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Abstract

Objective—Significant regional variation in surgical rates has been identified following multiple 

surgical procedures. However, limited data have examined the regional variability in patient 

selection and treatment of abdominal aortic aneurysms (AAA). This study aims to evaluate 

regional variation in patient selection, perioperative management and operative approach to AAA.

Methods—All patients undergoing open or endovascular repair (EVAR) of an AAA in the 

Vascular Quality Initiative from 2009 to 2014 were identified. All regional groups were de-

identified, and those with less than 100 open repairs were combined into a single region.

Results—17,269 elective repairs (EVAR: 13,759, Open: 3,510) and 1,462 ruptured AAAs 

(EVAR:749, Open:713) were identified. There was significant regional variation in the use of 

EVAR for elective (Range: 66–88% P < .01) and ruptured AAA (40–80% P < .01). The median 

diameter for elective repair was similar among regions (EVAR: 5.4 cm, Open: 5.7 cm). There was 

wide variation in the treatment of small aneurysms in male patients (<5.5 cm) for EVAR (34–49% 

P < .01) and open repair (17–38% P < .01) and variation in the treatment of small aneurysms in 

female patients (<5 cm) for EVAR (14–32% P < .01), but not significant for open repair (6–24%). 

For elective cases, pre-operative aspirin (EVAR: 50–75% P <.01; Open 49–78% P < .01) and statin 

use (EVAR: 61–75% P < .01, Open: 56–80% P < .01) varied widely. Among elective cardiac 
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patients preoperative management varied significantly including beta-blocker use (EVAR: 66–78% 

P < .01, Open: 69–88%, P = 0.01) and the frequency of stress-tests (EVAR: 33–64% P < .01, 

Open: 31–73% P < .01). Among open repairs for aneurysms extending at or beyond the juxta-renal 

segment, there was wide variation in the use of retroperitoneal exposures (7–70%, P < .01) and 

adjunctive renal protective measures (cold renal perfusion: 2–43% P < .01, mannitol: 47–92%, P 

< .01).

Conclusion—Significant regional variation exists in patient selection, perioperative 

management, and operative approach for the repair of AAA. Definitive evidence is lacking in 

many aspects of operative care including the use of the retroperitoneal approach and renal 

protective strategies. However, this variation emphasizes the importance of research to determine 

best practice in the areas of greatest variation. Furthermore, where current clinical process 

measures exist and data is clear, such as the use of statin and antiplatelet agents, the high degree of 

variation should serve as an impetus for regional quality improvement projects.

Introduction

Regional variation in the rates of surgical procedures have been documented both in the 

United States and abroad, and despite increasing evidence evaluating the impact of regional 

variation, it does not appear to be decreasing.1–4 Research by Birkmeyer et al, and the 

Dartmouth Atlas of Health Care suggest that illness burden and diagnostic practices explain 

only a small degree of the variation seen, and the majority can be better correlated to 

physician belief about surgical indications and patient preferences.1, 4

Variation can be divided into two categories: acceptable and unwarranted. Variation that is 

acceptable includes patient demographics and operative techniques where best practice is 

undefined. Unwarranted variation occurs when evidence-based medicine has created clear 

benchmarks for care and variation in practice patterns still exists.1, 4 This type of variation is 

more concerning and can result in unnecessary adverse outcomes for patients. Reducing 

unwarranted variation represents a significant opportunity for improvement in morbidity and 

mortality as well as reductions in health care expenditures.5

In an effort to improve the quality of vascular care, the Society for Vascular Surgery released 

consensus statements for the care of patients with vascular disease aimed at guiding 

physician decision making by clearly defining best practices where strong evidence exists.6 

Process measures specific to abdominal aortic aneurysms (AAA) include: pre-operative 

cardiac evaluation and noninvasive stress-tests for those with known cardiac disease or 

multiple risk factors, elective repair for aneurysms greater than 5.5 centimeters (cm) and 

consideration of repair for aneurysms 5–5.4 cm for women and young healthy patients. 

