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Abstract

Background—Severe aorto-iliac occlusive disease (AIOD) is traditionally treated with aorto-
bifemoral (ABF) or aorto-unifemoral (AUF) bypass. However, cross-femoral bypass (CFB) and
hybrid femoral endarterectomy and patch angioplasty with iliac stenting (EPS) have gained
popularity as less invasive options. We sought to compare 1-year survival, primary patency, and
major amputation rates between open surgical (ABF and AUF) and two less invasive
reconstruction techniques (CFB and EPS) using a large, multicenter cohort.

Study Design—This is a retrospective cohort study of patients who underwent either ABF/AUF
CFBJ/EPS for AIOD between 2006 and 2013 in the Society for Vascular Surgery Vascular Quality
Initiative registry. Baseline patient and peri-procedural variables were compared. Propensity score
matching (PSM) was performed to predict the likelihood of more invasive repair. Kaplan-Meier
analysis and Cox models were performed for 1-year survival, primary patency and major
amputation.

Results—1872 patients underwent procedures for AIOD, including 1133 ABF/AUF and 739
CFBJ/EPS. Indication was critical limb ischemia in 47.3% (N=886). Median follow-up time was
305 days (range 10-406). After PSM, the matched cohort included 1094 ABF/AUF and 711
CFBJ/EPS patients. Multivariate analysis revealed that patient factors and procedure indication
were significant predictors of 1-year mortality and major amputation, but not procedure type.
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ABF/AUF was associated with improved primary patency over CFB/EPS at one year (94.1+1.1%
vs. 92.3%:+1.5%, hazard ratio 0.65, 95% confidence interval 0.45-.94;P=.02).

Conclusions—In a propensity-matched cohort from a multi-center vascular surgery registry, a
direct approach to AIOD (ABF/AUF) demonstrated better 1-year primary patency than
commonly-used less invasive strategies. However, treatment approach was not a predictor of 1-
year survival or limb salvage, suggesting that patient factors and procedure indication have a
greater impact on outcome.

INTRODUCTION

Reconstruction options for aorto-iliac occlusive disease (AIOD) include direct bypass, extra-
anatomic bypass, endovascular approaches, and hybrid procedures. The gold standard
treatment for severe AIOD has traditionally been direct reconstruction, such as aorto-
bifemoral (ABF) and aorto-unifemoral bypass (AUF).1 However, alternative
revascularization approaches for AIOD have gained popularity, including extra-anatomic
bypass such as cross-femoral bypass (CFB) and hybrid techniques such as common femoral
endarterectomy with patch angioplasty and iliac stenting (EPS).2~8 Direct repair provides
excellent survival and long-term patency rates, with 0-4% 30-day mortality and 86-92% 5-
year primary patency. %-12 However, open aortic surgery requires more extensive surgical
exposure and has an increased physiologic impact that may make these procedures
prohibitively high risk in some patients.213 The literature directly comparing outcomes for
these 2 treatment strategies for AIOD is limited, but the less invasive techniques have
become more popular.8-14-16 Thus, we sought to compare survival, primary patency, and
major limb amputation between direct revascularization (ABF and AUF) and less invasive
techniques (CFB and EPS) using a large, multi-center registry.

METHODS

Data Source

We performed a retrospective study using the Society for Vascular Surgery Vascular Quality
Initiative (SVS VQI) registry. 17 The VQI provides an excellent data source and includes
peri-procedural variables unique to vascular surgical procedures which are not found in other
registries. The suprainguinal bypass and peripheral vascular intervention (PVI) datasets were
queried from January 2006 to February 2013. ABF, AUF, or CFB procedures were identified
in the suprainguinal dataset, and EPS procedures were identified in the PVI dataset. The
registry is updated monthly, but the query dates were restricted to allow for at least one-year
(defined as 9-21 months) follow-up for all patients.

