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The impact of atrial fibrillation (AF) on clinical outcomes among patients with peripheral
artery disease (PAD) who undergo limb revascularization procedures is not well understood.
We aim to compare in-hospital outcomes for patients with and without AF who underwent
limb revascularization. We identified patients with PAD aged ≥18 years that underwent
limb revascularization using endovascular or surgical approaches in the National Inpatient
Sample between 2002 and 2014. Multivariate logistic regression analysis was performed to
examine in-hospital outcomes. A total of 2,283,568 patients underwent limb revasculariza-
tion during the study duration and 294,469 (12.9%) had AF. Patients with AF were older
(mean age 76.1 § 10.0 years), more likely to be women and white, compared with non-AF
group. Among patients who had surgical revascularization, AF was associated with a higher
rates of in-hospital mortality (6.4% vs 2.5%, adjusted odds ratio [aOR]: 1.09 [95% confi-
dence interval {CI}: 1.05 to 1.12]) and major amputation (5.2% vs 3.8%, aOR: 1.05 [95%
CI: 1.02 to 1.08]), compared with non-AF group. Among patients who had endovascular
intervention (EVI), AF was associated with a higher rates of in-hospital mortality (3.8% vs
1.6%, aOR: 1.29 [95% CI: 1.24 to 1.33]) and major amputation (5.2% vs 3.9%, aOR: 1.07
[95% CI: 1.04 to 1.10]), compared with non-AF group. Within study period, EVI utilization
increased in patients with and without AF (Ptrend <0.001); whereas, surgical revasculariza-
tion utilization decreased in patients with and without AF (Ptrend <0.001). In conclusion,
among patients with PAD who undergo limb revascularization, AF appears to be associated
with poor in-hospital outcomes. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol
2019;124:1540−1548)
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The prevalence of peripheral artery disease (PAD)
increases with age and is estimated to affect 10% and 14%
of the United States population1 and more than 200 million
persons worldwide.2 Atrial fibrillation (AF) is frequent in
PAD has been associated with decreasing ankle-brachial
index (ABI) and worse cardiovascular outcome.3,4 Patients
with AF tend to be older and more likely to have diabetes,
hypertension, chronic kidney disease, coronary artery disease
(CAD), and heart failure than those with normal sinus
rhythm.4−6 In-hospital complications including myocardial
infarction (MI), stroke, infections and death are more fre-
quent in PAD patients with AF.4−7 PAD patients with AF
are more challenging to treat as they have higher comorbidity
burden and more complex disease, and are often on anticoa-
gulation.4 Whereas vascular diseases such as symptomatic
PAD and/or previous MI are considered in risk stratification
of AF,8 there is little known about the impact of AF among
patients undergoing limb revascularization for PAD. We
aimed to examine national trends and in-hospital outcome of
limb revascularization in PAD patients with AF compared
with those without AF.
Methods

The National Inpatient Sample (NIS) is a publicly avail-
able database of hospital discharges in the United States,
containing data from approximately 8 million hospital stays
that were selected using a complex probability sampling
design, and the weighting scheme recommended by the
Agency for Healthcare Research and Quality which is
intended to represent all discharges from nonfederal hospi-
tals.9 From 2002 to 2014 and after weighting the data, we
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used International Classification of Disease, Ninth Edition,
Clinical Modification (ICD-9-CM) codes to identify all
PAD patients aged ≥18 who had limb revascularization
(endovascular intervention or surgical revascularization).
We further categorized PAD patients based on clinical pre-
sentation into those with IC and CLI. CLI was defined as
lower extremity rest pain, ulceration, and/or gangrene due
to atherosclerosis of lower extremity arteries. CLI was also
identified by the presence of codes for lower extremity
chronic ulceration, osteomyelitis, and/or cellulitis along
with primary diagnosis codes for PAD. A list of ICD-9-CM
diagnosis codes used to identify PAD population is
included in supplemental table 1. EVI was defined as angio-
plasty, atherectomy, and/or stenting of lower limb vessels.10

Surgical revascularization was identified using ICD-9-CM
procedure codes for open bypass, endarterectomy, incision
and/or resection of lower limb arteries. A list of ICD-9-CM
procedure codes used to identify limb revascularization is
included in supplemental table 1. This approach has been
used by a previous NIS database study to accurately iden-
tify patients with PAD and CLI undergoing limb revascu-
larization procedures.11 Lastly, we identified patients with
AF using the ICD-9-CM diagnoses code 427.31 (Figure 1).