Additionally, recommendations for technique include an endovascular first approach for 

ruptured aneurysms when anatomically feasible, the use of a retroperitoneal approach for 

aneurysmal disease extending to the juxta-renal or visceral segment, and high resolution 

preoperative CT imaging to define proximal clamp location.6 However, despite the 

widespread publication of these guidelines, limited data have documented how well these 

benchmarks are being met.
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In an effort to better understand regional variation in the surgical care of AAA, this study 

aims to evaluate the regional variation in patient selection, pre-operative management, and 

operative technique for the repair of AAAs. In addition to evaluating the impact of current 

process measures and the identification of quality improvement projects where compliance 

with best practice guidelines is variable, this study will also identify the areas of widest 

variation where future research is needed to define best practice.

Methods

Dataset

The Vascular Quality Initiative (VQI) was utilized to identify all patients undergoing 

endovascular (EVAR) or open repair for AAA from 2009 to 2014. Details about this registry 

can be found at http://www.vascularqualityinitiative.org/. At the time of this study, the VQI 

consisted of 16 regional quality groups across the United States. These geographic regions 

were organized according to regional affiliations, and do not reflect any known variation in 

patient characteristics. Each region was de-identified, and those regions performing less than 

100 open aneurysms repairs were grouped into a single combined region. As a result of this 

grouping, this analysis has 14 regions. Intact and ruptured aneurysm repairs were evaluated 

separately. The Beth Israel Deaconess Medical Center Institutional Review Board approved 

this study, and patient consent was waived due to the de-identified nature of this dataset.

Variables

Patient demographics, comorbid conditions, pre-operative medical and cardiac management, 

and operative technique data were collected from all patients. All variables analyzed had less 

than 5% missing data, with the majority with less than 1% missing data. Small aneurysms 

were defined as less than 5.5 cm for men and less than 5 cm for women. Small aneurysms 

with concurrent iliac aneurysms greater than 3 cm were excluded from analysis of small 

aneurysms. Prior documented cardiac disease was defined as previous coronary artery 

bypass, percutaneous cardiac intervention, congestive heart failure, or coronary artery 

disease. Chlorhexidine skin preparation use was documented when it was used as a single 

agent or as part of a multiple antimicrobial surgical scrub.

Statistical Analysis

Statistical analysis was completed using the SPSS software package (version 21.0) and 

figures were produced using GraphPad (version 6.0). Chi-square was utilized for binary 

variables. Continuous variables were evaluated using ANOVA, Mann-Whitney or Kruskal-

Wallace tests as appropriate. Forrest plots were utilized to represent the range of variables of 

interest by region including a symbol for each of the 14 regions studied. A vertical line was 

used to represent the median within the VQI. Pearson correlation testing was utilized to 

assess the relationship between the use of EVAR in the treatment of elective and ruptured 

AAA. Statistical significance was defined as P < 0.05.
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Results

We identified 17,269 elective AAA repairs (13,759 EVAR and 3,510 open) and 1,462 

ruptured AAAs (749 EVARs and 713 open). A total of 14 regions were analyzed including a 

single combined group that was composed of 3 regions performing fewer than 100 open 

AAA repairs each. The number of open AAA repairs ranged from 119 to 1,357 per region 

(median: 205). The range of endovascular repairs ranged from 375 to 3,491 (median: 907).

Patient Selection and Demographics

Among patients undergoing elective repair, male patients underwent the majority of EVAR 

(80%) and open repairs (73%) across all regions with no significant variation noted. The 

mean age of patients also did not vary significantly among regions (EVAR: 72–75 years, 

Open: 68–71 years). There was wide variation in the proportion of non-white patients treated 

with EVAR (3–20%, P < .01) and open repair (3–22%, P <. 01). Significant variation in 

patient comorbidities was also seen. The frequency of AAA repair among patients with 

coronary artery disease (EVAR: 19–34% P < .01, Open: 17–33% P < .01), prior cardiac 

intervention (EVAR: 31–40% P < .01, Open: 27–39% P < .01), and chronic obstructive 

pulmonary disease (EVAR: 21–38%, P < .01, Open: 22–40% P < .01) varied significantly 

for both EVAR and open repair respectively. Significant variation in the proportion with 

diabetes (7–22% P = 0.01) and patients on hemodialysis (0–3%, P < .01) was seen in open 

repair but not EVAR (Figure 1).

