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Peripheral vascular disease (PVD) is common in patients referred for transcatheter aortic
valve implantation (TAVI). We sought to investigate the impact of PVD on patients who
underwent TAVI. Using data from the National Inpatient Sample database 2011 and 2014,
we identified patients who had undergone TAVI. We studied the clinical characteristics
and procedural outcomes in patients with PVD who underwent TAVI compared with those
patients without PVD using propensity score matching score matching. Results:
A total of 42,215 patients underwent TAVI; of which 1,388 patients were matched using
propensity score matched scores to 694 in each (PVD vs no PVD) patients. The population
had a mean age of 81 years old and 55.8% were of female gender. African-Americans con-
stituted 4.3%. PVD patients who underwent TAVI were found to have higher rates of vas-
cular complications (11.8% vs 5.9 % p <0.001) compared with non-PVD patients and
tended to have higher mortality (5.5% vs 3.6%, p = 0.121) and post-TAVI bleeding (13.5%
vs 12% p = 0.143). In conclusion, PVD patients have higher in-hospital mortality and
higher incidence of in-hospital overall complications compared with patients who have no
PVD. © 2019 Elsevier Inc. All rights reserved. (Am J Cardiol 2019;124:416−422)
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One of 8 people aged 75 years and older have moderate
to severe aortic valve stenosis (AS).1 Transcatheter aortic
valve implantation (TAVI) has evolved as a new treatment
option for inoperative patients initially, then an alternative
for high-risk and now intermediate-risk patients.2 Given the
overlap in risk factors between peripheral vascular disease
(PVD) and TAVI, it is not uncommon to encounter PVD as
a co-morbidity in patient who has been referred for TAVI
procedure.3 TAVI has evolved as procedure of choice as it
has less post-op complications. However, vascular compli-
cations are more common in TAVI compared with surgical
aortic valve replacement (SAVR) (11% vs 3.2%),4 particu-
larly in (PVD) patients.5 Owing to the large diameter of
current devices and generalized atherosclerotic disease in
patients with PVD. Indeed, multiple reports demonstrated
the prevalence of PVD in patients referred for TAVI ranges
from 20% to 30%.6,7 PVD is associated with worse out-
comes in the general population and in TAVI,8 however,
the prognostic impact of PVD in patients with severe AS
who underwent TAVI is not well established. Hence, we
sought to investigate the association of PVD with clinical
outcomes in patients with severe AS who underwent TAVI
in a national cohort of patients.
Methods

This is a retrospective study using the National Inpatient
Sample (NIS) database from 2011 to 2014. The NIS is a
publicly available identified database of hospital discharges
in the United States, containing data from approximately
8 million hospital stays in each year that were selected
using a complex probability sampling design and the
weighting scheme recommended by the Agency for Health-
care Research and Quality which is intended to represent
all discharges from nonfederal hospitals. We included all
patients, regardless the access site, who were ≥18 and
underwent TAVI. PVD patients were identified with diag-
noses of atherosclerosis of the extremities with intermittent
claudication, resting pain, ulceration and/or gangrene. We
identified 42,215 patients who undergone TAVI as a pri-
mary procedure using the International Classification of
Disease, Ninth Edition, Clinical Modification (ICD-9-CM)
codes (35.05 and 35.06), out of which 3,930 patients with
PVD diagnosis using the codes (093.0, 437.3, 440.x, 441.x,
443.1 - 443.9, 447.1, 557.1, 557.9, and V43.4) (Figure 1),
supplemental Table 1S summarizes ICD-9 codes used for
other co-morbidities. The primary outcome was in-hospital
mortality. Secondary outcomes were in-hospital
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NIS data > 8 
million pa�ents
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underwent TAVR
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underwent TAVR

with no PVD
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Matched 

694pa�ents 

3930 pa�ents 
underwent TAVR 

with PVD

Propensity 
Matched 694 

pa�ents

Figure 1. Inclusion criteria and exclusion criteria.
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complications which included: (1) hemorrhage requiring
blood transfusion; (2) vascular complications (injury to
blood vessels, accidental puncture, injury to retroperito-
neum, vascular complications requiring surgery); (3) hemo-
pericardium, cardiac tamponade, pericardiocentesis,
permanent pacemaker implantation; (4) respiratory compli-
cations (postprocedural pneumothorax, postprocedural pul-
monary edema, pulmonary collapse, prolonged mechanical
ventilation >96 hours, tracheostomy); (5) postprocedural
stroke; and (6) acute kidney injury (AKI; Table 1). Data
were expressed as weighted mean values § standard devia-
tion or median with interquartile range and frequencies
with percentages for categorical variables. Independent t
tests were used for the comparison of continuous variables
measurements, whereas chi-square test for categorical vari-
ables. Weighted values of patient level observations were
generated to produce a nationally representative estimate of
the entire US population of hospitalized patients. Univari-
ate and multivariate logistic regression analysis were used
to study the association between the PVD and outcomes
after TAVI. A stepwise logistic regression analysis
Table 1