Data were retrieved retrospectively. Baseline patient-
level characteristics included demographics (age, sex, race,
primary expected payer, median household income for
patient’s zip code), clinical presentation (IC vs CLI), proce-
dure type (EVI vs surgical revascularization), and relevant
comorbidities (smoking, dyslipidemia, diabetes mellitus,
hypertension, CAD, carotid artery disease, previous MI,
previous percutaneous coronary intervention [PCI], previ-
ous coronary artery bypass grafting [CABG], congestive
heart failure, previous stroke/transient ischemic attack
[TIA], obesity, renal failure, valvular disease, coagulop-
athy, hypothyroidism, chronic lung disease, pulmonary cir-
culation disorder, fluid and electrolytes disorder, liver
disease, neurologic disorder, anemia and metastatic cancer).
Figure 1. Identification of study population usin
Hospital-level characteristics were census region, bed size,
and teaching status. Comorbidities were identified using the
Clinical Classification Software codes provided by the
Healthcare Cost and Utilization Project and the Elixhauser
Comorbidity Index, and ICD-9-CM codes.12 A list of ICD-
9-CM codes and Clinical Classification Software codes
used to identify comorbidities is included in Supplemental
Table 2.

The primary outcome was all-cause in-hospital mortal-
ity. Secondary outcomes included acute MI, stroke, major
bleeding, major vascular complications (injury to blood
vessel, accidental puncture, injury to retroperitoneum, other
vascular complications, or any vascular complications
requiring surgery), major amputation and hospital length of
stay (LOS). Major bleeding was defined as hemorrhage
leading to hemodynamic instability or requiring blood
transfusion. Major adverse cardiovascular events (MACE)
were defined as a composite of death, MI, or stroke. Net
adverse cardiovascular events (NACE) were defined as a
composite of MACE, major bleeding, or major vascular
complications. A list of ICD-9-CM codes used to define in-
hospital outcomes is included in supplemental table 2. We
also examined temporal changes in limb revascularization
(endovascular and surgical) utilization and in-hospital mor-
tality among PAD patients with/without AF within study
period.

Continuous variables were expressed as weighted mean
values§ standard deviation (normal distribution) or median
with interquartile range (non-normal distribution), and cate-
gorical variables were expressed as percentages. Continu-
ous variables were compared using the unpaired Student t
test or Mann-Whitney U test as appropriate whereas the
chi-square test was used to compare categorical variables.
Weighted values of patient level observations were gener-
ated to produce a nationally representative estimate of the
entire US population of hospitalized patients. Univariable
and multivariable logistic regressions were used to estimate
g National Inpatient Sampling Database.



Table 1

Baseline characteristics in all patients with peripheral artery disease and undergoing limb revascularization stratified by the presence of atrial fibrillation

Variable Atrial fibrillation p-Value

No (N = 1,989,099) Yes (N = 294,469)

Age (years) 67.1 § 11.8 76.1 § 10.0 <0.001
Women 42.4% 45.6% <0.001

<0.001
White 73.2% 82.4%

Black 14.9% 8.4%

Hispanic 7.9% 5.6%

Asian or Pacific Islander 1.1% 1.2%

Native American 0.6% 0.4%

Other 2.3% 2.1%

Elective hospitalization 59.1% 31.4% <0.001
Primary expected payer <0.001

Medicare 65.4% 85.3%

Medicaid 7.3% 2.7%

Private insurance 22.8% 10.1%

Self-Pay 2.3% 0.8%

No charge 0.3% 0.1%

Other 1.8% 1.0%

Median household income (percentile) <0.001
0 to 25 29.5% 23.7%

26 to 50 26.9% 25.9%

51 to 75 23.5% 25.2%

76 to 100 20.1% 25.2%

Location/teaching status <0.001
Rural 6.8% 6.2%

Urban nonteaching 40.5% 40.7%

Urban teaching 52.7% 53.1%

Hospital region <0.001
Northeast 18.8% 22.8%%

Midwest 24.3% 24.6%

South 40.7% 35.4%

West 16.2% 17.1%

Clinical presentation

Intermittent claudication 25.3% 13.9% <0.001
Critical limb ischemia 40.0% 45.3% <0.001
Other 21.4% 18.8% <0.001

