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In-Hospital Outcomes of Transcatheter Aortic Valve
Implantation in Patients With End-Stage Renal Disease
on Dialysis from a Large National Database
Nirmanmoh Bhatia, MDa,*, Sahil Agrawal, MDb, Sushan Yang, MDc, Kapil Yadav, MDd,
Manyoo Agarwal, MDe, Lohit Garg, MDf, Nayan Agarwal, MDg, Jamshid Shirani, MDb, and
Joseph L. Fredi, MDa
The outcomes of patients with end-stage renal disease on dialysis (chronic kidney disease
stage 5 on dialysis [CKD 5D]) who undergo transcatheter aortic valve implantation (TAVI)
are not well described due to the exclusion of this group in randomized trials. We analyzed the National Inpatient Sample database and compared clinical characteristics and
in-hospital outcomes for patients with CKD 5D versus those without CKD 5D (nondialysis
group) who underwent TAVI in 2011 to 2014 in the United States. The study population
included 1,708 patients (4%) with CKD 5D and 40,481 patients (96%) without CKD 5D
who underwent TAVI. Patients with CKD 5D were younger (75.3 ± 9.9 vs 81.4 ± 8.4 years,
p <0.001), more likely to be men (62.8% vs 52%, p <0.001), and less likely to be Caucasian (73.6% vs 87.8%, p <0.001). Patients with CKD 5D were more likely to have congestive
heart failure (16% vs 11.7%, p <0.001), diabetes with chronic complications (19% vs 5.4%,
p <0.001), hypertension (86.5% vs 79.3%, p <0.001), and peripheral vascular disease (34.5%
vs 29.4%, p <0.001), but were less likely to have atrial fibrillation (38.6% vs 44.8%, p <0.001)
and chronic pulmonary disease (27.5% vs 33.6%, p <0.001). In-hospital mortality was significantly higher in the dialysis group (8.2% vs 4%; adjusted odds ratio 2.21, 95% confidence
interval1.81 to 2.69, p <0.001) after adjusting for age, gender, co-morbidities, and hospital
characteristics in a robust multivariate regression model. In conclusion, patients with CKD
5D who undergo TAVI have a higher in-hospital mortality than those without CKD
5D. © 2017 Elsevier Inc. All rights reserved. (Am J Cardiol 2017;120:1355–1358)
Chronic kidney disease (CKD) is an independent predictor of procedural complications with percutaneous
interventions, and these patients have a significantly higher
risk of vascular and procedural complications as well as inhospital deaths.1 Whether these differences in outcomes persist
with transcatheter aortic valve implantation (TAVI) is unclear.
A recent small study found similar outcomes of TAVI in patients with end-stage renal disease (ESRD) compared with
historical data of surgical valve replacement (SAVR) in this
group.2 Therefore, we sought to evaluate the in-hospital outcomes of patients with ESRD on dialysis (chronic kidney
disease stage 5 on dialysis [CKD 5D]) who underwent TAVI
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compared with those without CKD 5D using the nationwide inpatient sample database.
Methods
We analyzed data from the Nationwide Inpatient Sample
(NIS) for years 2011 through 2014. The NIS contains data
on inpatient hospital stays from all states participating in the
Healthcare Cost and Utilization Project and provides data on
roughly 8 million hospitalizations from about 1,000 hospitals each year.3 The NIS is designed to approximate a 20%
stratified sample of U.S. community hospitals, defined as “all
non-federal, short-term, general, and other specialty hospitals, excluding hospital units of institutions,” representing
more than 95% of the U.S. population. Details of the NIS
database have been described in previous publications.4
Discharge weights provided by the NIS allow extrapolation
to calculate expected national hospitalization rates.3
We used the International Classification of Diseases, Ninth
Edition, Clinical Modification (ICD-9-CM) codes 35.05 and
35.06 to identify all patients 18 years of age or older who
underwent TAVI from 2011 to 2014. Patients were stratified
into groups of those on dialysis due to ESRD (CKD 5D), and
the remainder constituted the control or the nondialysis group
based on methods validated in previous studies from NIS.4
We chose the principal diagnosis because it is considered
the primary reason for hospital admission. Hospitalizations
with missing data on patient age, gender, length of stay (LOS),
or in-hospital death were excluded from analysis. We also
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excluded discharges in which patients were admitted and discharged alive on the same day. Lastly, we excluded discharges
in which patients were hospitalized from other hospitals to
avoid duplication of records. ICD-9-CM codes used to identify patient co-morbidities, in-hospital procedures, and
outcomes are listed in Supplementary Table S1, which accompanies this article.
Baseline patient characteristics included demographics
(age, gender, and race or ethnicity), the primary expected payer,
the median household income for the patient’s ZIP code, and
other clinically relevant co-morbidities described in Table 1.
We also studied hospital level variables, such as teaching status,
bed size (small, medium, and large), hospital region (Northeast, Midwest, South, and West), and location (rural or urban).
The primary outcome of the study was all-cause inhospital mortality. The secondary outcomes were LOS,
occurrence of post-TAVI stroke, permanent pacemaker (PPM)
implantation, vascular complications, iatrogenic cardiac complications, complications leading to open heart surgery,
hemorrhage requiring transfusion, respiratory complications, and a composite of any postprocedure adverse event,
which were identified using respective ICD-9-CM codes listed
in Supplementary Table S1.
Weighted data were used for all statistical analyses. Categorical variables were expressed as frequency, and continuous
variables were expressed as mean ± standard deviation. Pearson
chi-square or Fischer’s exact tests were used to compare categorical variables, and the Student t test was used to compare
continuous variables. To determine the associations between
CKD 5D status and outcomes of interest, a multivariable logistic regression model was constructed. Variables included
in this model were age, gender, primary expected payer,
median household income, co-morbidities, and hospital characteristics (region, bed size, location, and teaching status).
Race and ethnicity data were missing in ~24% of the study
population and were therefore not included in this model. Odds
ratios and 95% confidence intervals were used to report the
results of the logistic regression. All p values were 2-sided,
with a significance threshold of <0.05. Statistical analyses were
performed using IBM SPSS Statistics Version 23.0 (IBM Corporation, Armonk, New York).
Results
In January 2011 to December 2014, a total of 8,463 patients corresponding to a national estimate of 42,189 underwent
TAVI. Of these, 1,708 (4%) had CKD 5D (dialysis group) and
the remainder 40,481 (96%) patients constituted the control
group (nondialysis group). Patients in the dialysis group were
younger, more likely to be male, and less likely to be Caucasian (Table 1). Hospital characteristics, including bed size,
teaching status, region, and urban location, were similar
between the 2 groups (Table 1). Patients in the dialysis group
had a higher prevalence of congestive heart failure, diabetes
with chronic complications, hypertension, and peripheral vascular disease but had a lower prevalence of atrial fibrillation
and chronic pulmonary disease (Table 1).
Patients in the dialysis group had a 2.21 times higher incidence of in-hospital death than those not on dialysis after
adjusting for age, gender, co-morbidities, and hospital characteristics in a robust multivariate regression model (Table 2).

