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Background: There is a paucity of data regarding the racial and sex disparities in the outcomes of multi-
vessel percutaneous coronary interventions (MVPCI).
Methods: The National Inpatient Sample (NIS) was examined for the years 2010 to 2014 to incorporate 
adult MVPCI-related hospitalizations using International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9-CM) procedure codes. We excluded patients with the missing race or gender data from 
the final scrutiny. Discharge weights were used to obtain the national estimations. The principal outcomes 
were MVPCI-related racial and gender disparities in terms of the in-hospital mortality and complications, and 
diagnostic and therapeutic healthcare resource utilization. Secondary outcomes were the length of hospital stay 
(LOS) and hospitalization charges. We used the Chi-square test and t-test/ANOVA test to equate dichotomous 
and continuous variables respectively. A two-tailed P of <0.05 was considered clinically significant. 
Results: An estimated 769,502 MVPCI-related hospitalizations were recorded from 2010 to 2014 after 
excluding patients with the missing data (70,954; 8.4%). Black male and female were the youngest (62±13, 
64±14 years). The highest non-elective admissions (M: 72.8%, F: 71.2%) were reported among Hispanics. 
Non-whites showed a higher proportion of comorbidities with lower resource utilization than whites. 
Hispanic males (OR 1.23) showed the highest odds of the in-hospital mortality whereas among females, Asians  
(OR 1.51), blacks (OR 1.35), followed by Hispanics (OR 1.22) revealed higher odds of in-hospital mortality. 
Odds of cardiac complications were highest amongst Asians (M: OR 1.19, F: OR 1.40). Black (6±8 days) 
and Hispanic (7±9 days) showed the highest length of stay among males and females respectively. Total 
hospitalization charges were highest among Asians. There was a greater increase in the all-cause mortality in 
non-whites from 2010 to 2014.
Conclusions: This study determines the existence of racial disparities in resource utilization and outcomes 
in MVPCI. There is an instant need for interventions designed to govern these healthcare discrepancies.
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Introduction

Percutaneous coronary intervention (PCI) and coronary 
artery bypass grafting (CABG) are performed in more than 
a million patients annually in the United States (US) (1). 
Among the patients undergoing coronary angiography, 
the multivessel disease is found to be present in up to 50% 
of the patients (2). However, among the patients with 
higher surgical risk, PCI is preferred for revascularization. 
Complete coronary revascularization shows the better 
outcomes of mortality and reinfarction in patients with acute 
myocardial infarction (AMI), but if not done in a timely 
and appropriate manner can lead to detrimental effects. 
Although a lot of development has been accomplished in the 
field of PCI, it still fails to serve the population equally with 
increasing evidence suggesting decreased long-term post-
PCI survival among blacks compared to whites (3). The 
past four decades have witnessed a decline in the coronary 
heart disease (CHD)-associated mortality rate in the US 
but this decline is an accompanied by the racial disparity. 
Between 2000 and 2008, the rate of mortality associated 
with acute CHD declined steeply for whites as compared 
to blacks (4). Similarly, the rate of hospitalizations related 
to AMI decreased between the years 2002 and 2007 more 
for whites than for blacks (4). Studies have reported racial 
and ethnicity-related health disparities in the US with 
non-whites susceptible to worse outcomes than whites (5). 
Existing data suggest a higher risk of cardiovascular disease 
susceptibility, related death, and deprivation from beneficial 
interventions like coronary angiography and PCI among 
blacks, Asians, and Hispanics (5,6). These groups also show 
a racial difference in the outcome of the procedures such as 
coronary artery bypass graft (CABG) and PCI. However, 
the data in regards to the outcome disparities after PCI 
remain inconsistent (7). Multi-vessel percutaneous coronary 
interventions (MVPCI) can be challenging at times even for 
experienced operators and to the best of our knowledge, no 
study has evaluated the racial or sex disparities in high-risk 
MVPCI outcomes. As affirmed by Kurian and Cardarelli, 
better understanding and consciousness of the variations of 
cardiovascular disease outcomes by race and ethnicity may 
help clinicians to develop socially sensitive interventions, 
corrective action plans, and administrations engaged 

towards issues in each of this population (8). The main 
objective of this study was to look at the racial disparities 
in the resource utilization and outcomes of MVPCI using 
the largest inpatient US database, the Nationwide Inpatient 
Sample (NIS).