Procedure type

Surgical revascularization 55.1% 59.2% <0.001
Endovascular intervention 53.9% 49.7% <0.001
Comorbidities

Smokers 24.4% 10.0% <0.001
Dyslipidemia 41.2% 35.4% <0.001
DM, uncomplicated 25.6% 23.9% <0.001
DM, complicated 14.0% 12.9% <0.001
Hypertension 71.5% 71.2% 0.002

Coronary artery disease 15.5% 13.5% <0.001
Prior myocardial infarction 10.1% 9.8% <0.001
Prior percutaneous coronary intervention 7.9% 6.1% <0.001
Prior coronary artery bypass grafting 13.9% 13.3% <0.001
Congestive heart failure 6.1% 15.3% <0.001
Carotid artery disease 4.0% 3.3% <0.001
Prior stroke/transient ischemic attack 3.7% 4.9% <0.001
Obesity 6.6% 5.8% <0.001
Renal failure 18.4% 25.6% <0.001
Valvular disease 2.2% 5.9% <0.001
Coagulopathy 3.2% 5.3% <0.001
Hypothyroidism 7.3% 11.9% <0.001
Chronic lung disease 24.1% 28.1% <0.001
Pulmonary circulation disorders 0.7% 1.9% <0.001
Fluid and electrolytes disorders 14.0% 20.5% <0.001

(continued)
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Table 1 (Continued)

Variable Atrial fibrillation p-Value

No (N = 1,989,099) Yes (N = 294,469)

Liver disease 1.2% 1.0% <0.001
Neurological disorders 3.8% 5.7% <0.001
Deficiency anemia 15.7% 20.4% <0.001
Chronic blood loss anemia 1.2% 1.7% <0.001
Metastatic cancer 0.6% 0.8% <0.001

Values are expressed as mean § SD for continuous variables or percentages for categorical variables.

Table 2

In-hospital outcomes in patients with and without atrial fibrillation and undergoing limb revascularization

Surgical revascularization

N = 1,064,605

Endovascular intervention

N = 1,218,963

Non-AF group AF group p-Value Non-AF group AF group p-Value

In-hospital mortality

% 2.5% 6.4% 1.6% 3.8%

Unadjusted OR (95% CI) Ref. 2.65 (2.59-2.71) <0.001 Ref. 2.41 (2.33-2.48) <0.001
Adjusted OR (95% CI) Ref. 1.09 (1.05-1.12) <0.001 Ref. 1.29 (1.24-1.33) <0.001

Myocardial infarction

% 3.0% 5.7% 3.5% 5.1%

Unadjusted OR (95% CI) Ref. 1.96 (1.91-2.00) <0.001 Ref. 1.46 (1.42-1.50) <0.001
Adjusted OR (95% CI) Ref. 1.12 (1.09-1.16) <0.001 Ref. 1.12 (1.09-1.16) <0.001

Stroke

% 6.2% 9.0% 6.7% 8.8%

Unadjusted OR (95% CI) Ref. 1.50 (1.47-1.53) <0.001 Ref. 1.34 (1.32-1.37) <0.001
Adjusted OR (95% CI) Ref. 1.42 (1.37-1.48) <0.001 Ref. 1.19 (1.14-1.24) <0.001

Vascular complications

% 3.4% 3.2% 3.0% 3.1%

Unadjusted OR (95% CI) Ref. 0.95 (0.92-0.97) <0.001 Ref. 1.04 (1.01-1.07) 0.02

Adjusted OR (95% CI) Ref. 0.88 (0.85-0.91) <0.001 Ref. 1.04 (1.003-1.08) 0.03

Major bleeding

% 6.2% 10.6% 7.4% 10.1%

Unadjusted OR (95% CI) Ref. 1.78 (1.75-1.81) <0.001 Ref. 1.40 (1.38-1.43) <0.001
Adjusted OR (95% CI) Ref. 1.20 (1.18-1.23) <0.001 Ref. 1.10 (1.07-1.12) <0.001

