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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 MVPCl-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 MVPCl-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 #-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 MVPCl-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 (68 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
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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 MVPCl-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 MVPCl-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 mortality, 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. MVPCl-related hospitalizations from January 1,
2010, to December 31, 2014, covering the 44 states, were
evaluated using International Classification of Diseases,
9™ 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
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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) MVPClI-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 (6213, 64x14 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%; E, 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
(68 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

Cardiovasc Diagn Ther 2019;9(1):18-29


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

21

d Therapy, Vol 9, No 1 February 2019

lagnosis an

Cardiovascular D

(ponurzu0d) 1 d1qey,

L00°0> 669 g9 vey 6Ly S'19 S'v9 G'SS c'LS 119 119 2c'es 8'vS Buiyoesy ‘uequn
100°0> g'Ge (45 c'8e 'S¢ WA v've (874 1’68 682 €8¢ 1'6€ 1'8¢ Buiyoes)-uou ‘ueqin
100°0> B4 v'e v'6e y'ee 0t [t e 0e v'e (0% (W2 g9 [einy
[endsoy ay3 Jo sniejs Buiyoesl/uoleso]
L00°0> 7’6l 8L v'Se c'le 96l L'yl c'le €6¢ 0Lt A" 29l 9SGt UMO-1S8AUI ‘91eAlld
100°0> 6'1. cel 8Ly L'€S 9’6/ 9L 899 S'/S 6°0L 669 9'6L 8'G. yjoid-uou ‘eyenid
[eJopajuou
100°0> '8 06 8'9¢ L6} 8'8 68 ocH el LeL L'Et €8 9'8 ‘uswiuenon
[endsoy jo diysiaumo,|o4uoD
L00°0> 8¢ 8'Ge (4 v'6 [0} 4 9ch LLE ecl S8 90} 96l cg'ee Ui001-92
L00°0> 0'¢e v've 8yl L9k (X4 €8¢ 802 g'ce L'y [e] L've A4 WS/Z-1LS
100°0> gee €'q¢e g'ee §'se ¥'0¢ bLL v've €'6e 0'le gle '8¢ 8'/¢ y0s-9¢
100°0> L'ce S've YAVAS] 0'6v vel och cey 6'6€ 1'GS 0'cS 0'L¢ L've Yise-0
,8P09 d|Z 1uanied Joy s|iuenb [eUOlBU SWOOUI PlOYSSNOoY UBIPSA
100°0> v've cee (47 6°.¢ ¥'0e 0'ce 8'8¢ c'le 662 '8¢ '8¢ ¥'9¢e BA1}09|3
100°0> 9'99 8,9 6'SS k29 9'69 089 c'hL 8¢ L0 6L €19 9'€9 SA1}08|9-UON
UOISSIWPE dAI}08|9-UOU SNSISA 9A1}09|]
100°0> 9'6 L'y 9 8¢ 00t (084 €8 (0874 99 8¢ ccl 09 G8<
100°0> S'vS 0'vy 0'lS S'Sy 189 6'vy 0'lS ey 8'ey g'8¢e 1SS 609 ¥8-99
100°0> o'le A% 1L'6€ ol c'9e 6'ey 0've 6'Sy 0y 909 '8¢ §'6€ y9-Sv
100°0> 6°¢ 9's Sy 2’ 4% 89 €S 09 1’8 9L s'e ¥'e 81
100°0>  ¥I¥89 SLF19 CL¥99 [A%a%] 71¥69 SLFP9 S1¥99 €1FEe9 V1F79 eL¥c9 €LF0L ¢k¥99 (s1eak) obe ues|y
siealh ul aby
809'8 092°L}+ 191'e 6.6'C 18G°G 2260t 98z'ce  60€'8E 9.2ty 29L'vY 690'80C  90%‘99¢ JequinN
slewsa4 ETEIN slewsa4 T slewsa4 aeN alewsa4 T slewsa4 T slewsa4 ETE
d So|qelen
% Y8410 % ‘UBOLIBWY SAlleN % ‘ueISY 9% ‘OluedsiH % Moelg % ‘©UUM

(205°69.=1) IDIA Surodiopun uonendod Apmis Jo sonstelovIRYD dUIfAsEY | IqE],

Cardiovasc Diagn Ther 2019;9(1):18-29

cdt.amegroups.com

© Cardiovascular Diagnosis and Therapy. All rights reserved.