Methods

Study population and variables

We reviewed the 2010 to 2014 NIS databases to identify 
all MVPCI-related hospitalizations. The NIS is a database 
developed as part of the Healthcare Cost and Utilization 
Project (HCUP) and sponsored by the Agency for 
Healthcare Research and Quality (AHRQ) (www.hcup-
us.ahrq.gov/nisoverview.jsp). It is formulated to estimate 
a stratified 20% sample of community hospitals serving 
the US population, excluding rehabilitation and long-term 
acute care hospitals. The NIS database essentially has all-
payers information. The sampling framework includes over 
95% of discharges from US hospitals according to defined 
strata based on the owner type, a number of beds, location, 
the teaching status, and the region. The patients <18 years 
old and those with missing documentation on race/ethnicity 
or sex were excluded from the final study analysis. The 
study was exempt from an IRB approval since the NIS is a 
publically available dataset and contains only deidentified 
information.

Among all the MVPCI-related hospitalizations, we studied 
the demographics, type (elective/non-elective) and day 
(Weekday/Weekend) of admission, hospital characteristics 
including hospital bed size (small, medium or large), location/
teaching status (rural, urban non-teaching or urban teaching), 
region, median household income quartiles and payer 
status, relevant comorbidities, resource utilization (coronary 
angiography catheterization, intravascular ultrasound, 
fractional flow reserve, bare-metal stent, drug-eluting 
stent, intra-aortic balloon pump, ventricular assist device, 
coronary atherectomy) for the diagnostic and therapeutics 
and the outcomes in terms of in-hospital mortality and post-
procedural complications (cardiovascular, postoperative 
bleeding, postoperative infections, postoperative stroke and 
postoperative acute kidney injury).
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Outcomes

The principal outcomes were racial and gender disparities 
in terms of  the in-hospital  mortal ity,  procedural 
complications, and healthcare resources utilization. 
Secondary outcomes were the length of hospital stay (LOS) 
and hospital charges. The NIS database dispenses up to 25 
diagnoses for each discharge report and up to 15 procedural 
codes. MVPCI-related hospitalizations from January 1, 
2010, to December 31, 2014, covering the 44 states, were 
evaluated using International Classification of Diseases, 
9th revision, clinical modification (ICD-9-CM) procedure 
codes 00.41, 00.42, and 00.43. Prior research validates the 
implementation of the corresponding procedure codes 
to identify MVPCI, related outcomes, complications and 
healthcare resource utilization (2). Relevant comorbidities 
defined by the AHRQ definitions were extracted from the 
datasets (http://www.hcup-us.ahrq.gov/toolssoftware/
comorbidity/comorbidity.jsp). All demographic variables, 
comorbidities, and hospital characteristics are available 
on the HCUP website (https://www.hcup-us.ahrq.gov/
nisoverview.jsp), and these variables were incorporated in a 
two-step hierarchical logistic regression model and depicted 
as a forest plot.

Statistical analysis

As a part of the self-weighing design, discharge weights 
(DISCWT) provided in the database were applied in 
the analysis to get the national estimates (https://www.

hcup-us.ahrq.gov/tech_assist/nationalestimates/508_
course/508course.jsp). We performed a bivariate analysis to 
assess the sex–race differences in the patients’ characteristics 
and outcomes. We applied the Chi-square test to compare 
dichotomous and categorical variables and the ANOVA 
test for continuous variables. A two-way hierarchical 
multivariate regression model was constructed to analyze 
the racial and sex disparities in terms of in-hospital mortality 
and procedural outcomes among patients undergoing 
MVPCI, adjusting for patient’s age, demographics, hospital 
characteristics and related comorbidities using complex 
sample function to reflect weights and strata provided 
in data. We incorporated 11 dummy variables (white 
female, black male, black female, Hispanic male, Hispanic 
female, Asian male, Asian female, native American male, 
native American female, other male and other female) 
in the model keeping the white male as a reference. The 
identical regression model for in-hospital mortality and 

complications was constructed. A two-sided significance 
level of 0.05 was considered as the clinically significant 
difference. All analyses were performed using IBM SPSS 
Statistics 22.0 (IBM Corp, Armonk, New York) software. 
Patient-data confidentiality was entertained through the 
data use agreement. However, the study was exempted from 
the institutional review board approval, as the NIS is an 
anonymous deidentified publicly available database.