Major adverse cardiovascular events

% 10.9% 19.1% 11.2% 16.5%

Unadjusted OR (95% CI) Ref. 1.94 (1.91-1.96) <0.001 Ref. 1.57 (1.55-1.59) <0.001
Adjusted OR (95% CI) Ref. 1.22 (1.20-1.25) <0.001 Ref. 1.24 (1.21-1.26) <0.001

Net adverse cardiovascular events

% 18.3% 28.9% 19.4% 26.4%

Unadjusted OR (95% CI) Ref. 1.81 (1.79-1.83) <0.001 Ref. 1.49 (1.47-1.51) <0.001
Adjusted OR (95% CI) Ref. 1.22 (1.20-1.24) <0.001 Ref. 1.17 (1.16-1.20) <0.001

Major amputation

% 3.8% 5.2% 3.9% 5.2%

Unadjusted OR (95% CI) Ref. 1.37 (1.34-1.40) <0.001 Ref. 1.35 (1.32-1.39) <0.001
Adjusted OR (95% CI) Ref. 1.05 (1.02-1.08) 0.001 Ref. 1.07 (1.04-1.10) <0.001

Adjusted for demographics (age, sex, race), hospital characteristics (region, bed size, teaching status), clinical presentation (intermittent claudication vs

critical limb ischemia), and all comorbidities listed in Table 1. OR = odds ratio.
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the odds of in-hospital outcomes between groups (AF ver-
sus no AF). The regression models were adjusted for demo-
graphics (age, race and gender), patients’ insurance,
socioeconomic status, hospital characteristics, clinical pre-
sentation, procedure type (endovascular vs surgical), and
all comorbidities listed in Table 1. Odds ratios (ORs) and
95% confidence intervals (CIs) were used to report the
results of regression models. Linear regression models were
used to assess the LOS. Log transformation of LOS was
done to adjust for positively skewed data. Sensitivity analy-
sis was performed by stratifying the cohort by IC and CLI
and evaluating in-hospital outcomes in each group. Trend
over time in limb revascularization utilization and in-hospi-
tal mortality was examined using Cochrane-Armitage test.
P-value of less than 0.05 was considered statistically signifi-
cant. SPSS version 25 software (IBM Corp, Armonk, NY)
was used for all statistical analyses.
Results

Of 2,283,568 patients who underwent limb revasculariza-
tion procedures from 2002 to 2014, 1,989,099 had no AF



Table 3

In-hospital outcomes in patients with intermittent claudication and under-

going limb revascularization

Atrial fibrillation p-Value

No

(N = 503,492)

Yes

(N = 40,954)

In-hospital mortality

% 0.5% 1.5%

Unadjusted OR (95% CI) Ref. 3.22 (2.95-3.52) <0.001
Adjusted OR (95% CI) Ref. 1.72 (1.55-1.91) <0.001

Myocardial infarction

% 1.9% 4.0%

Unadjusted OR (95% CI) Ref. 2.21 (2.10-2.33) <0.001
Adjusted OR (95% CI) Ref. 1.85 (1.74-1.97) <0.001

Stroke

% 5.3% 7.5%

Unadjusted OR (95% CI) Ref. 1.44 (1.38-1.49) <0.001
Adjusted OR (95% CI) Ref. 1.63 (1.51-1.76) <0.001

Vascular complications

% 2.6% 3.3%

Unadjusted OR (95% CI) Ref. 1.28 (1.21-1.36) <0.001
Adjusted OR (95% CI) Ref. 1.20 (1.12-1.28) <0.001

Major bleeding

% 4.9% 8.0%

Unadjusted OR (95% CI) Ref. 1.69 (1.63-1.75) <0.001
Adjusted OR (95% CI) Ref. 1.34 (1.28-1.40) <0.001

Major adverse cardiovascular events

% 7.4% 12.4%

Unadjusted OR (95% CI) Ref. 1.76 (1.70-1.81) <0.001
Adjusted OR (95% CI) Ref. 1.79 (1.71-1.88) <0.001

Net adverse cardiovascular events

% 13.6% 20.8%

Unadjusted OR (95% CI) Ref. 1.66 (1.62-1.70) <0.001
Adjusted OR (95% CI) Ref. 1.47 (1.42-1.52) <0.001

