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Long-term outcomes after lower extremity bypass in the actively 
smoking claudicant

Rohini J. Patel, MD, MPHa, Sina Zarrintan, MD, MS, MPHa, Vasan Jagadeesh, BSa, Nishita 
R. Vootukuru, BSb, Ann Gaffey, MD, MSa, Mahmoud B. Malas, MD, MHS, FACS, RPVIb

aCenter for Learning and Excellence in Vascular & Endovascular Research (CLEVER), Division of 
Vascular and Endovascular Surgery, Department of Surgery, University of California San Diego, 
San Diego

bDepartment of Medicine, Rutgers New Jersey Medical School, Newark.

Abstract

Objective: Smoking is known to increase complications, including poor wound healing, 

coagulation abnormalities, and cardiac and pulmonary ramifications. Across specialties, elective 

surgical procedures are commonly denied to active smokers. Given the base population of active 

smokers with vascular disease, smoking cessation is encouraged but is not required the way it is 

for elective general surgery procedures. We aim to study the outcomes of elective lower extremity 

bypass (LEB) in actively smoking claudicants.

Methods: We queried the Vascular Quality Initiative Vascular Implant Surveillance and 

Interventional Outcomes Network LEB database from 2003 to 2019. In this database we found 

609 (10.0%) never smokers (NS), 3388 (55.3%) former smokers (FS), and 2123 (34.7%) current 

smokers (CS) who underwent LEB for claudication. We performed two separate propensity 

score matches without replacement on 36 clinical variables (age, gender, race, ethnicity, 

obesity, insurance, hypertension, diabetes, coronary artery disease, congestive heart failure, 

chronic obstructive pulmonary disease, chronic kidney disease, previous coronary artery bypass 

graft, carotid endarterectomy, major amputation, inflow treatment, preoperative medications and 

treatment type), one of FS to NS and a second analysis of CS to FS. Primary outcomes included 5-

year overall survival (OS), limb salvage (LS), freedom from reintervention (FR), and amputation-

free survival (AFS).
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Results: Propensity score matches resulted in 497 well-matched pairs of NS and FS. In this 

analysis we found no difference in terms of OS (HR, 0.93; 95% CI, 0.70–1.24; P = .61), LS 

(HR, 1.07; 95% CI, 0.63–1.82; P = .80), FR (HR, 0.9; 95% CI,0.71–1.21; P = .59), or AFS (HR, 

0.93; 95% CI,0.71–1.22; P = .62). In the second analysis, we had 1451 well-matched pairs of CS 

and FS. There was no difference in LS (HR, 1.36; 95% CI,0.94–1.97; P = .11) or FR (HR, 1.02; 

95% CI,0.88–1.19; P = .76). However, we did find a significant increase in OS (HR, 1.37; 95% 

CI,1.15–1.64, P <.001) and AFS (HR, 1.38; 95% CI,1.18–1.62; P < .001) in FS compared with 

CS.

Conclusions: Claudicants represent a unique nonemergent vascular patient population that 

may require LEB. Our study found that FS have better OS and AFS when compared with CS. 

Additionally, FS mimic nonsmokers at 5-year outcomes for OS, LS, FR, and AFS. Therefore, 

structured smoking cessation should be a more prominent part of vascular office visits before 

elective LEB procedures in claudicants.

Keywords

Smoking; Lower extremity bypass; Amputation; Claudication

Cigarette smoking is responsible for an estimated 480,000 deaths per year in the United 

States alone, with millions of individuals suffering from associated comorbid chronic 

diseases.1 Active smokers are at increased risk of developing complications during and 

after surgical procedures, including poor wound healing, coagulation abnormalities, and 

cardiovascular and pulmonary events.2 These observations are prevalent considerations 

when recommending elective surgical interventions across many subspecialties, including 

colorectal, plastics, and cardiothoracic.3–5 It has also been well-established that a brief, 

surgeon-delivered evidence-based smoking cessation advice has a measurable impact on 

patients’ acknowledgement of smoking harms and desire to quit.6

Smoking cessation has been proven to be particularly crucial in the management of 

peripheral arterial disease (PAD) because of its strong associations with decreased 

disease progression, improved graft patency, and lower occurrence of perioperative 

complications.7–10 This circumstance has led the Society for Vascular Surgery practice 

guidelines for asymptomatic atherosclerotic occlusive disease and claudication to 

recommend a Class 1A level of evidence for smoking cessation.11 Prior studies specifically 

exploring the effects of smoking on lower extremity bypass (LEB) surgery have focused 

on the short-term and long-term effects of active smoking on graft patency in LEB.10,12,13 