Results

After excluding <18 years old patients, an estimated 840,455 
(weighted N) MVPCI-related hospitalizations were 
identified in the US from 2010 to 2014. Total 70,954 (8.4%) 
patients with missing gender and/or race information were 
excluded from the study. A total of 769,502 (weighted N) 
patients were included in the final analysis. We further 
stratified the MVPCI cohort into twelve subcategories as 
per the race and gender as shown in Table 1.

Baseline characteristics (Table 1)

Among all the races, black males and females were the 
youngest (62±13, 64±14 years). The Hispanic males and 
females undergoing MVPCI were found to have the 
highest non-elective admission (72.8%, 71.2%; P<0.001). 
Hispanic males (2.5%), and Asian females (3.8%) showed 
the highest in-hospital mortality. Black males (52.0%) 
and native-American females (57.7%) were in the lowest 
median household income group. As expected, MVPCI 
was predominantly performed at the urban teaching 
hospitals for all ethnicities, predominantly in black male 
(M) and female (F), 67.7%, 67.7%; P<0.001. Black (M, 
53.4%; F, 53.0%; P<0.001) and Hispanic (M, 42.5%; F, 
43.7%; P<0.001) ethnicities frequently visited the Southern 
hospitals, whereas, Asian (M, 51.8%; F, 58.8%; P<0.001) 
and white (M, 25.7%; F, 26.1%; P<0.001) patients visited 
hospitals in the West and the Midwest region. Black 
(6±8 days) and Hispanic (7±9 days) patients showed the 
highest mean LOS among the male and the female gender 
respectively. Surprisingly, total hospitalization charges were 
highest among the Asians for both sexes (M: $128,842 and F: 
$139,186, P<0.001). 

The racial distribution of comorbidities 

Table 2 describes the comparison of comorbidities in the 
patients undergoing MVPCI. Among the cardiovascular 

http://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp
http://www.hcup-us.ahrq.gov/toolssoftware/comorbidity/comorbidity.jsp
https://www.hcup-us.ahrq.gov/nisoverview.jsp
https://www.hcup-us.ahrq.gov/nisoverview.jsp
https://www.hcup-us.ahrq.gov/tech_assist/nationalestimates/508_course/508course.jsp
https://www.hcup-us.ahrq.gov/tech_assist/nationalestimates/508_course/508course.jsp
https://www.hcup-us.ahrq.gov/tech_assist/nationalestimates/508_course/508course.jsp
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comorbidities, black males and females had a significantly 
higher proportion of congestive heart failure (6.5%, 7.5%), 
hypertension (82.5%, 83.6%), atherosclerosis (34.3%, 
40.6%), cardiomyopathy (7.6%, 5.7%), peripheral vascular 
disease (34.1%, 37.7%), and thromboembolism (10.4%, 
12.3%) as compared to whites. Blacks also had a higher 
prevalence of uncomplicated diabetes (30.6%, 36.3%), 
diabetes with complications (16.7%, 18.6%), renal failure 
(38.5%, 40.6%) and drug abuse (5.4%, 2.3%) among males 
and females respectively as shown in Table 2. Asian females 
had a considerably higher prevalence of coagulopathy 
(6.6%), cerebrovascular disease (4.8%), and previous history 
of CABG (10.5%) (all P were <0.001).

Procedural outcomes and in-hospital mortality trend 
(Table 3 and Figure 1)

The all-cause in-hospital mortality among the Hispanics 
(M and F, 2.5% and 3.0%) and Asians (M and F, 2.2% and 
3.8%) were higher in both the genders as compared to 
whites (P<0.001). Sepsis and acute renal failure were found 
to be higher among the non-whites as compared to whites 
(P<0.001). The all-cause cardiac complication rate was 
higher among the Asians (M and F, 8.2% and 9.5%) and 
native American males (7.5%) (P<0.001). Native American 
females had the highest rate of stent thrombosis followed by 
Asian females (P<0.001). 