Amputation

% 0.2% 0.4%

Unadjusted OR (95% CI) Ref. 1.56 (1.32-1.84) <0.001
Adjusted OR (95% CI) Ref. 1.03 (0.84-1.27) 0.80

Adjusted for demographics (age, sex, race), hospital characteristics

(region, bed size, teaching status), procedure type (endovascular vs surgi-

cal), and all comorbidities listed in Table 1. OR = odds ratio.
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(87.1%) and 294,469 had AF (12.9%). Baseline characteris-
tics for both groups are summarized in Table 1. Compared
with patients with no AF (mean age 67.1 § 11.8 years),
patients with AF were older (mean age 76.1 § 10.0 years),
more likely to be women and white, and less likely to be Afri-
can American or Hispanic (p <0.001 for all). CLI was more
prevalent in AF patients; whereas, IC was more prevalent in
patients with no AF (p <0.001). Individuals with AF more fre-
quently underwent surgical revascularization and less fre-
quently underwent EVI (p <0.001), compared with non-AF
group. The prevalence of heart failure, previous stroke/TIA,
renal failure, valvular disease, coagulopathy, hypothyroidism,
chronic lung disease, pulmonary circulation disorders, fluid
and electrolytes disorders, neurological disorders, anemia
(deficiency and chronic blood loss), and metastatic cancer
was higher among patients with AF; whereas, smoking, dysli-
pidemia, diabetes (complicated and uncomplicated), hyperten-
sion, CAD, carotid artery disease, previous MI, previous PCI,
previous CABG surgery, obesity, and liver disease were more
prevalent in non-AF patients (p <0.001 for all, except for
hypertension which is 0.002). Elective admissions were less
frequent in patients with AF (31.4% vs 59.1%, p <0.001).

Among PAD patients undergoing surgical revasculariza-
tion, AF was associated with higher risk of in-hospital mortal-
ity (6.4% vs 2.5%, adjusted OR: 1.09 [95% CI: 1.05 to 1.12]
and longer length of hospital stay (median LOS = 7 days;
Interquartile range [IQR] (4 to 13) vs 5 days; [IQR] (3 to 9);
p <0.001), Compared with non-AF group. Patients with AF
had higher incidence of MI (5.7% vs 3.0%, p < 0.001), post-
procedural stroke (9.0% vs 6.2%, p <0.001), major bleeding
(10.6% vs 6.2%, p <0.001), MACE (19.1% vs 10.9%, p
<0.001), and NACE (28.9% vs 18.3%, p <0.001). The inci-
dence of vascular complications was lower in patients with
AF (3.2% vs 3.4%, p <0.001). After multivariate risk adjust-
ment, patients with AF remained to have higher risk of MI,
postprocedural stroke, major bleeding, MACE, and NACE;
and lower risk of vascular complication compared with those
without AF (Table 2). Patients with AF more frequently
underwent major amputation (5.2% vs 3.8%, p <0.001) fol-
lowing surgical revascularization in the same hospitalization
compared with those with no AF, and this difference
remained significant even with multivariate risk adjustment
(adjusted OR: 1.05 [95% CI: 1.02 to 1.08]) (Table 2).

Among PAD patients undergoing endovascular interven-
tion, AF was associated with higher risk of in-hospital mor-
tality (3.8% vs 1.6%, adjusted OR: 1.29 [95% CI: 1.24 to
1.33] and longer length of hospital stay (median LOS = 6
days; [IQR] (2 to 11) vs 3 days; [IQR] (1 to 8); p <0.001),
compared with non-AF group. Patients with AF had higher
incidence of MI (5.1% vs 3.5%, p <0.001), postprocedural
stroke (8.8% vs 6.7%, p <0.001), vascular complications
(3.1% vs 3.0%, p = 0.02), major bleeding (10.1% vs 7.4%,
p <0.001), MACE (16.5% vs 11.2%, p <0.001), and NACE
(26.4% vs 19.4%, p <0.001). After multivariate risk adjust-
ment, patients with AF remained to have higher risk of MI,
postprocedural stroke, vascular complications, major bleed-
ing, MACE, and NACE compared with those without AF
(Table 2). Patients with AF more frequently underwent
major amputation (5.2% vs 3.9%, p <0.001) following EVI
in the same hospitalization compared with those with no
AF, and this difference remained significant even with
multivariate risk adjustment (adjusted OR: 1.07 [95% CI:
1.04 to 1.10]) (Table 2).