Although the current consensus is that active smoking associates strongly with decreased 

graft patency, only one study clearly characterizes decreased 5-year and 10-year survival in 

active smokers after LEB.10,12,13 Further information regarding the effects of smoking on 

long term outcomes of overall survival (OS), limb salvage (LS), and reintervention in LEB 

will help to inform physicians in their clinical decision-making and counseling of patients.

The aim of this study was to investigate the outcomes of elective LEB surgery in actively 

smoking claudicants, with a particular focus on the impact of smoking on long-term 

outcomes. Our study aims to contribute to the existing body of literature on the impact 

of smoking on surgical outcomes and to provide current insights into the management of 
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active smokers with PAD. Claudicants, even life-limiting claudicants, represent a unique 

vascular patient population that does not require an emergent limb- or life-saving procedure. 

Therefore, we hypothesize that smoking cessation at this juncture cannot only prevent 

disease progression, but also can also help long-term outcomes after a LEB. Our goal is to 

help determine whether smoking cessation counseling should be a more prominent part of 

vascular office visits before and after LEB.

METHODS

Dataset.

The Vascular Quality Initiative (VQI) is a prospectively collected registry with preoperative, 

intraoperative and postoperative variables at 1000 centers in the United States and 

Canada.14,15 This study was conducted with the Vascular Implant Surveillance and 

Interventional Outcomes Network (VISION), which is a collaboration between VQI and 

MDEpiNet to link VQI data to Medicare claim data allowing long-term outcomes analysis.16 

We used the infrainguinal bypass dataset after obtaining approval from the VQI Research 

Advisory Committee for VQI-VISION data (Protocol #4772 and #4991). The VQI-VISION 

is a deidentified registry and, therefore, individual consent and institutional review board 

approval were not required.

Population.

Patients who underwent an infrainguinal LEB between 2003 and 2019 were included in 

our analysis. Inclusion criteria were any patient in the VISION Medicare database with 

arterial occlusive disease pathology and claudication symptoms. Exclusion criteria were 

any concomitant suprainguinal procedures, aneurysm pathology, or acute limb ischemia 

symptoms. Patients with missing data regarding smoking status were excluded. Smoking 

status was used to create three sub-groups of never smokers (NS), former smokers (FS) 

defined as quitting >1 month before the intervention, and current smokers (CS) defined as 

smoking cigarettes, pipes, or cigars within the past month. Our aim was to determine if 

smoking cessation was advantageous and, therefore, compared CS with FS to determine 

whether individuals should be encouraged to stop smoking and compared FS with NS to 

determine the difference in long-term outcomes between individuals who never smoked vs 

those who quit successfully.

Variables.

Baseline characteristics included demographics (age, sex, ethnicity, obesity, insurance 

type), comorbidities (diabetes, hypertension, congestive heart failure, coronary artery 

disease [CAD], chronic obstructive pulmonary disease [COPD], chronic kidney disease 

[CKD], and American Society of Anesthesiologists class), surgical history (prior carotid 

endarterectomy, carotid artery stent, coronary artery bypass graft [CABG] or percutaneous 

coronary intervention [PCI], prior major amputation, prior inflow procedure, prior ipsilateral 

intervention, prior contralateral intervention), preoperative and discharge medications 

(aspirin, P2Y12 inhibitors, statins, anticoagulation, beta-blockers, angiotensin-converting 

enzyme inhibitor), and procedure details (anesthesia type, procedure time, conduit choice, 
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concomitant endarterectomy, level of treatment [suprageniculate vs infrageniculate]) were 

collected.

