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Background and Aim of the Study. While several studies have suggested a relationship between adverse postoperative outcomes
and systemic lupus erythematosus (SLE) in major surgical settings, no study to date has explored postoperative outcomes of SLE
patients undergoing coronary artery bypass grafting (CABG). Tis study aimed to compare the characteristics and outcomes of
SLE patients compared to non-SLE patients undergoing CABG.Methods. We utilized the Nationwide Inpatient Sample (NIS) data
from 2008–2018 for CABG patients ≥18 years old. Patients were divided into two groups based on SLE status (confrmed SLE
diagnosis or no SLE present). Primary outcomes were in-hospital mortality, favorable discharge, and length of stay (LOS).
Secondary outcomes included acute kidney injury (AKI), acute liver injury (ALI), hemodialysis, acute myocardial infarction
(AMI), and cardiogenic shock. Patient characteristics including age, sex, race, and preexisting comorbidities were considered.
Multivariable models, adjusting for confounding variables, were utilized. Results. Data from a total of 352,772 patients who
underwent CABG were analyzed. 980 patients had a diagnosis code for SLE. SLE and non-SLE patients had similar rates of in-
hospital mortality (OR� 0.92, [0.63–1.35]), nonhome discharge (OR� 1.09, [0.95–1.24]), and LOS (OR� 1.02, [0.99–1.06]). SLE
patients developed AKI at a higher rate (OR� 1.50, [1.05–1.48]) and ALI at a lower rate (OR� 0.35, [0.16–0.74]). Both groups had
similar rates of hemodialysis (OR� 1.19, [0.98–1.44]), AMI (OR� 0.93, [0.81–1.06]), and cardiogenic shock (OR� 0.8,
[0.61–1.05]).Conclusion.Tese fndings suggest that SLE patients undergoing CABG have similar mortality, discharge disposition,
and LOS compared to non-SLE patients. However, SLE patients are at increased risk of AKI and decreased risk of ALI than non-
SLE patients. Tese associations warrant further investigation to elucidate their physiologic basis.

1. Introduction

Systemic lupus erythematosus (SLE) is a chronic autoim-
mune disorder with heterogeneous presentation, having
systemic efects on organ systems including the cardiovas-
cular, nervous, and urogenital systems. SLE patients rep-
resent a small but signifcant minority in the United States
with a prevalence of 72.8 cases per 100,000 person-years, [1]

disproportionally afecting female patients of child-bearing
age and patients of African, Hispanic, and Asian descent
[2–4]. In the absence of complications, the ten-year survival
rate of this patient population is approximately 82% [5].
However, the mortality rate increases with the development
of cardiovascular disease, renal disease, and systemic in-
fection [6]. SLE patients also experience additional life costs,
including decreases in mental acuity, pharmaceutical costs,
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and altered career trajectories due to painful symptoms [7].
Te pathophysiology and etiology of SLE are complex and
are triggered by many factors resulting in a variety of clinical
presentations. Briefy, SLE is characterized by systemic in-
fammation and organ injury caused by B cell hyperactivity
secondary to antigen stimulation and T cell activation in
response to faulty apoptotic somatic cells [2]. Te faulty
apoptosis of somatic cells, caused by defects in phagocytes,
causes intracellular receptors to be exposed to immune cells
which falsely recognize them as threats [8]. Tis causes
a proliferation of antibodies specifc to the body’s own cells,
with the anti-DNA antinuclear antibodies (ANA) the most
prominent among them [9]. It is the collection of these
autoantibodies combined with the buildup of improperly
phagocytosed cells that cause the widespread microvascular
infammation of SLE. Te etiology of SLE is complex and
involves a wide range of genetic and environmental factors.
Multiple genetic loci have been identifed as potential re-
gions for genetic susceptibility for SLE, with the prevalence
of each mutation varying by ethnicity [10–13]. Additionally,
epigenetic factors, particularly DNA methylation, have been
implicated in the onset and progression of SLE [14, 15].
Environmental factors implicated in SLE development in-
clude UV radiation, air pollution, alcohol, Epstein–Barr
virus infection, and heavy metals, among others [16]. Te
diferent contributing factors involved in the progression of
SLE make it a disease of many faces, causing varying clinical
presentations ranging from skin and renal disease to sig-
nifcant cardiovascular dysfunction [17].