Patients

Adult patients aged 18 to 99 were included in the sample. The unit of analysis was patients.
Therefore, in instances where patients underwent multiple procedures in the dataset, only the
earliest procedure was included in the sample. ABF, AUF, and CFB were excluded if any
concomitant infrainguinal bypass or endovascular intervention was performed. Similarly,
EPS cases were excluded if vessels other than iliac and femoral arteries were treated. Lastly,
emergent procedures and patients with missing data for graft inflow, graft outflow,
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concomitant procedures, and TASC18 A or B classification were excluded from the sample.
This study was approved by the Northwestern University Institutional Review Board and the
SVS VQI Research Advisory Committee. The dataset was de-identified before release to
investigators.

Procedure and VQI Variables

Procedures within the suprainguinal dataset were identified by graft inflow and outflow.
ABF was defined as abdominal aorta for graft inflow and bilateral femoral artery outflow
[common femoral (CFA), profunda femoris (PFA), and/or superficial femoral artery (SFA)].
Similarly, AUF was defined as abdominal aorta for graft inflow and unilateral femoral artery
outflow. CFB procedures were defined as femoral artery (CFA, PFA, and/or SFA) inflow to
contralateral femoral artery outflow. Comparison groups were categorized as direct (ABF
and AUF) versus less invasive approaches (CFB and EPS).

The VQI classifies variables as demographic, history, procedure, post-operative and follow-
up. History variables included medical co-morbidities, procedure indication, symptoms,
prior vascular interventions, and pre-treatment ankle-brachial indices (ABI). Procedure
variables include urgency, graft/stent type, arteries treated, and completion imaging results.
Post-operative variables included hospital length of stay, early complications, and discharge
medications. Follow-up variables included survival, patency, reintervention, and major
amputation, which are collected between 9 months and 21 months following the date of the
index procedure. Of note, mortality data are supplemented by periodic matching with the
Social Security Death Index (SSDI), making it a very reliable endpoint.

In addition to VVQI-collected variables, the Vascular Study Group of New England Cardiac
Risk Indicator (VSGNE CRI) was used to stratify patients as high and low-risk for
postoperative cardiac event. Risk factors such as age, coronary artery disease, congestive
heart failure, insulin-dependent diabetes mellitus, chronic obstructive pulmonary disease,
renal insufficiency, long-term beta-blocker use, and smoking history are used to calculate the
VSGNE CRI score. Patients were considered high-risk if their VSGNE CRI score was
greater than or equal to 8, which is associated with a 14.3% risk of an adverse cardiac
event.19

Statistical Analysis

Group comparison (ABF/AUF vs. CFB/EPS) and hypothesis testing were performed using
Fisher’s exact and chi-square tests for categorical variables and Wilcoxon rank sum for
continuous variables. Survival analyses were applied to the matched cohort for the primary
study endpoint (one-year survival) and secondary endpoints (one-year primary patency and
major amputation). Kaplan-Meier analyses were stratified by procedure class and log-rank
tests were applied to assess for statistically significant differences. Stepwise multivariate
Cox proportional hazards models were created for the outcomes of interest. Covariates that
were statistically significant on univariate analysis (P<.05) were included in the final
models.
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Propensity Score Matching and Subgroup Analysis

In order to minimize selection bias across comparison groups, we performed propensity
score matching (PSM). A stepwise logistic regression model was created using baseline
patient characteristic variables that were statistically significant across comparison group.
Patients were then matched using a one-to-many caliper of 0.01. To test whether the PSM
cohort was successfully balanced, standard differences (SDiff) were calculated for each
covariate and deemed appropriately balanced for SDiff<10%.20-22

Subgroup analysis was performed using the matched cohort, which was stratified by
operative indication into intermittent claudication (IC) and critical limb ischemia (CLI)
groups. We applied a stepwise multivariate Cox proportional hazards model to determine if
the statistically significant findings would differ based on operative indication (IC vs. CLI).

Analyses were performed using STATA software, version 13.0 (College Station, Texas).