Table 1
Baseline demographics, hospital characteristics and co-morbidities of patients who underwent transcatheter aortic valve implantation in the United States
from 2011–14
Variable

Age (Mean± SD)
Male
Female
White*
Black
Hispanic
Asian or Pacific Islander
Native American
Other
Non-Elective Hospitalization
Primary expected payer
Medicare
Medicaid
Private insurance
Self-pay
No charge
Other
Median household
income (percentile)
0 to 25th
26th to 50th
51st to 75th
76th to 100th
Bed size†
Small
Medium
Large
Urban Location
Teaching Hospital
Region
Northeast
Midwest
South
West
Transfemoral TAVI
Atrial Fibrillation‡
Coronary Artery Disease‡
Heart Failure‡
Chronic Pulmonary Disease‡
Uncomplicated Diabetes ‡
Diabetes with Chronic
Complications‡
Hypertension‡
Obesity‡
Peripheral Vascular Disease‡

Dialysis

p value

No
(N = 40,481)

Yes
(N = 1,708)

81.4 ± 8.4
21,042 (52%)
19,439 (48%)
33,060 (87.8%)
1287 (3.4%)
1396 (3.7%)
400 (1.0%)
70 (0.2%)
1452 (3.9%)
9,451 (23.4%)

75.3 ± 9.9
1073 (62.8%)
635 (37.2%)
1168 (73.6%)
240 (15.1%)
75 (4.7%)
30 (1.9%)
10 (0.6%)
65 (4.1%)
664 (38.9%)

36,453 (90.2%)
404 (1%)
2,860 (7.1%)
175 (0.4%)
15 (0.01%)
519 (1.3%)

1,513 (89.1%)
45 (2.7%)
100 (5.9%)
15 (0.9%)
0 (0%)
25 (1.5%)