Among patients treated for ruptured AAA there was no regional variation in gender with 

men representing 78% of patients undergoing EVAR and 77% of patients undergoing open 

repair. The mean age of patients treated with EVAR was 73 years (66–80, P = 0.03), and for 

open repair was 72 years (67–74, P = 0.08). Similar to elective repair, non-white race was 

widely variable across regions for both EVAR and open repair (EVAR: 0–29% P = 0.02, 

Open: 0–29%, P < .01). Among ruptured AAAs, regional variation was seen only in the 

proportion of hemodialysis noted pre-operatively (EVAR: 0–9% P = 0.04, Open: 0–5%, P = 

0.04). Variation in the rates of coronary artery disease was significant for EVAR only (11–

39%, P = 0.04). There was no significant regional variation in other demographic or 

comorbid conditions among patients treated with open repair (Supplement Figure 1).

Pre-operative Management

Prior to elective AAA repair there was wide variation across regions in treatment and work-

up of patients. The preoperative use of aspirin and statins among patients undergoing 

elective AAA varied widely. Aspirin use ranged from 50–75% (P < .01) for EVAR and 49–

78% (P < .01) for open repair. Statin use ranged from 56–80% prior to EVAR (P < .01) and 

61–75% prior to open repair (P < .01). Despite SVS guidelines for the preoperative 

management of patients with known cardiac disease, there was also wide variation in the 

frequency of pre-operative stress testing (EVAR: 33–64% P < .01, Open: 31–73% P < .01) 

and the use of beta-blockers (EVAR: 66–78%, P < .01, Open: 69–88%, P = 0.01) (Figure 2). 

Given the emergent nature of ruptured AAA pre-operative medical management was not 

evaluated.
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Operative Approach

For elective repair there was significant variation in the use of EVAR (66–88% P < 0.01) 

(Figure 3). Additionally, the frequency of open repair for elective infra-renal aneurysms (40–

65% P < .01) was also widely variable. Furthermore, there was significant variation in the 

percentage of AAA repairs performed for rupture (5–11%, P < .01). The use of EVAR for 

elective and ruptured cases was moderately correlated (R=0.6). The median aneurysm 

diameter for those undergoing elective repair was 5.4 cm (P < .01) for EVAR and 5.7 cm (P 

< .01) for open repair. Additionally, the treatment of small aneurysms, less than 5.5 cm, 

among male patients varied widely for both EVAR (34–49%, P < .01) and open repair (17–

38%, P< .01). Among female patients, the treatment of small aneurysms, less than 5 cm, 

varied for EVAR (14–32% P < .01), but did not achieve significance among open repair (6–

24% P = 0.22), likely due to smaller numbers (Figure 4). There was significant variation in 

the proportion of small aneurysms treated that were symptomatic among both men (2–12% 

P < .01) and women (3–33%, P = 0.01) (Supplement Figure 2). Chlorhexidine use also 

varied widely (EVAR: 54–98% P < .01, Open: 23–98% P < .01). Despite recommendations 

for the use of an epidural analgesia for open repair, epidural use was widely variable (13–

62%, P < .01) (Figure 4). Among patients undergoing open repair the frequency of inferior 

mesenteric artery (IMA) re-implantation (3–32% P < .01) also varied significantly. 

Additionally, despite recommendations for retroperitoneal exposure for aneurysms that 

require clamping of the juxta-renal or visceral aortic segment, retroperitoneal exposure for 

such aneurysms (7–70%, P < .01) had significant regional variation. Finally, among patients 

requiring clamping of the juxta-renal or visceral aortic segment, there was extensive 

variation in the use of cold renal perfusion (2–43% P < .01) and mannitol (47–92%, P < .01) 

(Figure 5).