There was an increase in the all-cause mortality in all 
races between 2010 and 2014. However, as compared to 
whites (2010: M, 1.7% and F, 2.3%; 2014: M, 2.4% and F, 
2.9%), there was a greater increase in non-whites; Hispanics 
(2010: M, 2.5% and F, 2.7%; 2014: M, 3.2% and F, 5.1%), 
Asians (2010: M, 2.4% and F, 3.2%; 2014: M, 2.4% and 
F, 4.8% and native-American females (2010: 0.7%, 2014: 
3.3%) (P<0.001). 

Multivariate analysis

Figure 2 depicts the multivariate analysis of racial disparities 
in terms of adjusted odds for the all-cause-hospital 
mortality, any cardiac complications, perioperative stroke, 
and postoperative bleeding among patients who underwent 
MVPCI, keeping White males as a referent category. 

Hispanic males (aOR 1.23) showed the highest odds of 
in-hospital mortality, whereas among females, Asian (aOR 
1.51), black (aOR 1.35), followed by Hispanics (aOR 1.22) 
revealed higher odds of in-hospital mortality. The odds of 
any cardiac complications in males were higher amongst 

native Americans and Asians (aOR 1.19, 1.17) whereas, in 
females, Asian females (aOR 1.40, 1.25) revealed higher 
odds. The risk of perioperative stroke was highest amongst 
the Asian and white females (aOR 2.51 and 1.66). Black 
males (aOR 1.11) and native American and Hispanic females 
(aOR 2.02, 1.73) had greater odds of postoperative bleeding 
complications. All P were <0.001.

Resource utilization disparities

Table 4 illustrates the race and gender differences in the 
resource utilization in MVPCI. The resource utilization 
among black was lower in terms of coronary angiography, 
left heart catheterization, drug-eluting stent, intra-
vascular ultrasound, coronary atherectomy as compared 
to whites. Intra-aortic balloon pump and ventricular assist 
device usage were highest among Asians and lowest in 
blacks. Coronary atherectomy, which is often used for 
calcified coronary lesions, was revealed to be used less in 
blacks. The utilization of fractional flow reserve (FFR) for 
stenotic lesion risk assessment was lower among blacks and 
Hispanics. All P were <0.001.

Discussion

To our knowledge, this is the first study evaluating racial 
and gender disparities in MVPCI outcomes and resource 
utilization. This study presents the data of the patients 
who underwent PCI over a period of five years from 2010 
through 2014 from the largest US inpatient database. We 
found that significant racial and sex disparities existed in 
terms of procedural outcomes and resource utilization 
in patients who underwent MVPCI. Black males formed 
the youngest patient cohort while black females had the 
most prolonged LOS. Blacks had the highest frequency of 
comorbidities with surprisingly lowest resource utilization 
as compared to whites. Asian females undergoing MVPCI 
had the highest all-cause in-hospital mortality and post-
procedural cardiac complications. Unfortunately, the trend 
in the in-hospital mortality in patients undergoing MVPCI 
was found to be increased significantly over the study period 
with the largest increment among Hispanic females. 

Sonel et al. from the CRUSADE (Can Rapid Risk 
Stratification of Unstable Angina Patients Suppress Adverse 
Outcomes with Early Implementation of the ACC/AHA 
Guidelines?) study from 400 US hospitals reported blacks 
to be younger as compared to whites (median age; 61 vs. 
70 years) admitted for unstable angina (9). Similar findings 



24 Desai et al. Racial and sex disparities in MVPCI

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2019;9(1):18-29cdt.amegroups.com

T
ab

le
 2

 D
is

tr
ib

ut
io

n 
of

 c
om

or
bi

di
tie

s 
in

 p
at

ie
nt

s 
un

de
rg

oi
ng

 m
ul

tiv
es

se
l p

er
cu

ta
ne

ou
s 

co
ro

na
ry

 in
te

rv
en

tio
ns

C
om

or
bi

di
ty

W
hi

te
, %

B
la

ck
, %

H
is

pa
ni

c,
 %

A
si

an
, %

N
at

iv
e 

A
m

er
ic

an
, %

O
th

er
, %

P
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e
M

al
e

Fe
m

al
e

M
al

e
Fe

m
al

e

A
lc

oh
ol

 a
bu

se
3.