RESULTS

Sample Overview

Within the combined suprainguinal and PV datasets, there were 57,146 procedures, of
which 2288 were ABF or AUF and 3423 were CFB or EPS. After exclusion for concomitant
procedures, emergent cases, TASC lesions A and B, and procedure date after February 2013,
the study sample included 1872 patients. Of the 1872 patients, 1133 (60.5%) underwent
direct revascularization (ABF N=1076 and AUF N=57) and 739 (39.5%) underwent less
invasive procedures (CFB N= 501 and EPS N=238).

Baseline Patient and Procedure Characteristics

Patient and procedure characteristics, as shown in Table I, demonstrated that comparison
groups were similar for gender, body mass index, history of positive cardiac stress test, and
preoperative medication use. However, for the majority of baseline characteristics, the
groups were dissimilar. The most notable differences were: the ABF/AUF group was
younger compared to CFB/EPS (median age 60, ABF/AUF vs. 67, CFB/EPS; P<.001), the
indication for procedure in ABF/AUF patients was more likely IC (56% vs. 44%; P<.001);
and CFB/EPS patients were more likely to have undergone prior lower extremity
revascularization procedures (31% vs. 3%; P<.001). Median follow-up time was 305 days
(interquartile range 10-406). However, only 1065 patients (56%) had complete one-year
follow up.

Propensity Score Matching

Based on a stepwise logistic regression model that included preoperative variables,
propensity scores were generated for 1816 of 1872 (97%) patients to assess the likelihood of
receiving ABF/AUF. The 56 of 1872 patients were excluded from the model because of one
or more missing preoperative variables. After applying a one-to-many caliper-matching
algorithm, the matched cohort included 1805 patients, of which 61% (N=1094) underwent
ABF/AUF and 39% (N=711) underwent CFB/EPS. Testing for balance of the covariates in
the PSM cohort showed an overall mean standard difference of 3.1% compared to the mean
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standard difference of the unmatched cohort of 23.1% (Table 1). The standard differences
for individual covariates were all less than 10%, demonstrating a successfully matched
sample.

Survival analysis

Survival analysis (Kaplan-Meier) and multivariate Cox proportional hazard regression were
performed on the matched cohort to evaluate differences in one-year survival, primary
patency, and major amputation between the ABF/AUF and CFB/EPS groups. Kaplan-Meier
comparison stratified by procedure type demonstrated a statistically significant difference in
survival (95.6%=.6%, ABF/AUF vs. 93.6+.9%, CFB/EPS; P<.001) (Figure 1). However,
multivariate Cox regression analysis demonstrated that ABF/AUF was not a significant
predictor of survival (P=.96). Advanced age and VSGNE CRI score greater than 8 were
negative predictors of survival, while IC as the indication and ambulation status were
positive predictors of survival (Table I1).

Kaplan-Meier analysis demonstrated improved primary patency for ABF/AUF compared to
CFBJ/EPS (94.1%+1.1% vs. 92.3+1.5% at one year, P=.003). As depicted in Figure 2, at
approximately 10 months, both curves had an abrupt decline, which correlates with the loss
to follow up period. On multivariate analysis, ABF/AUF was a significant predictor of
primary patency after adjusting for IC and race (P=.022) (Table II).

Freedom from major limb amputation was not significantly different between the procedure
types (97% for both at one year; P=.36) on Kaplan-Meier analysis (Figure 3). Multivariate
analysis (Table 11) demonstrated that an indication of critical limb ischemia, prior major
amputation, CHF, and prior lower extremity bypass were all positive predictors of
amputation, whereas age greater than 65 years correlated with limb salvage.

Subgroup Analysis

In order to determine if the more severe occlusive disease, /.e., patients with CLI, was the
main driver of the difference in primary patency between ABF/AUF and CFB/EPS groups,
we next performed a subgroup analysis. The matched cohort consisted of 992 patients (51%)
with IC, of whom 655 (66%) were treated with ABF/AUF and 337 (34%) underwent CFB/
EPS. Among patients with CLI (N=813), 447 (55%) were treated with ABF/AUF and 366
(45%) underwent CFB/EPS. Multivariate analysis was applied to the CLI and IC subgroups
for survival, primary patency, and major amputation.