Te prevalence of cardiovascular disease (CVD) in pa-
tients with SLE is signifcantly higher than that in the general
population, with complications arising from widespread
microvascular infammation and blockages as well as ath-
erosclerosis in late-stage disease [18, 19]. In the cardiovas-
cular system, antibodies to lipoproteins and a systemic infux
of infammatory cytokines cause damage to endothelial
linings and lead to infammatory injury [20]. Common
secondary cardiovascular complications of SLE include
pericarditis, myocarditis, heart valve dysfunctions, and lupus
aortitis, leading to myocardial infarction (MI), stroke, heart
failure, and transient ischemic attack (TIA) [21–24]. Te
exact CVD prevalence in SLE patients is unknown. How-
ever, SLE patients demonstrate a twofold to tenfold higher
risk of sufering MI and a twofold higher risk of sufering
stroke when compared to the general population [25]. SLE
patients, especially those with late-stage cardiovascular
complications, often require invasive cardiac procedures
including aortic and mitral valve repairs and replacements,
heart transplantation, and coronary artery bypass grafting
(CABG) [26–31]. However, the frequency and outcomes of
these surgeries in SLE patients have not been studied.
Existing data suggest that SLE patients with MI and both
ischemic and hemorrhagic stroke are at a higher risk of in-
hospital mortality [26]. In percutaneous coronary in-
terventions, patients with SLE have similar initial in-
tervention success but signifcantly poorer one-year
outcomes and are at higher risk of MI at one-year post-
intervention [32]. Additionally, it has been reported that SLE
patients undergoing noncardiac surgery are at increased risk

for perioperative and postoperative major adverse cardiac
events, including MI and death, with these results dispro-
portionately afecting patients under the age of ffty [33].
However, epidemiological data suggesting an association
between SLE diagnosis and adverse outcomes following
cardiac surgery remain scant. Specifcally, no large-scale
multicenter study has yet examined the relationship be-
tween SLE diagnosis and adverse outcomes after CABG
procedures. We performed a retrospective cohort analysis of
the nationwide inpatient sample (NIS) using data from
January 2008–December 2018 to examine the relationship
between SLE and outcomes following CABG procedures and
to compare resource utilization between CABG patients with
and without SLE.

2. Methods

Te methods for this study were adapted from a similar
study, Del Re et al., which was completed by this same
research team [34]. Te study carried out by Del Re et al..
looked at the efect of major depressive disorder on CABG
outcomes whereas this study looks at the efect of SLE on
CABG outcomes.

2.1. Data Source. We queried the national inpatient sample
(NIS) from January 2008 to December 2018. Te NIS, de-
veloped for the Healthcare Cost and Utilization Project
(HCUP), is the largest publicly available database of in-
patient admissions in the United States containing 7 million
yearly admissions representing a 20% sample of all inpatient
admissions in the United States [35]. Te present study was
deemed exempt from IRB review (IRB# 1753188-6).

2.2. Study Population. We conducted a retrospective study
of patients older than eighteen years of age who underwent
CABG. Exclusion criteria were patients with a diagnosis of
primary antiphospholipid syndrome or other connective
tissue disorders. CABG and systemic lupus erythematosus
(SLE) diagnoses were ascertained through the International
Classifcation of Diseases ninth revision (ICD-9) and tenth
revision (ICD-10) codes (ICD codes listed in Supplementary
Table 1). Patients diagnosed with SLE were compared to
those without the diagnosis. Patient characteristics including
age, sex, race, median household income quartile, comor-
bidities (hypertension, diabetes mellitus, heart failure, prior
coronary artery disease, prior myocardial infarction, prior
CABG; complete list found in Supplementary Table 1),
weekend admission, hospital location/teaching status, and
hospital bed size (small, medium, and large) were collected
and included in the model.

2.3. Variables and Outcomes. Our primary outcomes were
in-hospital mortality, favorable discharge, and LOS. Sec-
ondary outcomes were the following inpatient complica-
tions: acute myocardial infarction, acute kidney injury,
cardiogenic shock, infection, transient ischemic attack/
stroke, acute liver injury, acute limb ischemia, and
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hemodialysis. Tese complications were identifed using
ICD-9 and ICD-10 diagnostic codes as listed in Supple-
mentary Table 1.

2.4. Statistical Analysis. All analyses were performed using
Stata Statistical Software: Release 15. College Station, TX:
StataCorp LLC. Te svy command was used to apply weights
and make national estimates using the methodology outlined
by HCUP [33]. Multivariable logistic regression models were
used for binary outcomes. Careful attention was placed to
adjust for confounding variables, avoid collinear variables, and
avoid overftting in each model. Model covariates were chosen
a priori in order to avoid bias. We adjusted all models for age,
smoking, anxiety, dyslipidemia, obesity, heart failure, hyper-
tension, prior coronary artery disease, prior mesenteric is-
chemia, prior percutaneous coronary intervention, prior
CABG, prior TIA/stroke, atrial fbrillation, peripheral artery
disease, anemia, chronic pulmonary diseases, liver disease,
coagulopathy, fuid and electrolyte disorders, and cancer. We
adjusted the control group to match the experimental group to
eliminate demographic diferences using propensity matching.
We conducted gamma regression with a log-link function for
LOS given the right-skewed distribution nature of this variable.
We reported adjusted odds ratios (ORs) and 95% confdence
limits for binary outcomes and β-coefcients for LOS. β-co-
efcient denotes a percent change in the outcome (ex.-coef-
fcient� 1.09 indicates a 9% increase). An alpha level of
signifcance (p) was set as priori at 0.05.