5
1.

0
4.

2
1.

0
3.

6
0.

3
1.

0
0.

2
4.

8
0.

2
2.

8
1.

1
<

0.
00

1

C
on

ge
st

iv
e 

he
ar

t f
ai

lu
re

3.
4

4.
3

6.
5

7.
7

4.
6

5.
8

3.
3

4.
8

3.
5

4.
9

2.
5

4.
6

<
0.

00
1

C
hr

on
ic

 p
ul

m
on

ar
y 

di
se

as
e

20
.2

26
.0

15
.7

19
.5

11
.6

14
.9

9.
7

11
.6

20
.3

18
.6

14
.3

19
.1

<
0.

00
1

C
oa

gu
lo

pa
th

y
4.

1
3.

8
4.

6
4.

3
4.

4
4.

5
4.

2
6.

6
3.

6
4.

4
4.

1
4.

2
<

0.
00

1

D
ia

be
te

s,
 u

nc
om

pl
ic

at
ed

27
.9

29
.0

30
.6

36
.3

35
.9

40
.2

37
.9

40
.0

36
.3

45
.3

33
.1

37
.7

<
0.

00
1

D
ia

be
te

s 
w

ith
 c

om
pl

ic
at

io
ns

8.
7

9.
4

16
.7

18
.6

19
.0

23
.0

11
.6

15
.6

17
.5

18
.5

8.
8

13
.1

<
0.

00
1

D
ru

g 
ab

us
e

1.
4

0.
9

5.
4

2.
3

1.
9

0.
8

0.
7

0.
7

2.
2

0.
2

1.
7

1.
0

<
0.

00
1

S
m

ok
in

g
46

.9
39

.2
42

.7
32

.8
35

.8
20

.1
34

.5
13

.9
41

.7
32

.2
39

.7
28

.9
<

0.
00

1

H
yp

er
te

ns
io

n 
74

.7
76

.9
82

.5
83

.6
78

.9
80

.4
74

.5
80

.6
79

.6
81

.2
76

.4
78

.7
<

0.
00

1

Li
ve

r 
di

se
as

e
1.

5
1.

2
2.

6
1.

5
2.

3
1.

7
1.

7
1.

9
1.

3
1.

2
1.

1
1.

1
<

0.
00

1

O
be

si
ty

12
.7

14
.9

10
.7

18
.3

11
.5

16
.5

5.
3

7.
1

12
.8

15
.7

10
.4

15
.0

<
0.

00
1

P
er

ip
he

ra
l v

as
cu

la
r 

di
so

rd
er

s
28

.7
34

.4
34

.1
37

.7
30

.9
36

.9
18

.0
26

.6
37

.7
42

.4
22

.5
31

.0
<

0.
00

1

P
ul

m
on

ar
y 

ci
rc

ul
at

io
n 

di
so

rd
er

s
0.

7
1.

3
1.

3
2.

1
0.

8
1.

3
0.

5
1.

5
0.

3
1.

1
0.

5
0.

9
<

0.
00

1

R
en

al
 fa

ilu
re

17
.5

18
.4

38
.5

40
.6

28
.4

32
.3

23
.1

32
.1

25
.3

28
.7

18
.6

24
.8

<
0.

00
1

Va
lv

ul
ar

 h
ea

rt
 d

is
ea

se
1.

4
2.

3
1.

6
2.

3
1.

4
1.

9
0.

9
1.

1
1.

4
1.

1
0.

8
1.

8
<

0.
00

1

D
ys

lip
id

em
ia

66
.1

61
.5

54
.9

52
.2

63
.1

58
.6

70
.6

63
.1

61
.5

56
.5

65
.4

60
.0

<
0.