Studied primary and secondary outcomes

Primary outcome Secondary outcomes

In-hospital mortality Hemorrhage requiring blood and

Vascular complications (injury to blood vessels,

accidental puncture, injury to retroperitoneum,

vascular complications requiring surgery

Transfusion (hemopericardium, cardiac tampo-

nade, pericardiocentesis, permanent pace-

maker (PPM) implantation, and conversion to

open-heart surgery

Respiratory complications (postprocedural

pneumothorax, postprocedural pulmonary

edema, pulmonary collapse, prolonged

mechanical ventilation >96 hours,
tracheostomy)

Postprocedural stroke

Acute kidney injury (AKI)
including all variables with p value <0.2 in the univariate
analysis was used to determine the predictive factors of the
primary outcome. The following variables were included
in the model for the prediction of demographics (age, race,
and gender), urgency of TAVI (elective vs emergent),
Elixhauser co-morbidities, TAVI access (endovascular or
transapical), insurance type, and socioeconomic status. We
performed a subgroup analysis by further stratifying
patients for TAVI access for all outcomes. To further
explore the validity of our findings, we performed propen-
sity score-matching analysis between PVD and non-PVD
groups. All patients in both groups were matched for base-
line characteristics, hospital characteristics, patients’
socioeconomic status and insurance, and urgency of the
procedure in 1:3 propensity score matching analysis, using
nearest neighbor method. For the trend analysis,
Cochrane-Armitage test was used to determine the pres-
ence of a linear trend between PVD and TAVI utilization
over the studied calendar years. SPSS version 25 software
(IBM Corp, Armonk, New York) was used for all statisti-
cal analyses.
Results

A total of 42,215 patients underwent TAVI procedure
between 2011 and 2014. There were 3,930 patients with
PVD and 38, 285 with no significant-PVD. Both groups
were of comparable age. Patients characteristics are sum-
marized in Table 2. In the multivariate regression model,
we used non-PVD as a reference. Patients with PVD had a
significantly higher in-hospital mortality compared with
the non-PVD group (5.2% vs 4.1% odds ratio [OR] 1.29,
95% confidence interval [CI] 1.12 to 1.51, p = 0.001). Fur-
thermore, PVD patients were found to have more need for
blood transfusion post-TAVI (14.2% vs 11.7% OR 1.23,
95% CI 1.12 to 1.35, p <0.001). Similarly, PVD patients
had a higher rates of vascular complications (11.8% vs
5.5% OR 2.30, 95% CI 2.05 to 2.56, p <0.001) cardiac
complications (12.2% vs 9.1% OR 1.39, 95% CI 1.25 to
1.52, p <0.001) and postprocedural stroke (1.9% vs 1.3%
OR 1.45, 95% CI 1.14 to 1.85, p = 0.003), AKI (20.4% vs
18.6% OR 1.23, 95% CI 1.03 to 1.21, p = 0.005) and respi-
ratory complication (14.9% vs 13.4% OR 1.13, 95% CI
1.03 to 1.24, p = 0.008) Table 4. After propensity matching
(Table 3) we included a total of 1,388 patients who had
similar co-morbidities divided into 2 equal groups of 694
patients each. Analysis showed mortality rate tended to be
higher in the PVD group compared with non-PVD (5.5%
vs 3.6% OR1.55, 95% CI 0.925 to 2.59, p = 0.09). PVD
group also had higher rates of post-TAVI vascular compli-
cations (11.8% vs 5.9% OR 1.07, 95% CI 1.44 to 3.15,
p <0.001) compared with non-PVD patients Table 5.
There were 33,684 (80%) patients who underwent endo-
vascular access. Only 3,029 patients had PVD (8.9%) ver-
sus 30,655 (91.1%) non-PVD. In contrast, 8531 (20%)
who underwent transapical access, 901 patients (10.6%)
with PVD versus 7630 (89.4%) had no PVD. Patients with
PVD who had undergone TAVI through transapical access
had similar in-hospital mortality compared with patients
without PVD with no statistical differences observed
(5.4% vs 5.4%, OR 1.19, 95% CI 0.82 to 1.71 p = 0.361.