Among ruptured AAAs, the use of EVAR varied widely (40–80% P < .01) (Figure 3). The 

median aneurysm diameter did not vary for EVAR (7.1, P = 0.36) or open repair (7.9, P = 

0.16). Similar to elective repairs, wide variation was seen the use of Chlorhexidine skin 

preparation (EVAR: 39–97% P < .01, Open: 50–100% P < .01). Among ruptured AAAs 

treated with open repair, delayed closure (8–58%, P = 0.03), retroperitoneal exposure (0–

46%, P < .01), and IMA re-implantation (0–44% P < .01) were significantly variable. When 

aneurysms required a juxta-renal or visceral aortic clamp, the use of cold renal perfusion (0–

32%, P < .01) was widely variable, while mannitol use (17–63%, P = 0.06) also varied, but 

did not achieve significance (Figure 6).

Discussion

This study found that significant variation exists in patient selection, pre-operative 

management, and operative approach to AAA among arbitrarily selected geographic groups 

across the U.S. as represented in VQI. Some of the variation identified in this study is 

unwarranted and represents variation in clinical practice despite clearly defined clinical 

process measures that are meant to serve as benchmarks for quality of care. However, other 

variables represent acceptable variation and serve to identify important targets for future 

research where optimal treatment remains undefined.
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Current SVS guidelines for the care of patients with abdominal aortic aneurysms 

recommend elective surgical repair of an AAA greater than 5.5 cm for men or 5 cm among 

women with surveillance for smaller aneurysms.6 This recommendation is supported by 

both the UK Small Aneurysm Trial and the ADAM trial which found no long-term survival 

benefit in the treatment of small aneurysms compared with surveillance.7, 8 However, despite 

these guidelines, significant regional variation exists in the elective treatment of small 

aneurysms among male and female patients. While symptomatic AAA may contribute to the 

rates of repair found in this study, the indication for repair is unclear for the majority of 

these small AAA. It is difficult to determine from the VQI the indication for elective repair, 

and circumstances such as recent enlargement, strong family history of rupture, saccular 

versus fusiform aneurysm, or patient preference may have also played roles in treating small 

aneurysms.

In addition to indication for surgery, pre-operative management of patients with cardiac 

disease is also defined by SVS guidelines, which suggest consideration of a non-invasive 

stress test for patients with known cardiac disease or multiple risk factors.6 While open 

repair patients with known cardiac disease were more likely to undergo a noninvasive stress 

test, there was wide variation in use among cardiac patients. It is possible that some of this 

variation may be attributed to utilization of the American Heart Association (AHA) 

guidelines, which also consider functional capacity in the determination for noninvasive 

stress tests. However, the AHA also suggests that exercise stress testing may be considered 

for patients undergoing elevated risk procedures.9

In addition to indications for treatment and pre-operative care, current literature recommends 

several important operative techniques to improve morbidity and mortality. Specifically, the 

SVS recommends an EVAR first approach for ruptured AAA in those with feasible 

anatomy.6 Despite extensive evidence supporting improved outcomes among patients treated 

with an EVAR first approach, the frequency of its use varied from 40–80%.10–12 Issues 

related to transfer eligibility, surgeon experience, and institutional resources may contribute 

to the ability to perform EVAR for ruptured aneurysms.13 Evidence also exists regarding the 

superiority of Chlorhexidine over povidone-iodine or alcohol-based iodine paint for the 

prevention of surgical site infections.14–16 However the utilization of Chlorhexidine remains 

below 50% in multiple regions regardless of operative approach, and no formal 

recommendation regarding Chlorhexidine use exists for the treatment of AAA.

Open surgical approach for aneurysms involving the visceral or renal arteries is also widely 

variable despite a SVS recommendation for retroperitoneal exposure in this setting.6 It 

should be noted that this recommendation is based on a low quality of evidence, and while 

several studies have identified increased return of bowel function, fewer incisional hernias, 

and improved visualization with this approach the results are still mixed.6, 17–19 This may 

explain the on-going variation and represents an important area for future research.