00
1

A
th

er
os

cl
er

os
is

30
.7

38
.3

34
.3

40
.6

29
.5

37
.6

17
.9

27
.0

37
.6

43
.4

23
.6

33
.2

<
0.

00
1

C
ar

di
om

yo
pa

th
y

4.
5

3.
9

7.
6

5.
7

5.
0

5.
2

5.
7

4.
6

3.
9

5.
1

3.
5

4.
5

<
0.

00
1

C
er

eb
ro

va
sc

ul
ar

 D
is

ea
se

s
2.

0
3.

0
2.

4
2.

9
2.

2
2.

5
1.

9
4.

8
1.

0
2.

5
2.

4
2.

5
<

0.
00

1

Th
ro

m
bo

em
bo

lis
m

5.
9

8.
2

10
.4

12
.3

5.
2

8.
0

3.
1

7.
1

4.
6

6.
7

4.
2

7.
6

<
0.

00
1

P
re

vi
ou

s 
hi

st
or

y 
of

 M
I

15
.3

11
.6

12
.8

10
.8

13
.1

10
.3

13
.6

11
.4

12
.4

10
.5

13
.2

9.
6

<
0.

00
1

Fa
m

ily
 h

is
to

ry
 o

f C
A

D
8.

8
7.

0
4.

5
3.

7
6.

1
4.

4
7.

6
4.

1
6.

8
6.

7
8.

6
6.

9
<

0.
00

1

P
re

vi
ou

s 
P

C
I

18
.7

14
.7

14
.0

12
.4

15
.1

13
.2

17
.5

13
.9

16
.0

11
.8

18
.5

14
.6

<
0.

00
1

P
re

vi
ou

s 
C

A
B

G
13

.4
8.

9
8.

2
7.

2
10

.8
9.

8
10

.5
10

.5
14

.0
10

.1
10

.2
8.

6
<

0.
00

1

M
I, 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 C

A
D

, c
or

on
ar

y 
ar

te
ry

 d
is

ea
se

; P
C

I, 
pe

rc
ut

an
eo

us
 c

or
on

ar
y 

in
te

rv
en

tio
n;

 C
A

B
G

, c
or

on
ar

y 
ar

te
ry

 b
yp

as
s 

gr
af

tin
g.



25Cardiovascular Diagnosis and Therapy, Vol 9, No 1 February 2019

© Cardiovascular Diagnosis and Therapy. All rights reserved. Cardiovasc Diagn Ther 2019;9(1):18-29cdt.amegroups.com

were reported from the GWTG-CAD (Get With the 
Guidelines-Coronary Artery Disease) program by Cavender 
et al. (median age; 48 vs. 51 years) and by Slater et al. from 
the Dynamic registry (median age; 48 vs. 51 years) for 
patients undergoing PCI (3,10). These studies support 
our current findings with blacks undergoing MVPCI were 
younger as compared to whites. Genetic predisposition, 
higher predisposition to the cardiovascular comorbidities 

(3,8) and higher frequency of drug abuse (11,12) could be 
the potential reasons for the advanced disease at a younger 
age in blacks. Shaw et al. used the National Cardiovascular 
Data Registry to evaluate patients undergoing angiographic 
evaluation and found higher in-hospital mortality for 
Hispanic and white women presenting with ACS (13). Blacks 
and Hispanics comprise the largest percentage of emergency 
admission MVPCI with prolonged hospital stay as compared 

Table 3 In-hospital mortality trends after multivessel-percutaneous coronary interventions