In subgroup analysis of patients with IC, individuals
with AF had higher risk of in-hospital mortality (1.5% vs
0.5%, adjusted OR: 1.72 [95% CI: 1.55 to 1.91]) than those
without AF. Compared with non-AF group, risk-adjusted
incidence of MI, postprocedural stroke, major bleeding,
vascular complications, MACE, and NACE was higher in
patient with AF. Only 0.4% of AF patients and 0.2% of
non-AF patients underwent major amputation (p <0.001).
However, there was no difference in risk-adjusted incidence
of major amputation between both groups (adjusted OR:
1.03 [95% CI: 0.84 to 1.27]) (Table 3).

In subgroup analysis of patients with CLI, individuals
with AF had higher risk of in-hospital mortality (4.1% vs
2.0%, adjusted OR: 1.27 [95% CI: 1.22 to 1.32] than those
without AF. Compared with non-AF group, risk-adjusted
incidence of postprocedural stroke, major bleeding, MACE,
and NACE was higher in patient with AF. There was no dif-
ference in risk-adjusted incidence of MI or vascular compli-
cations between both groups (Table 4). AF patients more
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Table 5

In-hospital outcomes in patients with atrial fibrillation and undergoing

limb revascularization using surgical revascularization vs endovascular

intervention

Surgical

revascularization

N = 147,994

Endovascular

intervention

N = 146,475

p-Value

In-hospital mortality

% 6.4% 3.8%

Unadjusted OR (95% CI) Ref. 0.58 (0.56-0.60) <0.001
Adjusted OR (95% CI) Ref. 0.66 (0.63-0.68) <0.001

Myocardial infarction

% 5.7% 5.1%

Unadjusted OR (95% CI) Ref. 0.89 (0.86-0.92) <0.001
Adjusted OR (95% CI) Ref. 0.93 (0.90-0.97) <0.001

Stroke

% 9.0% 8.8%

Unadjusted OR (95% CI) Ref. 0.98 (0.95-1.00) 0.05

Adjusted OR (95% CI) Ref. 0.88 (0.84-0.92) <0.001
Vascular complications

% 3.0% 3.1%

Unadjusted OR (95% CI) Ref. 1.07 (1.02-1.11) 0.003

Adjusted OR (95% CI) Ref. 1.18 (1.13-1.24) <0.001
Major bleeding

% 10.3% 10.4%

Unadjusted OR (95% CI) Ref. 0.98 (0.96-1.01) 0.14

Adjusted OR (95% CI) Ref. 1.04 (1.01-1.07) 0.005

Major adverse cardiovascular events

% 19.1% 16.5%

Unadjusted OR (95% CI) Ref. 0.84 (0.82-0.86) <0.001
Adjusted OR (95% CI) Ref. 0.83 (0.81-0.85) <0.001

Net adverse cardiovascular events

% 28.4% 26.4%

Unadjusted OR (95% CI) Ref. 0.90 (0.89-0.92) <0.001
Adjusted OR (95% CI) Ref. 0.93 (0.92-0.95) <0.001

Amputation

% 5.0% 5.2%

Unadjusted OR (95% CI) Ref. 1.04 (1.01-1.07) 0.03

Adjusted OR (95% CI) Ref. 0.998 (0.96-1.04) 0.91

Adjusted for demographics (age, sex, race), hospital characteristics

(region, bed size, teaching status), clinical presentation (intermittent clau-

dication vs critical limb ischemia), and all comorbidities listed in Table 1.

OR = odds ratio.