Table 2

Patients characteristics who underwent transcatheter aortic valve implanta-

tion stratified by peripheral vascular disease status

Variable PVD group

(n = 3930)

Non-PVD group

(n =38285)

p value

Age (years) 80.97§ 8.214 81.15 § 8.876 0.054

Women 47.1% 48.9% <0.001
White 87.2% 87.2%

Black 3.6% 3.8%

Hispanic 3.8% 3.8%

Asian 1.1% 1.1%

Native American 0.3% 0.2%

Other 1.0% 3.9%

Endovascular access 3029 30,655

Transapical access 901 7,630

Atrial fibrillation 45.9% 44.1% 0.001

Coronary artery disease 75.9% 65.1% <0.001
Alcohol disorders 1.4% 1.1% 0.008

Anemia 28.3% 26.7% 0.001

Congestive heart failure 74.6% 73.6% 0.030

Chronic lung disease 34.0% 25.0% <0.001
Coagulopathy 25.4% 23.4% <0.001
Mood disorders 7.9% 7.6% 0.360

Diabetes, uncomplicated 31.7% 31.0% 0.164

Diabetes, complicated 9.4% 7.2% <0.001
Drug abuse 1.0% 0.6% <0.001
Hypertension 84.4% 80.3% <0.001
Hypothyroidism 18.7% 20.9% <0.001
Liver Disease 4.4% 4.3% 0.846

Lymphoma 2.1% 2.3% 0.212

Metastatic cancer 0.0% 0.1% 0.222

Chronic kidney disease 42.2% 35.8% <0.001
Pulmonary disorders 23.5% 22.5% 0.019

Psychosis 0.9% 1.0% 0.544

Peptic ulcer disease 2.5% 1.7% <0.001
Severe malnutrition 7.0% 6.5% 0.070

Hyperlipidemia 70.1% 62.0% <0.001
Current smoking 4.0% 2.7% <0.001

Table 3

Propensity matched patients characteristics who underwent transcatheter

aortic valve implantation stratified by peripheral vascular disease status

Variable PVD group

(n = 694)

Non-PVD group

(n = 694)