<0.001
<0.001
<0.001
<0.001
<0.001
<0.05
<0.01
<0.01
0.648
<0.001
0.460

<0.001
8177 (20.6%)
9,871 (24.8%)
10,221 (25.7%)
11,490 (28.9%)

440 (25.8%)
429 (25.1%)
439 (25.7%)
400 (23.4%)

1,925 (4.8%)
6,462 (16%)
32,095 (79.3%)
40,186 (99.3%)
36,039 (89.0%)

70 (4.1%)
325 (19%)
1,313 (76.9%)
1698 (99.4%)
1,533 (89.8%)

10,432 (25.8%)
8,975 (22.2%)
13,763 (34%)
7,311 (18.1%)
32,412 (80.1%)
18,155 (44.8%)
2971 (7.3%)
4,720 (11.7%)
13,601 (33.6%)
11,559 (28.6%)
2,171 (5.4%)

435 (25.5%)
339 (19.8%)
684 (40.0%)
250 (14.6%)
1,353 (79.2%)
660 (38.6%)
105 (6.1%)
274 (16%)
470 (27.5%)
494 (28.9%)
535 (19%)

0.388
<0.001
0.07
<0.001
<0.001
0.744
<0.001

32,094 (79.3%)
5,699 (14.1%)
11,898 (29.4%)

1,478 (86.5%)
220 (12.9%)
589 (34.5%)

<0.001
0.167
<0.001

0.184

0.58
0.304
0.849

TAVI = Trans-catheter aortic valve implantation.
* Data for Race was available in 39,253 patients (37,665 not on dialysis
and 1,588 on dialysis).
†
Number of beds categories is specific to hospital location and teaching
status, available at http://www.hcup-us.ahrq.gov/db/vars/hosp_bedsize/
nisnote.jsp.
‡
As pre-defined in the database or extracted from the database using
International Classification of Diseases, Ninth Edition, Clinical Modification Diagnosis or Clinical Classification Software codes (Supplementary
Table S1).
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Table 2
Outcomes of patients who underwent transcatheter aortic valve implantation in the United States from 2011-14
Outcomes

Dialysis

All-cause in-hospital mortality
Post-TAVI stroke
Permanent pacemaker implantation
Vascular complications
Iatrogenic cardiac complications
Open heart surgery
Any respiratory complication
Hemorrhage requiring transfusion
Any post-TAVI adverse event
Length of stay in days (mean ± SD)

No
(N = 40,481)

Yes
(N = 1,708)

1628 (4%)
578 (1.4%)
4074 (10.1%)
2781 (6.9%)
3786 (9.4%)
675 (1.7%)
5445 (13.5%)
4657 (11.5%)
16,573 (40.9%)
7.88 ± 7.01

140 (8.2%)
10 (0.6%)
215 (12.6%)
145 (8.5%)
170 (10%)
45 (2.6%)
265 (15.5%)
299 (17.5%)
879 (51.5%)
12.46. ± 11.53

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

2.13 (1.78–2.55), p < 0.001
0.41 (0.22–0.76), p < 0.01
1.29 (1.11–1.49), p < 0.01
1.26 (1.06–1.50), p < 0.05
1.07 (0.91–1.26), p = 0.41
1.60 (1.18–2.17), p < 0.01
1.18 (1.03–1.35), p < 0.05
1.63 (1.43–1.86), p < 0.001
1.53 (1.39–1.69), p < 0.001
p < 0.001

2.21 (1.81–2.69), p < 0.001
0.40 (0.20–0.81), p < 0.05
1.37(1.17–1.59), p < 0.001
1.36 (1.13–1.63), p < 0.01
1.24 (1.04–1.47), p < 0.05
1.02 (0.74–1.42), p = 0.9
0.95 (0.82–1.1), p = 0.5
2.16 (1.87–2.48), p < 0.001
1.61 (1.45–1.79), p < 0.001

CI = Confidence interval; OR = Odds ratio; TAVI = Trans-catheter aortic valve implantation.