Within the CLI subgroup of the matched cohort, procedure type was not an independent
predictor of mortality (P=.88) (Table I11). Age over 65 and increased VSGNE CRI score
were positive predictors of mortality; negative predictors were preoperative ambulatory
status. Within the IC subgroup, only an increased VSGNE CRI score was a negative
predictor of survival (HR 1.33, CI 1.17-1.5) (data not shown).

In terms of primary patency, multivariate analysis of patients in the CLI subgroup
demonstrated that ABF/AUF was a significant predictor of primary patency after adjusting
for prior history of PVI and race (P=.017) (Table II1). Multivariate analysis of primary
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patency in the IC subgroup did not identify any predictive variables other than ABF/AUF vs.
CFB/EPS (data not shown).

Finally, procedure type was not an independent predictor of amputation in the CLI subgroup,
but prior major amputation, CHF and prior lower extremity bypass were all positive
predictors of amputation (Table 111). As seen in the entire matched cohort analysis, age
greater than 65 years was associated with limb salvage (P=.015). Multivariate analysis of
primary patency in the 1C subgroup did not identify any predictive variables other than age
greater than 65 (data not shown).

DISCUSSION

Since the first reports of direct anatomic repair for AIOD in the 1950s,13 there has been a
need for less invasive options for reconstruction for patients who are at high risk for an
aortic cross-clamp or laparotomy. Although direct repair is associated with good long-term
durability, extra-anatomic bypasses and hybrid approaches have emerged as options for
patients with contraindications for direct repair and as less invasive options. This paradigm
shift toward less invasive approaches for AIOD warrants direct comparison of these
contemporary treatment strategies.

We sought to compare outcomes for common reconstruction options for TASC C/D AIOD
by performing a retrospective study using a propensity-score matched cohort from a large,
multi-center vascular surgery-centric dataset. Axillo-femoral bypasses were not included
since reported patency and survival rates are significantly inferior to the other
strategies.23-25 We found no difference in survival for more invasive (ABF/AUF) repair
compared to less invasive (CFB/EPS) approaches after multivariate analysis. Instead, patient
characteristics such as advanced age, VSGNE CRI score greater than 8, indication for
surgery (IC vs. CLI), and ambulatory status significantly impacted survival. Age, VSGNE
CRI, and ambulatory status were also significant predictors of mortality when we performed
a subgroup analysis of patients with CLI, thus highlighting the importance of patient
selection as a guiding factor in the treatment of AIOD regardless of revascularization
strategy or indication. Although it is difficult to make direct comparisons of our results to
those reported in the literature, the lack of statistically significant differences in survival
between reconstruction techniques have also been demonstrated in multiple studies®12:26-28,

The 1-year patency rates for ABF/AUF vs. CFB/EPS were 94% vs 92%, respectively, and
although the log-rank tests reached statistical significance, these results must be interpreted
with caution. The rate of one-year follow-up for the study sample was 57%, and the long-
term follow-up period for the VQI begins at 9 months, which corresponds to the time period
when an abrupt decline in patency occurs. Improvement in long-term follow-up is a current
quality initiative for the VQI, and will certainly be important to improve the quality of the
data.2? The low rate of long term follow up may cause a reporting bias in the observed
patency rates, as patients with worse patency in the VQI may be disproportionately over-
represented among those who have one-year follow-up. However, there is no reason to think
that any reporting bias would be different in our two study groups and in that regard it is still
likely that there is a true patency difference between the study groups. Unfortunately, prior
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reports have different comparison groups for AIOD treatment, and there is little literature
that includes ABF, AUF, CFB, and EPB revascularization techniques and has longer-term
follow-up intervals (.., 3 or 5 years).9:26-28

This study has a number of limitations. First, and perhaps most critically, is missing data
and, as mentioned above, the rate of loss to follow-up. There was a substantial amount of
missing data for preoperative medication use, preoperative ankle-brachial indices/toe-
brachial indices, postoperative variables, and follow-up variables. Schneider et a/. (2015)3°
noted similar limitations due to loss to follow-up in their study using the VQI registry to
compare eversion and conventional carotid endarterectomy, and Siracuse et a/. (2016)2°
made a similar observation in a comparison of open and endovascular treatment of CLI. In
our study, despite excluding patients who underwent procedures after February 2013, there
was only modest improvement in one-year follow-up, which subsequently limits the
interpretation of primary patency. In addition, given the registry nature of the VQI, we also
were not able to correct for variables such as surgeon preference in choosing a procedure
type or with surgeon experience.