Outcomes.

Long-term outcomes were assessed at five years. Primary outcomes included freedom from 

reintervention (FR) and amputation-free survival (AFS). Secondary outcomes included OS 

and LS. Major amputation was defined as any amputation above the ankle. Reintervention 

was defined as any intervention after the index procedure.

Statistical analysis.

Continuous and binary variables were analyzed using the Student t test, rank-sum test, 

and Pearson χ2 test, respectively. Given the significant variation in baseline characteristics 

between NS, FS, and CS we elected to use propensity score matching based on smoking 

status. One-to-one propensity score matching without replacement was used to balance the 

cohorts. LEB was balanced on 36 dimensions by the nearest neighbor principle with a 

caliper size of 0.10 for FS and CS and a caliper size of 0.01 for NS and FS. An adequate 

match was achieved with an absolute standardized difference of <0.10 in all baseline 

covariates. Kaplan-Meier survival estimates, log-rank test, and univariate Cox regression 

models were used to analyze outcomes of interest. All analyses were performed using Stata 

17.0 (StataCorp, College Station, TX).

RESULTS

There were a total of 6070 patients who underwent LEB between 2003 and 2019 and met 

our inclusion criteria before matching. Of these patients, 3338 (55.0%) self-categorized as 

FS, 2123 (35.0%) self-identified as CS, and 609 (10.0%) were NS.

Baseline characteristics of FS vs CS.

When comparing FS and CS, 3338 (61.1%) were FS and 2123 (38.9%) were CS. Before 

matching, CS were younger (66.5 ± 7.8 years vs 71.2 ± 7.5 years) and had a higher 

proportion of COPD (40.7% vs 28.8%); FS had a greater proportion of patients with 

hypertension (91.9% vs 86.9%), diabetes (45.1% vs 35.0%), CAD (51.8% vs 41.5%), 

and CKD (31.9% vs 22.0%) compared with CS. After matching we were left with 1451 

pairs of FS and CS who had an open LEB (Table I) with a standardized difference 

of <0.10. This cohort was balanced and matched on 36 variables (sex; prior ipsilateral 

lower extremity intervention; preoperative use of anticoagulation, beta-blockers, P2Y12 

inhibitors, angiotensin-converting enzyme inhibitors, and statins; discharge P2Y12 inhibitor 

use; obesity; type of insurance [Medicare or non-Medicare]; diabetes; procedure time length; 

COPD; CKD; previous CABG/PCI; and prior contralateral lower extremity intervention) to 

a caliper of 0.10.

Baseline characteristics of NS vs FS.

We then compared NS 609 (15.4%) with FS 3338 (84.6%). Before matching, FS patients 

were younger (71.2 ± 7.5 years 72.8 ± 9.6 years) and more likely to have Medicare 

insurance (71.8% vs 69.7%), hypertension (91.9% vs 90.5%), CAD (51.8% vs 45.3%), 

Patel et al. Page 4

J Vasc Surg. Author manuscript; available in PMC 2023 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



COPD (28.8% vs 8.0%), or congestive heart failure (12.8% vs 11.2%) compared with NS. 

After matching we were left with 497 pairs of NS and FS (Table II) with a standardized 

difference of <0.10. This cohort was balanced and matched on 36 variables (age, sex, 

race, prior contralateral lower extremity intervention, prior ipsilateral lower extremity 

intervention, prior inflow treatment, type of anesthesia, preoperative aspirin use, discharge 

statin use, CAD, concomitant endarterectomy, COPD, CKD, history of CABG/PCI, history 

of carotid endarterectomy, or CAS, prior major amputation, ethnicity, and type of graft) to a 

caliper of 0.01.

Outcomes: FS vs CS.

Table III presents the 5-year outcomes for OS, FR, LS, and AFS. Before matching when 

comparing FS with CS, there was a significantly greater AFS (67.2% vs 63.2%; P = .030) 

in FS compared with CS and no significant difference in FR, LS, or AFS. However, after 

matching we found FS had a significantly greater OS (73.7% vs 65.1%; P = .0002) and AFS 

(70.8% vs 60.6%; P < .001) compared with CS. There was no significant difference in LS or 

FR after matching in FS and CS.