Table 4

In-hospital outcomes in patients with critical limb ischemia and undergo-

ing limb revascularization

Atrial fibrillation p-Value

No

(N = 795,082)

Yes

(N = 133,363)

In-hospital mortality

% 2.0% 4.1%

Unadjusted OR (95% CI) Ref. 2.10 (2.03-2.16) <0.001
Adjusted OR (95% CI) Ref. 1.27 (1.22-1.32) <0.001

Myocardial infarction

% 2.9% 4.0%

Unadjusted OR (95% CI) Ref. 1.37 (1.32-1.41) <0.001
Adjusted OR (95% CI) Ref. 1.02 (0.98-1.06) 0.33

Stroke

% 7.4% 8.7%

Unadjusted OR (95% CI) Ref. 1.18 (1.16-1.21) <0.001
Adjusted OR (95% CI) Ref. 1.23 (1.19-1.27) <0.001

Vascular complications

% 1.9% 1.9%

Unadjusted OR (95% CI) Ref. 0.96 (0.92-1.01) 0.08

Adjusted OR (95% CI) Ref. 0.96 (0.92-1.01) 0.12

Major bleeding

% 6.6% 8.8%

Unadjusted OR (95% CI) Ref. 1.37 (1.34-1.40) <0.001
Adjusted OR (95% CI) Ref. 1.12 (1.09-1.15) <0.001

Major adverse cardiovascular events

% 11.7% 15.7%

Unadjusted OR (95% CI) Ref. 1.41 (1.38-1.43) <0.001
Adjusted OR (95% CI) Ref. 1.20 (1.17-1.23) <0.001

Net adverse cardiovascular events

% 18.5% 24.0%

Unadjusted OR (95% CI) Ref. 1.39 (1.37-1.41) <0.001
Adjusted OR (95% CI) Ref. 1.17 (1.15-1.19) <0.001

Major amputation

% 6.9% 8.0%

Unadjusted OR (95% CI) Ref. 1.18 (1.16-1.21) <0.001
Adjusted OR (95% CI) Ref. 1.13 (1.10-1.16) <0.001

Adjusted for demographics (age, sex, race), hospital characteristics

(region, bed size, teaching status), procedure type (endovascular vs surgi-

cal), and all comorbidities listed in Table 1. OR = odds ratio.
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frequently underwent major amputation (8.0% vs 6.9%, p
<0.001) compared with those with no AF, and this difference
remained significant even after multivariate risk adjustment
(adjusted OR: 1.13 [95% CI: 1.10 to 1.16]) (Table 4).

When AF patients were stratified by procedure type
(endovascular vs surgical) (Table 5), the endovascular group
had lower risk of in-hospital mortality (3.8% vs 6.4%,
adjusted OR: 0.66 [95% CI: 0.63 to 0.68] and shorter length
of hospital stay (median LOS = 5 days; [IQR] (2 to 10) vs 7
days; [IQR] (4 to 13); p <0.001) than surgical group. Com-
pared with the surgical group, risk-adjusted incidence of MI,
postprocedural stroke, MACE, and NACE were lower in the
endovascular group. However, endovascular group had
higher risk-adjusted incidence of vascular complications and
major bleeding than surgical group. There was no difference
in risk-adjusted incidence of major amputation between
endovascular and surgical groups (Table 5).

Among PAD patients undergoing limb revascularization,
there was a temporal upward trend for EVI utilization in
patients with and without AF from 2002 to 2014 (Ptrend
<0.001 for both groups). Conversely, the total number surgi-
cal revascularization in PAD patients with and without AF
decreased significantly within the study period (Ptrend <0.001
for both groups) (Figure 2). The peak for change of EVI and
surgical revascularization utilization was noticed in year
2006. The incidence of in-hospital mortality decreased sig-
nificantly within the study period in all PAD patients (includ-
ing CLI and IC) with and without AF (Ptrend <0.001 for all
groups) (Figure 3).
Discussion

In this study of 2,283,568 patients with PAD undergoing
limb revascularization in the United States from 2002 to
2014, we report the following findings: (1) PAD patients
with AF had worse cardiovascular and limb outcomes than
those without AF; (2) these adverse outcomes in AF patients
were seen in patients presenting with IC as well as CLI; (3)
among patients with AF, EVI was associated with lower in-



Figure 3. Annual rate of in-hospital mortality among peripheral artery disease

(Panel C) patients with and without atrial fibrillation. Abbreviations: AF = atrial fi

CLI = critical limb ischemia.

Ptrend <0.001 for all trends.

Figure 2. Annual number of endovascular intervention (Panel A) and sur-

gical revascularization (Panel B) utilization among peripheral artery dis-

ease patients with and without atrial fibrillation. Abbreviation: AF = atrial

fibrillation; Surg revasc = surgical revascularization.