ies in MVPCI

ispari

Desai et al. Racial and sex d

22

‘uoleziueblo adoueudUIBW YlBaYy ‘OINH ‘SUoluaAIBIUl
Areuolod snosueinolad [9ssan-inw ‘|DdAIN “dsl-ajousiu/iubouidiz/sien/qp/nob-biye sn-dnoy-mmmy//:sdiy wody panaq Jeshk Aq Asea sebues anjen ayy ‘Ajjenuue pajepdn
aJe sejewise asey} esneosq ‘suoleindod 1saiyliesm o} 3saiood ayy Bulredipul ‘y 0} | 4O senjea AQ payiusp! aie se|ienb ey ¢, “eoueoiIUbIS [ed1Ul0 S81edIpUl GO'0> 8NfeA d

Ayjepow
100°0> v'e 9l 9l " 8¢ A4 0e sc se 8l 9C 0 [exndsoy-ul asneo-||y
L00'0> ¥9S'LLLS LP920LS  L1628$ 6.926$ 98L'6ELS 2v88ZL$ 996°0EL$ 960°82L$ 8L990L$ Scl90L$  88€°26%  L¥L'G6$ sefieyo eydsoy [ejoL
100°0> el A 18 1A L0k A ceh L0k GGl L'EL '8 g9 shep g|=
100°0> 0'cs v'v9 6'89 Z'9 YIS 'v9 6'SY G'cs 9Ly 0Ly 969 €9 shep g
100°0> 6F9 9Fy GFg 9¥G 0}¥9 8+FG 6F. 8¥F9 6F. 8¥F9 9Fg 9FYy (skep) Aess o yibuaT
L00°0> [ 6'¢c c9 7’6 8l 6C 9C 9¢ 9l L'e " L'e JBUY10
100°0> S0 €0 00 00 10 S0 20 o 70 S0 €0 70 abieyo oN
100°0> (9874 89 [ e'e ce 94 L'y 0. e 9'G 8¢ (4 Aed-jlog
100°0> g9l 9'0¢ S'Gl g'ce g9l cve vl c'ee 6Vl v'ie 98} 2'6Z  OWH Buipnjou axeald
100°0> eyl 8¢l FHE g0t 96 09l 991 ocl el (" 9'S 8y predipsin
100°0> €€e9 g9y 09 'vs 6'¢9 [x4% c'19 0'cs 999 199 [AvA 889 8Jedlps|N

Jaked pajoadxs Alewd
L00°0> 9'GlL [ye] 9'6¢ ¥'0€ 889 8'lS ¥'se ¥'Se 08 8'8 89l AN IS8\
100°0> v'ie ¥'0e 0Ly 6°'cy Syl ¢St L'ey gey 0°es ¥'€s v'6e 6°.8 yinos
100°0> 89l ol g8l 06} S8 8'8 09 99 0¢ce 6'0¢ 1'9¢ 152 1samplp
100°0> L'9¢€ [AVA 6'v 8'9 g8l ave 6Vl GGl [AVAN 691 JAVAR g8l 1SeayHON
[exdsoy jo uoibay
slews4 Jle slews4 S slewsad sle|N slewsa4 slelN slewsa4 slelN slewsa4 ST
d So|qelen
% 49410 % ‘UedliBaWY 9AlBN % ‘ueisy % ‘oluedsiH % oelg % ‘©NUM

(ponurzu0d) 1 S1qey,

Cardiovasc Diagn Ther 2019;9(1):18-29

cdt.amegroups.com

© Cardiovascular Diagnosis and Therapy. All rights reserved.



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

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 7able 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-bospital mortality trend
(1Iable 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 E, 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
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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 4l. 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

Cardiovasc Diagn Ther 2019;9(1):18-29
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Table 3 In-hospital mortality trends after multivessel-percutaneous coronary interventions
White, % Black, % Hispanic, % Asian, % Native American, % Others, %

vear Male  Female Male Female Male  Female Male  Female Male Female Male  Female i
2010 1.7 2.3 1.4 2.4 25 2.7 24 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 24 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 24 2.9 21 2.8 3.2 5.1 24 4.8 2.0 3.3 1.5 3.6 <0.001

Procedural complications in multivessel-percutaneous coronary interventions

m All-cause in-hospital mortality ~® Any cardiac complications = Perioperative stroke

= Postoperative hemorrhage M Sepsis ® Acute renal failure

Percent complications

25.0%

0.0% 5.0% 10.0% 15.0% 20.0%
White male 2.9% - %
White female 6 4.7% j_ %
Black male % 31% |
Black female 3.5%

Hispanic male

Race and gender

Hispanic female

Asian male

Asian female

Native American male

Native American female

%
% 20% |GG

o |G
w o ossn S

o e GG
eox

Figure 1 Procedural complications in multivessel percutaneous coronary interventions by race and sex.