Table IV represents the Cox regression 5-year analysis. Before matching, there was no 

significant difference in all-cause mortality, reintervention, or major amputation in CS 

compared with FS. CS were found to have a 13% increase risk of major amputation or 

death compared with FS (hazard ratio [HR], 1.13; 95% CI, 1.01–1.26; P = .027) (Fig 1, 

A). However, once matching was performed, CS were found to have a 37% increased risk 

of mortality (HR, 1.37; 95% CI, 1.15–1.64; P < .001) and 38% increased risk of major 

amputation or death (HR, 1.38; 95% CI, 1.18–1.62; P < .001) compared with FS (Fig 1, B).

Outcomes: NS vs FS.

Table III presents the 5-year outcomes for OS, FR, LS, and AFS. Before matching when 

comparing NS with FS there was no significant difference in OS, FR, LS, or AFS and this 

finding persisted even after matching.

Table IV represents the Cox regression 5-year analysis. Before matching, there was no 

significant difference in all-cause mortality, reintervention, major amputation, or major 

amputation or death (HR, 0.96; 95% CI, 0.79–1.17; P = .670) (Fig 2, A) in FS compared 

with NS. Additionally, once matching was performed, there remained no significant risk 

difference in mortality, reintervention, major amputation, or major amputation or death (HR, 

0.93; 95% CI, 0.71–1.22; P = .622) in FS compared with NS (Fig 2, B).

DISCUSSION

Our study found no significant difference between NS and FS in AFS and OS, 

demonstrating that smoking cessation may lead to positive long-term outcomes such as those 

of NS. Additionally, we observed a significant increase in OS and AFS in FS compared 

with CS. These results suggest that quitting smoking before LEB may improve long-term 

outcomes, particularly regarding OS and AFS.
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Smoking is a risk factor for PAD overall, but has shown to be a particular risk factor 

for those with critical limb ischemia.17 LEB is one of the most durable procedures 

performed for claudicants.18 Overall, claudication represents a unique opportunity for 

smoking intervention owing to the nonacute nature of the condition compared with acute 

limb ischemia. In acute limb ischemia, LS takes immediate priority and smoking cessation 

discussions are important postoperatively. However, in claudicants, the goal is to prevent 

disease progression to the point of acute or chronically worsening limb ischemia to either 

rest pain or tissue loss. Claudicants, therefore, do not require emergent procedures and 

smoking cessation discussions can have merit preoperatively in these specific scenarios.

Smoking is known to be detrimental to wound healing, endothelial function, and vascular 

remodeling, which may contribute to worse outcomes after LEB.19 In our study, NS and FS 

had similar outcomes, demonstrating that these detrimental effects may be reversible. Past 

studies support the claim that smoking damage to endothelial cells may be reversible in a 

dose-dependent fashion.20 Smoking cessation may lead to overall long-term improvement in 

outcomes, even after periods of sustained smoking. This finding is consistent with a previous 

study that shows improved AFS for patients with PAD for individuals who quit smoking 

compared with active smokers.8

Given the importance of smoking cessation for patients with PAD, studies have been 

conducted on how best to communicate this with patients. A review found that vascular 

surgeons can create a teachable moment during visits with patients and that a combination 

of standardized advice, telephone counseling, and pharmacotherapy combined can have the 

best outcome.21 The Vascular Physician Offer and Report (VAPOR) trial specifically looked 

at these three components and a retrospective review of almost 14,000 patients found that 

any two smoking cessation components (physician-delivered advice and referral to smoking 

counseling services, physician-delivered advice and nicotine replacement therapy, or referral 

to smoking counseling services and nicotine replacement) was associated with a 30-day 

cessation of smoking with the combination of physician advice and nicotine replacement 

being the most impactful.22 Additionally, the Vascular Study Group of New England registry 

found that, of 2606 patients (33%) who self-reported as CS, 1429 (45%) quit within the 

first year with counseling, of which 657 (46%) had undergone a LEB.23 Finally, the VAPOR 

randomized controlled trial found that a short standardized intervention can be added to 

vascular surgery clinics to encourage patients to quit smoking.24

Prior literature has demonstrated that active smoking has worse outcomes including 

mortality and AFS.8,25 This finding was demonstrated in a National Surgical Quality 