p value

Age 80.63 80.73 0.822

Women 50.6% 51% <0.914
White 86.6% 87.5%

Black 3.9% 3.7%

Hispanic 4.2% 3.3%

Asian 1.3% 1.4%

Native American 0.1% 0.4%

Other 3.9% 3.6%

Elective hospitalization 75.5% 75.6% 0.950

Atrial fibrillation 45.0% 45.5% 0.871

Coronary artery disease 74.1% 74.4% 0.951

Alcohol disorders 1.3% 1.6% 0.823

Deficiency Anemia 25.4% 25.2% 0.631

Congestive heart failure 11.7% 10.2% 0.493

Chronic lung disease 34.9% 38.5% 0.181

Coagulopathy 25.6% 25.4% 0.951

Mood disorders 6.5% 5.6% 0.574

Diabetes, uncomplicated 25.5% 28.1 0.303

Diabetes, complicated 8.6% 8.1% 0.771

Drug abuse 0.1% 0.0% 0.239

Hypertension 79.4% 77.8% 0.513

Hypothyroidism 18.0% 18.8% <0.001
Liver Disease 3.0% 2.6% 0.746

Lymphoma 1.2% 1.3% <0.001
Chronic kidney disease 37.8% 37.2% 0.868

Pulmonary disorders 3.7% 3.3% 0.717

Psychosis 2.4% 2.6% <0.001
Hyperlipidemia 65.4% 66.3% 0.777

Smoking 3.0% 2.9% <0.001
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Patients with PVD who underwent transapical access had
higher vascular complications (12.6% vs 6.6% OR 2.34,
95% CI 2.06 to 2.65, p <0.001) and cardiac complication
(14.9% vs 11.4% OR 1.34, 95% CI 1.06 to 1.67, p =
0.015). Patients with PVD who underwent TAVI with
endovascular access had high in-hospital mortality com-
pared with patients without PVD (5.3% vs 3.8% OR 1.32,
95% CI 1.09 to 1.59, p = 0.003), had higher rates of vascu-
lar complications (3.8% vs 5.8% OR 1.63, 95% CI 1.35 to
1.97, p <0.001), Hemorrhage that required transfusion
(13.1% vs 10.4% OR 1.20, CI 1.07 to 1.36, p = 0.003), car-
diac complications (11.4% vs 8.5% OR 1.45, CI 1.28 to
1.64, p <0.001) and postprocedure stroke (2.2% vs 1.3%
OR 1.54, 95% CI 1.12 to 2.12, p = 0.007) were all higher
in patients with PVC. All outcomes are summarized in
Figure 2. The stratified model for either the transapical
access or endovascular access had no statistically signifi-
cant difference in hemorrhage requiring transfusion, post-
procedure stroke, respiratory complications, permanent
pacemaker placement, and AKI when compared with non-
PVD patients. The total number of aortic valve implanta-
tion patient increased from 2011 to 2014 Figure 3. Mortal-
ity over those years is also shown in Figure 4.
Discussion

The main findings of the current study are: (1) patients
with PVD who underwent TAVI have higher in-hospital
mortality compared with those who have no PVD. (2) PVD
patients were more likely to have higher rates of overall
complications particularly vascular and post-TAVI hemor-
rhage. Regardless the access type, vascular complications
were higher in PVD group compared with non-PVD. The
presence of PVD had significant impact on developing
post-TAVI complications especially vascular complica-
tion. Multiple previous reports showed that vascular com-
plications were the most common complications in
patients who underwent percutaneous catheter interven-
tions with a 30-day mortality of 16.9% compared with
6.6% in patients without vascular complications.9 Further-
more, having PVD was associated with increased 30 day
and in-hospital mortality in small series.10,11 Hayashida et
al, in a cohort that included 285 patients, reported that
female gender, Sheath to femoral artery ratio, center expe-
rience and femoral calcification played an important role
in predicting occurrence of vascular complication in
patients who underwent transfemoral access. The authors
suggested that applying a cut-off value of 1.05 for sheath
to femoral artery ratio may decrease the rate of vascular
complications.11 Also, in our study, PVD patients were
noted to have higher risk of bleeding post-TAVI compared

www.ajconline.org


Table 4

Outcomes stratified by presence or absence of peripheral vascular disease

Outcome PVD (n = 3930) Non-PVD (n = 38285) Unadjusted odds ratio (95% CI) Unadjusted p value

In-hospital mortality 5.3% 4.1% 1.03 (0.92-1.14) 0.607

Endovascular 5.3% 3.8% 1.42 (1.20-1.68) 0.979

Transapical 5.4% 5.4% 1.04 (0.77-1.40) 0.430

Hemorrhage requiring transfusion 14.1% 11.7% 1.23 (1.12-1.35) <0.001
Endovascular 13.8% 10.4% 0.27 (1.16-1.46) <0.001
Transapical 17.5% 17.1% 1.02 (0.085-1.23) 0.785

Vascular complications 11.8% 5.5% 2.30 (2.07-2.56) <0.001
Endovascular 12.6% 6.6% 2.23 (1.99-2.51) <0.001
Transapical 8.9% 3.2% 2.90 (2.23-3.78) <0.001

Cardiac complications 12.2% 9.1% 1.39 (1.25-1.53) <0.001
Endovascular 11.4% 8.5% 1.39 (1.23-1.56) <0.001
Transapical 14.9% 11.4% 1.36 (1.12-1.66) 0. .002

Permanent pacemaker implantation 9.6% 10.2% 0.93 (.83-1.04) 0.242

Endovascular 10.3% 11.2% 0.91 (0.80-1.03) 0.151

Transapical 7.8% 6.3% 1.24 (0. 95-1.61) 0.099

Respiratory complications 14.9% 13.4% 1.134 (1.03-1.24) 0.008

Endovascular 12.9% 11.2% 1.17 (1.05-1.31) 0.005

Transapical 22.2% 22.3% 0.99 (0.84-1.17) 0.921

Postprocedural stroke 1.9% 1.3% 1.45 (1.14-185) 0.003

Endovascular 2.2% 1.4% 1.67 (1.28-2.75) <0.001
Transapical 1.1% 1.4% 0.77 (0.40-1.48) 0.304