Ptrend <0.001 for all trends.
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hospital mortality but similar risk of major amputation com-
pared with surgical revascularization; (4) during the study
period, EVI increased in PAD patients with and without AF;
whereas surgical revascularization decreased; (5) in-hospital
mortality decreased overtime in all PAD patients undergoing
limb revascularization. Our study findings could help inform
the consent process and periprocedural risk assessment and
may lead to optimization of medical therapies in patients
with atrial fibrillation aimed at reducing bleeding and ische-
mic complications in the perioperative phase.

Among AF patients with symptomatic PAD, low ABI
were found to predict vascular death, MI and stroke/throm-
boembolism.8,13,14 In the Reduction of Atherothrombosis
for Continued Health (REACH) registry, patients with PAD
and AF experienced higher risk of cardiovascular death and
stroke compared with those without AF.15 Furthermore,
Conway and Lip reported high mortality in patients with
symptomatic PAD and AF and considered these patients
high-risk individuals.16 In addition, data from REACH reg-
istry reported higher incidence of major bleeding in PAD
patients with AF compared with those without AF.15 In our
study, PAD patients with AF had higher risk of major
bleeding than those without AF. This might be secondary to
the use of anticoagulants in addition to antiplatelet therapy
in the periprocedural period. Although dual antiplatelet
therapy is often prescribed after EVI, unfortunately, we
were unable to adjust for medication use due to limitation
of NIS database.

Thromboembolism related to AF may contribute to the high
risk of stroke, MI, and major amputation that we observed in
PAD patients with AF.17,18 Thrombogenesis (Virchow’s triad)
(Panel A), critical limb ischemia (Panel B), and intermittent claudication

brillation; PAD = peripheral artery disease; IC = intermittent claudication;
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secondary to inflammation and endothelial injury, platelet acti-
vation, and growth factor changes is important factor that con-
tributes to worse cardiovascular and limb outcomes in PAD
patients with AF. 5,19 In addition, established atherosclerosis in
the systemic circulation may also contribute to worse cardio-
vascular outcome associated with AF in this study.5 Although
multiple studies assessed the association between PAD and AF
in ambulatory patients,8,13,14,20,21 our study is the first to exam-
ine cardiovascular and limb outcomes of PAD population with
AF undergoing limb revascularization procedures.

Over the past decade, the growing utilization of EVI was
associated with a significant reduction in the number of open
revascularization procedures.22−24 The current analysis
reported similar findings among AF patients over study the
duration of the study period with peak change of EVI and
surgical revascularization utilization noticed in year 2006.
This trend has increased focus toward outcomes of EVI due
to high success rate and lower perioperative complications
compared with open approach. In our study, EVI in AF
patients was associated with lower odds of mortality and
adverse outcomes (MI, stroke, MACE, and NACE). Interest-
ingly, our study reported no difference in the rate of major
amputation between EVI and surgical revascularization in
patients with AF. Another NIS study by Sachs et al reported
higher rate of major amputation in EVI when compared with
surgical revascularization.24 However, they examined the
difference between both procedures among all PAD patients
(our study was on AF patients), and the study was conducted
during a different time period (1999 to 2007).

NIS is large, nationally representative database that has
been validated multiple times for accuracy. Nevertheless,
as with all studies that use routinely collected electronic
healthcare data, there are several limitations to our study.
Given the retrospective design, the possibility of unmea-
sured confounding is present due to lack of randomization.
The NIS does not capture information about frailty or the
severity of comorbid conditions that may preclude inter-
vention. This analysis also relied on ICD-9-CM codes and
there were no information on key variables related to limb
revascularization such as indication, complexity, duration
and success rate of the procedures. The dataset also lacked
information on the Trans-Atlantic Inter-Society Consensus
Document II classification and target lesion localization
(below vs above knee); which could have confounded
the outcome analysis. Furthermore, medications are not
available in this dataset and the analysis was limited to in-
hospital outcomes as follow up after discharge was not
available.

In summary, limb revascularization in PAD patients
with AF is associated with higher in-hospital mortality,
higher risk of adverse cardiovascular and limb outcomes,
and prolonged hospital stay compared with patients with-
out AF. Among PAD patients with AF, endovascular inter-
vention is associated with lower in-hospital mortality and
similar risk of major amputation compared with surgical
revascularization.
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