Improvement Program analysis of 30-day outcomes, as well as a single-institution cohort 

of 700 patients.8,25 The single-institution study followed active smokers for 1 year and 

found that one-third of active smokers stopped smoking. Compared with active smokers, the 

FS were found to have improved mortality and AFS at 5 years.8

There is a paucity of studies that have analyzed smoking status in LEB using VQI. To our 

knowledge, this study represents the only propensity score-matched VQI study comparing 

NS with FS and FS with CS who underwent LEB. A VQI study by Gabel et al26 found 

that 44% of patients undergoing intervention for intermittent claudication were active 
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smokers and that these patients were younger and had few comorbidities, with smoking 

cessation most likely in those undergoing an open procedure such as LEB. Overall, our 

study demonstrates that smoking cessation should be encouraged with a focused discussion 

around methods to quit with patients before LEB for claudication.

Limitations.

Our study has several limitations. First, the retrospective nature of our study does not allow 

us to identify the causation of outcomes of LEB in actively smoking claudicants. Second, 

our study is limited by the availability of data in VQI VISION LEB database, because are 

all large registries. Third, under-reporting of outcomes could be biasing the data; however, 

owing to random audits and of cases and variables, these issues are largely mitigated. 

Fourth, our study is limited by lack of smoking characterization, such as duration and 

intensity, as well as change in smoking status between initial encounter documented in VQI 

and follow-up or recidivism. Additionally, the VISION database represents patients with 

Medicare and, therefore, is less applicable to younger populations. The VISION database 

does not code laterality for all reinterventions. Future studies can assess short-term operative 

outcomes with a larger sample size using only the VQI. With respect to OS, we do not have 

information regarding cause of death; therefore, this outcome could be attributed to cardiac 

issues, malignancy, or limb ischemia. Finally, our study is limited by other factors that may 

influence outcomes such as antiplatelet therapies or baseline differences between the groups; 

however, we did try to mitigate potential confounding variables with a propensity score 

matching analysis.

CONCLUSIONS

This large, multicenter, national, Medicare-linked study confirms the detrimental effect of 

smoking on outcomes of claudicants undergoing LEB. CS had worse OS and AFS compared 

with individuals who quit smoking ≥1 month before LEB. Additionally, were able to 

demonstrate that quitting smoking can improve the 5-year outcomes to match nonsmokers’ 

OS, LS, FR, and AFS. We believe this study demonstrates the importance of structured 

smoking cessation discussions and tools during the vascular office visits before and after 

LEB. Smoking cessation should be a prominent part of vascular planning and can be an 

important adjunct to successful elective LEB procedures in patients with PAD presenting 

with lifestyle-limiting claudication. Further studies are needed to validate our findings in a 

more prospective nature.
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ARTICLE HIGHLIGHTS

Type of Research:

A retrospective review of prospectively collected Vascular Quality Initiative Vascular 

Implant Surveillance and Interventional Outcomes Network data

Key Findings:

Propensity matching of 497 pairs of never and former smokers (FS) found no difference 

in survival or amputation-free survival. However, 1451 pairs of current and FS found a 

significant increase in survival (hazard ratio, 1.37; P < .001) and amputation-free survival 

(hazard ratio, 1.38; P < .001) in FS.

Take Home Message:

FS have better overall survival and amputation-free survival when compared with current 

smokers, whereas FS mimic nonsmokers at 5-year outcomes for survival, limb salvage, 

freedom from reintervention, and amputation-free survival.
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Fig 1. 
Amputation-free survival (AFS) in former vs current smokers (CS) undergoing lower 

extremity bypass (LEB). (A) Before matching. (B) After matching.
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Fig 2. 
Amputation-free survival (AFS) in never vs former smokers (FS) undergoing lower 

extremity bypass (LEB). (A) Before matching. (B) After matching.
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