Year
White, % Black, % Hispanic, % Asian, % Native American, % Others, %

P
Male Female Male Female Male Female Male Female Male Female Male Female

2010 1.7 2.3 1.4 2.4 2.5 2.7 2.4 3.2 0.6 0.7 1.3 1.2 <0.001

2011 1.7 2.4 1.5 2.8 1.6 2.2 0.6 2.9 1.2 0.0 2.4 3.5 <0.001

2012 1.9 2.6 2.2 2.4 3.0 2.7 2.8 4.0 2.2 1.0 0.8 3.5 <0.001

2013 2.1 2.8 1.7 2.1 2.3 2.6 2.7 4.2 0.0 4.1 2.2 4.6 <0.001

2014 2.4 2.9 2.1 2.8 3.2 5.1 2.4 4.8 2.0 3.3 1.5 3.6 <0.001

Figure 1 Procedural complications in multivessel percutaneous coronary interventions by race and sex.
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to whites. The higher burden of comorbidities could be a 
contributory factor towards increased emergency MVPCI 
leading to the extended LOS and increased hospitalization 
cost  among non-whites  compared to  whites  (2) .  
Although extended LOS was not found in Asians, higher 
proportions of procedural complications and resource 
utilization could be the conceivable reasons for the inflated 
cost among Asians.

Data from the CRUSADE initiative, CathPCI registry, 
Cooperative Cardiovascular project, and Dynamic 

Registry unanimously showed the higher burden of 
comorbidities like CHF, hypertension, diabetes, renal 
failure and previous stroke in black, Hispanics, and Asians 
as compared to whites. However, despite the higher burden 
of cardiovascular comorbidities among the black consistent 
with the previous studies (3,9,14,15), the incidence of 
several post-procedural complications was strikingly higher 
among Asians, followed by blacks and Hispanics (13). 

Shaw et al. reported highest post-procedural mortality 
rates in Asian (2.17%) undergoing coronary angiography 

Figure 2 Odds of procedural complications by multivariate analysis: forest plot. (A) Hispanic males (aOR 1.23) showed the highest odds of 
in-hospital mortality, whereas among females, Asian (aOR 1.51), black (aOR 1.35), followed by hispanics (aOR 1.22) revealed higher odds of 
in-hospital mortality; (B) the odds of any cardiac complications in males were higher amongst native Americans and Asians (aOR 1.19, 1.17) 
whereas, in females, Asian females (aOR 1.40, 1.25) revealed higher odds; (C) the risk of perioperative stroke was highest amongst the Asian 
and white females (aOR 2.51 and 1.66); (D) black males (aOR 1.11), and native American (aOR 2.02) and Hispanic (aOR 1.73) females had 
greater odds of postoperative bleeding complications.
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Table 4 Racial disparities in resource utilization during multivessel percutaneous coronary interventions

Resource 
utilization

White, % Black, % Hispanic, % Asian, % Native American, % Other, %
P

Male Female Male Female Male Female Male Female Male Female Male Female

Coronary 
angiography 

48.4 38.3 35.8 27.9 49.2 38.9 65.9 51.7 45.7 30.5 57.4 44.7 <0.001

Left heart 
catheterization 

48.9 39.3 37.4 29.4 50.0 40.2 64.2 49.3 46.5 33.3 56.1 43.6 <0.001

Bare-metal stent 11.0 9.0 9.5 6.5 10.7 7.6 9.1 7.0 8.8 7.6 12.0 10.1 <0.001

Drug-eluting 
stent 

47.9 36.7 33.5 27.0 45.3 36.4 66.5 49.7 43.6 30.8 57.4 43.5 <0.001

Intra-aortic 
balloon pump 

2.5 2.0 1.8 1.1 3.0 2.3 5.0 3.5 4.3 0.9 3.7 3.2 <0.001

Ventricular assist 
device 

0.7 0.4 0.8 0.4 0.8 0.5 1.0 0.6 0.9 0.0 1.5 0.8 <0.001

Intra-vascular 
ultrasound 

5.1 4.0 3.2 2.8 5.6 4.4 6.6 4.3 3.8 3.4 7.8 8.2 <0.001

Coronary 
atherectomy

1.4 1.1 .9 .6 1.7 1.2 2.8 2.1 1.6 0.2 1.6 1.5 <0.001

Fractional flow 
reserve

1.5 1.2 1.1 0.8 1.3 1.1 1.9 1.5 0.8 0.9 1.8 0.9 <0.001

after acute chest pain, which is consistent with our results 
with Asians (M 2.2% and F 3.8%) encountering the highest 
in-hospital mortality (13,16). The trends in mortality 
increased over time among all ethnic groups with the 
highest increment among Hispanics, Females dominated 
males in terms of in-hospital mortality. Arora et al. reported 
poor outcomes among the females undergoing MVPCI 
with post-procedural mortality odds of 1.63 (2). However, 
Singh et al. suggested no mortality difference among males 
and females in a cohort of 18,885 patients who underwent 
PCI (17). Similarly, higher post-procedural complications 
and mortality among the Asians could be explained by the 
fact that they were the ones with the higher utilization of 
invasive procedures (14).