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 4l. 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

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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(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 ez 4/. 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

Cardiovasc Diagn Ther 2019;9(1):18-29
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Multivariate predictors of in-hospital mortality and postoperative complications: forest plots

26
A All-cause mortality
Adjusted odds ratio LL UL  Pvalue

White female 1.095 1.055 1.136 <0.001 e

Black male 0.800 0.740 0.865 <0.001 -

Black female 0.952 0.887 1.021  0.170 -

Hispanic male 1234 1.150 1.325 <0.001

Hispanic female 1.224 1128 1.328 <0.001 —

Asian male 1110 0970 1.271  0.130 ——

Asian female 1519 1.316 1.754 <0.001 —_—

Native American male 0.725 0.518 1.014  0.060 —_——

Native American female 0.834 0.595 1.167  0.290 —_—

Other male 0.876 0.778 0.987  0.029 ——|

Other female 1.356 1.199 1.534 <0.001 —
T T
0 1 2

Adjusted odds ratio

C Perioperative stroke

Adjusted odds ratio LL UL  Pvalue
White female 1.664 1517 1.826 <0.001 -
Black male 0.892 0.724 1.099 0.284 -
Black female 1.192 0.987 1.428 0.068 ——
Hispanic male 0.532 0.400 0.709 <0.001 —=—
Hispanic female 1.141 0.889 1.465 0.300 ™
Asian male 0.626 0.398 0.986 0.043 —e—
Asian female 2.512 1.836 3.437 <0.001 ——
Native American male 0.820 0.325 1.066 0.674 —e—
Native American female 0.000 0.000 - 0.987
Other male 1.026 0.764 1.376 0.866 ——
Other female 1.233 0.853 1.782 0.266 ——

0 i 2 3 4

Adjusted odds ratio

B All-cause cardiac complications
Adjusted odds ratio LL UL  Pvalue

White female 1.118 1.095 1.142 <0.001 *
Black male 0.904 0.867 0.943 <0.001 -
Black female 1.016 0976 1.059 0.436 g
Hispanic male 0.977 0.936 1.020 0.292 b
Hispanic female 1.080 0.977 1.085 0.270
Asian male 1.168 0.087 1.254 <0.001
Asian female 1.253 1.140 1.754 <0.001

Native American male 1.187 1.026 1.373  0.021

-
-
——
——
>
—

Native American female 0.889 0.734 1.075  0.225 —

Other male 1.020 0.961 1.083 0.518 g

Other female 1.398 1.300 1.505 <0.001

0 2
Adjusted_odds_ratio
D Perioperative bleeding
Adjusted odds ratio  LL UL Pvalue
White female 1.551 1.506 1.597 <0.001 -
Black male 1.119 1.054 1.187 <0.001 -
Black female 1.249 1179 1.324 <0.001 —
Hispanic male 1.046 0980 1.117 0.178 ro—
Hispanic female 1.733 1.623 1.850 <0.001 ——
Asian male 0.948 0.842 1.068 0.383 —et
Asian female 1.201 1.043 1.385 0.011 —
Native American male 0.919 0.711  1.187  0.516——+——
Native American female 2.023 1.642 2.492 <0.001 —_—
Other male 1.024 0.934 1.122 0.620 -
Other female 1.626 1.467 1.801 <0.001 —_——
L ]
0{5 1.0 1.I5 2|.0 2|.5

Adjusted odds ratio

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.

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

© Cardiovascular Diagnosis and Therapy. All rights reserved.

cdt.amegroups.com

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

Cardiovasc Diagn Ther 2019;9(1):18-29
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Table 4 Racial disparities in resource utilization during multivessel percutaneous coronary interventions
Resource White, % Black, % Hispanic, % Asian, % Native American, % Other, % .
utilization Male Female Male Female Male Female Male Female Male Female Male  Female
Coronary 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
angiography
Left heart 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
catheterization
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 47.9 36.7 33.5 27.0 453 36.4 66.5 49.7 43.6 30.8 57.4 43.5 <0.001
stent
Intra-aortic 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
balloon pump
Ventricular assist 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
device
Intra-vascular 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
ultrasound
Coronary 1.4 1.1 9 .6 1.7 1.2 2.8 2.1 1.6 0.2 1.6 1.5 <0.001
atherectomy
Fractional flow 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
reserve

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 ez a/. 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% wvs. 74.8%) as compared
to whites (14). A study by Rodriguez ez al. reported a lower
rate of PCI or CABG among the blacks vs. whites (47.7%
vs. 58.0%) (18). Another study by Slater ez al. also reported
a lower rate of prior PCI (27.9% wvs. 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).

© Cardiovascular Diagnosis and Therapy. All rights reserved.
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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 4/. 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 4., the
reluctance to undergo an invasive procedure and a higher
refusal rate (two times higher odds) for the procedure by

Cardiovasc Diagn Ther 2019;9(1):18-29
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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 MVPCL

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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