On the other hand, the size of the VQI dataset is much greater than that used in any
precedent article on this topic. Furthermore, this dataset is representative of a large number
of participating surgeons and institutions and the data are de-identified with respect to
subject and physician. Thus, it is unlikely that that there is a bias against publication of less
favorable results, and the results likely represent “real world” outcomes. The VQI dataset
also includes granular clinical and surgical variables not available in other surgical datasets
such as NSQIP. These strengths of the VQI tend to offset the weakness of incomplete
follow-up, although we acknowledge the imperative to improve completeness of follow-up
in the VQI. We are hopeful that recent suggestions by the VQI Research Advisory Council
to improve long-term follow-up (“Suggestions for Success”)3! will diminish this problem in
the future.

Lastly, our study was limited by the observational retrospective design, which has intrinsic
bias. Even with the use of propensity score matching, it is difficult to achieve the same
quality of results as a randomized control trial. A key limitation of propensity score
matching is that only observable differences can be controlled across treatment groups.
Although imperfect, the application of statistical methods such as propensity score matching
and inverse probability weighting may be the best method to address selection bias in
observational studies.?!

CONCLUSIONS

In a propensity score matched cohort, a treatment approach for severe AIOD was not a
predictor of 1-year survival or limb salvage, suggesting that patient factors and procedure
indication have a greater impact on outcome. Although a direct treatment approach
demonstrated improved 1-year primary patency compared to less invasive, this interpretation
is limited by inadequate follow-up.
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Kaplan-Meier analysis for survival, stratified by procedure
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Figure 2.
Kaplan-Meier analysis for primary patency, stratified by procedure
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Figure 3.
Kaplan-Meier analysis for major amputation, stratified by procedure

Ann Vasc Surg. Author manuscript; available in PMC 2019 January 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Zamor et al.

Table |

Page 14

Baseline characteristics (stratified by procedure) and comparison of matched and unmatched cohorts

Unmatched cohort

Bias reduction in matched
cohort

Variable ABF/AUF (N=1133) | CFB/EPS (N=739) | P value*
N (%) N (%)

Median age, years | 60 (53-66) 7 | 67 (60-75) A | <.001 | 93.9%
Female | 466(41.13) | 201 (30.38) | 47 |
Non-white race | 95 (8.38) | 89 (12.04) | .013 | 54.9%
Diabetes | 263(23.22) | 216 (2029) | 005 | sa7e
Overweight/obese | 576 (50.84) | 395 (53.45) | .34 |
Coronary artery disease | 241(21.27) | 250(33.83) | <.001 | 94.9%
Prior CABG or PCI | 226 (19.95) | 223 (31.53) | <.001 | 78.8%
Congestive heart failure | 65 (5.74) | 97 (13.13) | <.001 | 74.0%
COPD | 344 (30.36) | 266 (35.99) | .014 | 96.7%
Smoking | 1102 (97.26) | 689 (93.23) | <.001 | 93.6%
Hypertension | 871 (76.88) | 641 (86.74) | <.001 | 61.2%
Dialysis | 6053 | 22 (298) | <001 | 100%
Positive stress test | 136 (12.00) | 75 (10.15) | 13 |
Statin | 701 e9.81) | 517 (69.96) | a7 |
Aspirin | 791 (69.81) | 516 (69.82) | 51 |
Ambulatory | 1105 (97.53) | 706 (95.53) | .003 |
Indication 84.6%