Acute kidney injury 20.4% 18.6% 1.23 (1.03-1.21) 0.005

Endovascular 19.3% 17.1% 1.16 (1.06-1.28) 0.002

Transapical 23.7% 24.6% 0.95 (0.81-1.12) 0.574

Table 5

Outcomes after propensity match scoring stratified by presence or absence of PVD

Outcome PVD (n = 694) Non-PVD (n = 694) Odds ratio (95% CI) p value

In-hospital mortality 5.5% 3.6% 1.55 (0.92-2.59) 0.121

Hemorrhage requiring transfusion 13.5% 12.0% 0.14 (0.84-1.58) 0.143

Vascular complications 11.8% 5.9% 2.13 (1.44-3.15) <0.001
Cardiac complications 12.4% 10.7% 1.18 (0.85-1.64) 0.178

Permanent pacemaker implantation 9.8% 11.4% 0.84 (0.60-1.19) 0.383

Respiratory complications 14.3% 15.7% 0.11 (0.66-1.19) 0.499

Postprocedural Stroke 1.9% 1.6% 1.18 (0.52-2.66) 0.837

Acute kidney injury 20.3% 21.2% 0.95 (0.73-1.23) 0.741
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with non-PVD. Post-TAVI bleeding may be due to differ-
ent etiologies. Baumann et al reported that overall Hyper-
tension, Abnormal renal and liver function, Stroke,
Bleeding, Labile INR, Elderly, Drugs or alcohol (HAS-
BLED) score was higher in patients who have PVD to
begin with which put them at higher risk of bleeding.12

Another paper by Piccolo et al showed that higher Society
of Thoracic Surgery (STS) score had association with non-
access site bleeding.13 However, regardless the bleeding
site, postprocedure bleeding was associated with increased
in-hospital mortality. It is not surprising that patients who
undergo TAVI have a high prevalence of renal insuffi-
ciency, as most of patients who underwent TAVI often had
multimorbid conditions that precluded them from SAVR.
In our study, this was relevant in PVD group as they had
more Chronic Kidney Disease (CKD) compared with non-
PVD patients (42.2% vs 35.8%). Our results are supported
by a meta-analysis that showed the CKD burden in PVD
patients was high and estimated to be 25%,14 and in another
study renal failure and end stage renal disease were
associated with worse in-hospital outcomes.15 Minor differ-
ences in the rates of postprocedural stroke, respiratory and
cardiac complications all contributed to worse in-hospital
outcome in PVD group.

Our study analyses 4-year data from the NIS data which
is the largest publically available database. To our knowl-
edge, this is the largest TAVI population studied for the
effect of PVD on patients who underwent TAVI which
increase the generalizability of the results. The study has
limitations as it was a retrospective observational study,
which poses a possible selection bias and unmeasured con-
founding factors as there was no follow-up beyond the
same hospital admission. Further, NIS is an administrative
database which could be subject to inaccurate coding and
underreporting of co-morbid diagnoses. Also, the inability
to determine the severity of peripheral vascular disease was
also one of the major limiting factors. There is lack of a val-
idated measure of operative risk such as Society of Tho-
racic Surgeon score due to the lack of available information
but this was compensated by performing an extensive
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regression model adjusting for the effect of co-morbidities
and other relevant factors. There is missing information on
the type of device used, anesthesia type and the amount of
contrast used which pose possible cofounding factors.
Given that the data used was between the years of 2011 and
2014, the assumption of the use of Edwards SAPIEN Valve
(Edwards Lifesciences, Irvine, California) could be valid as
the Medtronic CoreValve (Medtronic, Minneapolis, Minne-
sota) received Food and Drug Administration approval in
January 2014. Nonetheless, our analyses were not adjusted
for those missing factors.

In conclusion, this analysis of nationally representative
cohort that included roughly 42,000 patients who under-
went TAVI in the United States. We found that PVD
patients have more co-morbid condition, higher in-hospital
mortality and higher incidence of in-hospital overall com-
plications compared with patients who have no PVD. The
popularity of TAVI is increasing and nowadays moderate
risk patients are also being offered to undergo TAVI which
translated into increase of TAVI utilization over the last
few years (Figure 3), parallel to this trend, we can see the
decrease of mortality in patients who underwent TAVI.
However, PVD patients continue worse when compared
with non-PVD patients (Figure 4).
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