Post-TAVI stroke was significantly lower in the dialysis group,
but PPM implantation, vascular complications, iatrogenic
cardiac complications, hemorrhage requiring surgery, and any
post-TAVI adverse event were significantly higher in the dialysis group after adjusting for confounders (Table 2).
Discussion
In this large, multicenter, real-world data, we were able
to demonstrate that patients with ESRD on dialysis (CKD 5D)
who undergo TAVI have a higher in-hospital mortality and
a higher risk of post-TAVI adverse events, including PPM
placement, vascular complications, iatrogenic cardiac complications, and hemorrhage requiring transfusions than those
not on dialysis. These data suggest that the decision to perform
TAVI in patients with CKD 5D should be individualized, carefully assessing the risk and benefit with meticulous pre- and
intraprocedural planning and postprocedural care to avoid
adverse events in this high-risk subgroup. The in-hospital mortality of the dialysis group at 8.2% is high; however, given
that over 50% of untreated patients with severe AS die at 5
years5 and operative mortality for SAVR in patients with ESRD
with severe AS approaches 20%,2 TAVI may still be the best
therapeutic option for severe AS in patients with CKD 5D.
Patients with CKD 5D who underwent TAVI were younger.
This finding is consistent with previous data suggesting that
patients with ESRD not only develop AS earlier but have a
faster progression to severe AS, attributed to the underlying
metabolic abnormalities (calcium and phosphate metabolism).6
The dialysis group had a significantly higher prevalence of
co-morbidities such as hypertension, diabetes with complications, peripheral vascular disease, and congestive heart failure
compared with patients without ESRD. This finding is expected as many co-morbidities are independent risk factors
for developing CKD and ESRD.7
We observed a higher rate of post-TAVI PPM implantation in the dialysis group. This finding may be attributed to
a higher prevalence of conduction system abnormalities in
patients with ESRD,8 which can predict post-TAVI PPM
implantation.9 Some studies have also shown that a higher
calcium score (more frequent and severe in patients with
ESRD) may predict post-TAVI PPM implantation10; however,

this remains controversial.11 Given the nature of the database, we could not obtain details on preexisting conduction
system abnormalities, calcium scores, or types of prosthesis
(self-expanding vs balloon expandable). Patients with ESRD
are known to have a higher incidence of bleeding abnormalities, likely due to abnormal platelet function.12 This can
predispose this subgroup to a high incidence of bleeding and
vascular complications after invasive procedures such as
percutaneous coronary interventions.13 Therefore, our results
reporting a higher rate of vascular complications in this group
are expected.
The higher LOS observed in the dialysis group (Table 2)
could be due to the higher incidence of post-TAVI complications such as vascular complications, PPM implantations,
iatrogenic cardiac complications, and hemorrhage requiring
transfusion. Previous studies have observed that patients who
undergo PPM implantations after valve surgeries have a higher
hospital LOS. Similarly, vascular complications after other
percutaneous procedures such as PCI also prolong LOS.14 As
such, ESRD itself is a predictor of longer LOS.15
Our findings of a higher rate of stroke may be reflective
of the very small number of events in the study population.
The all-cause in-hospital mortality after TAVI was more than
double (8.2% vs 4%) in patients with CKD 5D versus other
patients. This may appear high, however, given the much
higher mortality (over 50% at years) in untreated patients with
severe aortic stenosis (AS) and the much higher operative mortality (20%) in this subgroup, suggesting that TAVI may not
be withheld in patients with CKD 5D.2,5 Other smaller studies
have compared SAVR with TAVI in patients with ESRD and
found similar results.2 Taken together, these results support
the use of TAVI in patients with CKD 5D.
Despite using a large, real-world, multicenter database,
our study has several limitations. The accuracy of certain variables may not be consistent across all hospitals due to
differences in hospital coding practices. Because NIS is a discharge level database, it is unable to distinguish among multiple
hospitalizations of the same patient. However, because we only
included patients who underwent TAVI as a primary procedure,
it is unlikely that rehospitalizations of the same patients are
captured. Also, data outcomes during repeat hospitalizations
are not available with the use of this database. NIS precludes
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assessment of patient presentation, details of TAVI procedure such as the type of valve used, preexisting conduction
system abnormalities, and society of thoracic surgeons (STS)
risk scores, which may impact outcomes. Lastly, despite utilizing a robust multivariable regression model, some residual
unmeasured confounders impacting outcomes may remain.
However, these are the largest real-world data examining a
nationally representative patient sample over 4 years and are
likely to overcome most of these limitations, and our findings are very likely reflective of true real-world in-hospital
outcomes of patients with CKD 5D who undergo TAVI.
In conclusion, using a large, real-world, multicenter database, we demonstrated that patients with CKD 5D who
undergo TAVI have a higher in-hospital mortality and adverse
events than those without CKD 5D. These data suggest that
the decision to perform TAVI in patients with CKD 5D should
be individualized. Given the much higher mortality of untreated AS as well as SAVR in this population, TAVI may
be the most feasible therapy in this scenario.
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