Claudication 632(55.78) 312(44.22) <.001

Critical limb ischemia 477(42.10) 409(55.35) <.001
Prior bypass | 138(12.18) | 146(19.76) | <.001 | 98.8%
Prior percutaneous peripheral intervention | 255(2.51) | 228(30.85) | <.001 | 90.1%
VSGNE-CRI | | | <001 | 75%
0-4 | 749 (66.11) | 299 (40.46) | |
5t07 | 312 (27.54) | 306 (41.41) | |
>=8 | 54 (4.77) | 109 (14.75) | |
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| Unmatched cohort Bias reduction in matched
cohort
Variable ABF/AUF (N=1133) | CFB/EPS (N=739) | P value*
N (%) N (%)
Unmatched cohort | 23.1%
Overall sample mean percent bias
Matched cohort | 3.1%

Bold indicates P<.05
*
X2 or Fisher exact tests, when appropriate

fN (interquartile range)

ABF, aorto-bifemoral bypass; AUF, aorto-unifemoral bypass; CFB, cross-femoral bypass; EPS, femoral endarterectomy and patch angioplasty with
iliac stenting; CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; COPD, chronic obstructive pulmonary disease;
VSGNE-CRI, Vascular Study Group of New England Cardiac Risk Indicator.
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Multivariate Cox regression analysis for mortality, primary patency, and amputation in matched cohort

Table Il

Survival covariates (N=1802) Hazard ratio | 95% Confidence interval | P value
ABF/AUF 1.01 0.72 141 .96
Age > 65 years old 1.80 1.23 2.63 .002
VSGNE-CRI 1.23 1.15 1.32 <.001
Indication intermittent claudication 0.48 0.34 0.68 <.001
Ambulatory 0.32 0.18 0.57 <.001
Primary patency covariates (N=1182)

ABF/AUF 0.65 0.45 0.94 .022
Indication intermittent claudication 0.44 0.30 0.65 <.001
Non-white race 1.97 1.19 3.27 .008
Prior PVI 151 1.03 2.21 .034
Amputation covariates (N=1729)

ABF/AUF 1.00 49 2.03 .99
Age > 65 years old 0.40 0.19 .84 .016
Indication CLI 15.93 3.81 66.72 <.001
Prior major amputation 10.92 4.79 24.90 <.001
CHF 3.00 1.33 6.74 .008
Prior bypass 2.15 1.08 4.26 .029

Bold indicates P<.05

Page 16

HR, hazard ratio; ABF, aorto-bifemoral bypass; AUF, aorto-unifemoral bypass; VSGNE-CRI, Vascular Study Group of New England Cardiac Risk

Indicator.

ABF, aorto-bifemoral bypass; AUF, aorto-unifemoral bypass; PV, peripheral vascular intervention

CLlI, critical limb ischemia; CHF, congestive heart failure.
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Multivariate Cox regression analysis for mortality, primary patency, amputation in subgroup of patients with

CLI
Survival covariates (N=856) Hazard ratio | 95% Confidence interval | P value
ABF/AUF 0.97 0.63 1.49 .88
Age > 65 years old 1.68 1.03 2.71 .034
VSGNE-CRI 1.28 1.15 1.42 <.001
Ambulatory 0.30 0.16 0.55 <.001
Primary patency covariates (N=549)
ABF/AUF 0.57 0.36 0.90 .017
Non-white Race 2.13 114 2.99 .017
Prior PVI 1.90 1.20 2.21 .006
Amputation covariates (N=815)
ABF/AUF 1.01 49 2.09 .98
Age > 65 years old 0.38 17 .83 .015
Prior major amputation 9.17 3.87 21.77 <.001
Congestive heart failure 3.19 141 7.21 .005
Prior bypass 2.09 1.04 424 .04

Bold indicates P<.05

ABF, aorto-bifemoral bypass; AUF, aorto-unifemoral bypass; VSGNE-CRI, Vascular Study Group of New England Cardiac Risk Index; PVI,

peripheral vascular intervention; CLI, critical limb ischemia
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