Kumar et al. reported the lower utilization of drug-
eluting stents among blacks (71.9% vs. 74.8%) as compared 
to whites (14). A study by Rodriguez et al. reported a lower 
rate of PCI or CABG among the blacks vs. whites (47.7% 
vs. 58.0%) (18). Another study by Slater et al. also reported 
a lower rate of prior PCI (27.9% vs. 29.9%) and CABG 
(11.4% vs. 17.6%) among blacks than whites (3). These 
studies back our findings of blacks as the least resource 
utilizers and Asians as the highest as compared to whites (15).  

The major reason for this disparity has been suggested to 
be the underuse of procedures among minorities, the over-
use among whites, physician bias, and the disparities in the 
clinical presentation of the disease among the various races 
(9,16,19-21). Khambatta et al. showed in their review that 
one study noted that the percentage of black receiving the 
highest efficacy antiplatelet, Prasugrel, was less (10% vs. 
14.5%) than white (22). In another study reviewing CABG 
procedures in New York, black patients were more likely to 
be referred to the cardiovascular surgeons with the higher 
risk-adjusted mortality rates than white patient population. 
A study from the National Registry of the Myocardial 
Infarction (NRMI-2) reported that black patients were 
less likely (aOR 0.76, 95% CI: 0.71–0.80) to receive 
thrombolytic therapy and coronary angiography (aOR 0.85, 
95% CI: 0.77 to 0.95) than their white counterparts (23).

We also noted the underutilization of intravascular 
ultrasound (IVUS) for the detection of the severity of 
calcifications and fractional flow reserve (FFR) for stenotic 
lesions assessment among blacks despite the higher 
incidence of atherosclerosis. As reported by Sedlis et al., the 
reluctance to undergo an invasive procedure and a higher 
refusal rate (two times higher odds) for the procedure by 
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African Americans as compared to Caucasians offer possible 
explanations for the underutilization of resources (15,24). 
Longer waiting hours by Asians from the onset of symptoms 
to initiation of the treatment have also been reported 
to poorly influence the outcomes (25). Patients’ race 
influencing the physician’s referral for cardiac procedures 
has also been reported as one of the influential factors. 
Sedlis and colleagues reported the higher odds (OR =1.70) 
of referral for surgery for Caucasian than African Americans 
(24,26,27). Lower household income among blacks and the 
type of hospital facility have been found to play key roles in 
the nature of the care being provided (9).

The major strength of our study lies in the fact that we 
present our findings from the largest inpatient database in 
the US, thus providing a better generalizability of the results 
for the entire population as done previously to assess the 
healthcare disparities in cardiovascular interventions (28). As 
the database has been used in the past to look at procedural 
outcomes, the validation is high. However, there are a few 
limitations of this study, which needs to be reported. The 
NIS database uses ICD-9-CM coding, which involves 
administrative coding, which can be associated with errors 
by under- or overreporting of the disease. With ICD-9-
CM coding, we cannot provide further details about the 
coronary vessels being operated upon. Since the NIS does 
not provide information on the follow-up so we could not 
assess the long-term outcomes following MVPCI.

Conclusions

This retrospective study provides useful insights into a 
number of racial and gender disparities regarding the in-
hospital mortality, post-procedural outcomes, and resource 
utilization in patients undergoing MVPCI using the largest 
nationally representative database from the US. Although 
blacks presented at a relatively younger age and with a high 
frequency of cardiovascular comorbidities, they were found 
to use the least number of cardiovascular procedures and 
resources as compared to any other race. Asians were the 
highest resource utilizers with the highest all-cause-hospital 
mortality. There is a need for further study to look at the 
factors governing these distinctions, which could fill the 
gaps witnessed in this study.
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