While pre-operative management may be clearly defined in the surgical literature, it is 

important to note that some of the variation seen in this study can be classified as acceptable. 

Specifically, the variation in patient demographics and co-morbidities likely reflect diverse 

and variable patient populations seen in different geographic areas of the United States, as 
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well as a variable prevalence of specific disease processes which reflect the diversity among 

regions. Additionally, there are many areas of practice where best practice is currently 

unknown. These include the use of renal protective strategies, as well as the previously noted 

controversy over the widespread use of the retroperitoneal approach for open aneurysms.

This study found a wide range of both acceptable and unwarranted variation in patient 

selection and the treatment of AAA within the VQI. Much variation exists in clinical areas 

where strong evidence to guide best practice is lacking, and this highlights a clear need for 

targeted research efforts moving forward. Unwarranted variation; however is more 

challenging to address due to its likely multifactorial causes. Given that physician belief and 

preference is the most common cause of variation, efforts to improve dissemination and 

education are paramount.1, 5 Previous studies have shown that distribution of updated 

systemic reviews have been successful in achieving moderate improvement (9–14%) in 

practice performance.5 An additional proven mechanism is performance feedback using 

clinical process measures and peer performance, which has been successful in improving 

physician practice in both the VQI and cardiac registries.20, 21 Finally, system-level 

interventions including funding restriction and regulatory changes can effect physician 

practice; however this can lead to significant and unintended adverse consequences 

including reduction in overall quality and access to care for both necessary and unwarranted 

surgery.5

This study has several notable limitations. First, this is a retrospective analysis of all 

hospitals participating in the VQI, and is not population based. Limitations associated with 

this database include a potential for coding error, missing data, and self-reporting at each 

site. However, in an effort to minimize these factors, the VQI completes an annual audit and 

review of billing data to confirm reported records. Additionally, the VQI may not include all 

advanced technology used in the assessment and measurement of aneurysm size, therefore it 

is possible that aneurysm size may not be estimated differently based on the practice of each 

center. An additional limitation of this study is a lack of uniformity in the regions evaluated. 

Specifically, the number and size of hospitals in each region are variable suggesting smaller 

regions may be impacted by large centers. Finally, this analysis does not adjust for 

geographic variation in patient comorbidities. However, this decision was made to allow data 

to be compared to SVS guidelines that do not adjust for variation in epidemiologic trends 

among regions.

Conclusion

Despite well-defined evidence-based guidelines, significant variation exists across regions in 

the United States in the pre-operative management AAA patients with cardiac risk factors, 

the use of EVAR for ruptured AAA, and operative approach for the repair of AAA. This 

variation suggests that the publication of guidelines alone are not sufficient to enact 

significant change in practice patterns, and further efforts to improve dissemination and 

physician feedback are necessary. Additionally, evidence is lacking to guide many aspects of 

operative practice including adjunctive therapy for supra-renal clamping and exposure 

technique. These topics of high regional variation serve as important targets for future 

research to determine best practice.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Variation in Patient Selection (Presentation) for Elective Aortic Aneurysm Repair
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Figure 2. 
Preoperative Management for Elective Aortic Aneurysm Repair
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Figure 3. 
Proportion of Repairs Completed with EVAR
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Figure 4. 
Operative Approach for Elective Aortic Aneurysm Repair
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Figure 5. 
Operative Technique for Elective Open Aortic Aneurysm Repair

Zettervall et al. Page 14

J Vasc Surg. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 6. 
Operative Technique for Ruptured Aortic Aneurysm Repair

Zettervall et al. Page 15

J Vasc Surg. Author manuscript; available in PMC 2017 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Methods
	Dataset
	Variables
	Statistical Analysis

	Results
	Patient Selection and Demographics
	Pre-operative Management
	Operative Approach

	Discussion
	Conclusion
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6

