52; 
95% CI: 1.35–1.72). 

“The advent of EVAR has changed 
the provision of vascular surgery by  

allowing AAA repair at a lower  
mortality compared with OAR.”

The UK study of 7313  patients had con-
cordant results with the American study; it 
demonstrated significantly lower mortality for 
higher volume centers considering both OAR 
and EVAR together (OR: 0.993; 95%  CI: 
0.989–0.997) and this volume–outcome 
relationship remained significant in separate 
consideration of OAR (OR: 0.99; 95%  CI: 
0.989–0.999) and EVAR (OR: 0.993; 95% CI: 
0.987–1.000) [8]. The scale of effect, includ-
ing the finding of a higher magnitude of effect 
for EVAR than OAR, was notably consistent 
between the studies. This finding was perhaps 
unexpected owing to the lesser physiological 
stresses of EVAR, but the existence of this rela-
tionship would support a theory that it is the 
total aneurysm experience of a hospital that is 
of importance in deriving the best outcomes.

Many factors have been demonstrated to 
underlie the relationship between volume and 
outcome in vascular surgery, and it is likely 
that most apply in the endovascular era. High-
volume surgeons with specialist vascular surgi-
cal training have been shown to deliver AAA 
repair with lower perioperative mortality than 
lower volume surgeons or those without a spe-
cialist vascular practice [10–13]. The provision of 
specialist anesthetic care by vascular anesthet-
ists along with advanced intensive care facili-
ties, where necessary, are likely to underlie the 
significant volume–outcome relationship for 
EVAR as well as OAR [14–16].

Volume–outcome relationship in 
EVAR for ruptured AAA
Any modern vascular service must have the 
capability to provide a 24-h emergency service, 
and this would include the routine availability of 

EVAR for ruptured AAA since there is mount-
ing evidence that this reduces the mortality of 
ruptured aneurysms.

“...it is the total aneurysm experience of a 
hospital that is of importance in deriving  

the best outcomes.”

A recent study demonstrated a significantly 
reduced mortality associated with EVAR of rup-
tured AAA (eEVAR) compared with OAR of 
ruptured AAA (rAAA), with high-volume cent-
ers delivering rAAA repair at half the mortality 
of low-volume centers [17]. The use of eEVAR 
increased between 2000 and 2005 in this North 
American dataset, and mortality from eEVAR 
decreased over time in high-volume centers only, 
potentially due to a greater uptake of eEVAR. 
Although adjustment for case selection, mor-
phology and the presenting hemodynamic con-
dition of patients with rAAA was not possible, 
the finding of reduced mortality with eEVAR 
and the existence of a strong volume–outcome 
relationship are nonetheless of clear importance.

These key findings of reduced mortality with 
eEVAR and the robust volume–outcome rela-
tionship for rEVAR are mirrored in administra-
tive data from the UK, and persisted after pro-
pensity-scored analysis [18]. One key finding was 
that the outcomes of ruptured AAA repairs were 
better when care was delivered from hospitals 
performing high volumes of elective aneurysm 
repairs. This was true whether the aneurysm 
repair was by EVAR or OAR.

The importance of concordance between 
existing large population studies of both EVAR 
and eEVAR in North America and the UK 
should not be underestimated and the robust 
volume–outcome relationship demonstrated has 
clear implications for service delivery.

Implications for delivery of  
AAA services
Given the magnitude of reduction in mortal-
ity at high-volume centers performing EVAR, 
a radical model of service reconfiguration for 
the centralized service delivery of aneurysm 
services in England was suggested. This model 
implied that significant reductions in periopera-
tive deaths could be achieved through the cen-
tralized delivery of AAA repair [19]. This model 
was based around elective AAA repairs, but the 
subsequent evidence demonstrating improve-
ments in outcome after the delivery of eEVAR 
from higher-volume institutions strengthen the 
claims of this model. 
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Conclusion
A strong relationship exists between higher 
annual volume and lower mortality for elective 
and emergency EVAR, mirroring similar robust 
relationships between volume and outcome in 
open AAA repair. In conjunction with the devel-
opment of aneurysm screening programs these 
data highlight the need for regionalization of 
AAA service provision to high-volume centers 
offering a full range of vascular services, including 
advanced endovascular intervention.
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