3. Results

3.1. Population Characteristics. A total of 354,852 patients
underwent CABG, of which 1,100 patients were excluded
due to comorbid primary antiphospholipid syndrome (APS)
or other connective tissue diseases. Among the remaining
CABG patients, 0.27% (n� 880, mean age� 62.2 years) had
a diagnostic code for SLE while 99.73% (n� 322,226, mean
age� 66.08 years) did not have any SLE-related diagnostic
codes. Among the CABG patients with a diagnosis of SLE,
74.0% were women, 16.9% were Black, and 16.7% had
a median household income in the bottom 25th percentile
nationally (compared to 26.0% women, 6.4% Black, and
19.3% in the 25th percentile of national income in CABG
patients without SLE). Patient demographics are listed in
Table 1.

3.2. Primary Outcomes. CABG patients with a comorbid
SLE diagnosis had statistically similar odds of in-hospital
mortality when compared to non-SLE CABG patients
(OR� 0.92, p � 0.671). Among the surviving CABG pa-
tients, no signifcant diferences were found in nonhome
discharge (OR� 1.06, p � 0.395) or length of hospital stay
(p � 0.130) (Table 2).

3.3. Secondary Outcomes. CABG patients with a comorbid
SLE diagnosis had signifcantly increased odds of post-
operative acute kidney injury (OR� 1.27, p � 0.009) and

signifcantly decreased odds of acute liver injury (OR� 0.36,
p � 0.012) when compared to CABG patients without an
SLE diagnosis. No signifcant diference was found in he-
modialysis (OR� 1.16, p � 0.166), AMI (OR� 0.94,
p � 0.413), cardiogenic shock (OR� 0.76, p � 0.072), PCI
(OR� 0.83, p � 0.378), transient ischemic attack (TIA)/
stroke (OR� 0.98, p � 0.903), infections (OR� 1.02,
p � 0.931), acute limb ischemia (OR� 0.75, p � 0.713), or
mechanical circulatory support (OR� 0.91, p � 0.408)
(Table 3).

4. Discussion

Tis study utilizing the NIS database is the frst to our
knowledge to investigate the relationship between the
preoperative diagnosis of SLE and inpatient outcomes fol-
lowing CABG. Te results of our investigation reveal that
CABG patients with a preoperative diagnosis of SLE are at
27% increased odds of postoperative acute kidney injury
when compared to CABG patients without an SLE diagnosis.
It is well-understood that kidney disease is an inherent risk
for patients with SLE.Te most common renal complication
of SLE continues to be lupus nephritis (LN), a condition
defned by the SLE autoimmune response targeted towards
renal cells, causing considerable kidney infammation and
damage [36, 37]. LN is widespread in SLE patients, afecting
up to ffty percent of patients [37]. Wong and Goral report
that up to thirty percent of all SLE patients will progress to
end-stage kidney disease (ESKD) while Parikh et al. report
a fve-year mortality rate of up to twenty-fve percent for
patients with proliferative LN and ESKD secondary to SLE
[38, 39]. Present studies exploring a variety of patient da-
tabases in the United States and internationally have
demonstrated that SLE-related renal damage contributes to
adverse postoperative outcomes in kidney transplantations,
Caesarian sections, vascular surgery, and other minimally
invasive and invasive procedures [40–43]. It is, therefore, not
surprising that postoperative outcomes for individuals with
SLE undergoing cardiac surgery such as CABG are afected
by their renal health. Other studies examining noncardiac
surgery postoperative outcomes for SLE patients seem to
corroborate our results. In a study of 4,321 Taiwanese SLE
patients undergoing invasive surgery, Bartoszko and Kar-
kouti found that patients who had received SLE-related
clinical care within six months of their procedure had
7.23 times greater odds of postoperative renal failure within
30 days than patients who had not received the same care
[44]. While Lin’s study does not clarify which procedures are
undertaken, the efects of SLE on postoperative adverse renal
outcomes are clear.

One potential explanation for our results is the use of
cardiopulmonary bypass (CPB) during CABG procedures.
While substantial advances have been made in the feld of
tissue perfusion during surgery, adverse outcomes including
coagulopathy, hypoperfusion, and widespread infammation
continue to be major concerns for patients on CPB [45].
Tese complications, in turn, are known to adversely afect
the kidneys; systemic infammatory responses caused by the
patient’s blood entering the foreign environment of the
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perfusion pump cause infammation and microemboli
formation in the kidneys [46]. Te most immediate con-
sequences are vasoconstriction and renal ischemia, resulting
in a decreased glomerular fltration rate [47]. In practice, this
can lead to decreased or disrupted kidney function, pre-
senting as acute kidney injury (AKI) and less commonly
ESKD requiring the use of dialysis (e.g., patients without
SLE) [48]. In patients with SLE, whose kidneys may already
be compromised through the widespread infammatory
efects of SLE and LN, the potential for renal complications
increases further. Our fndings regarding the increased as-
sociation of postoperative acute kidney disease corroborate
the relationship between SLE and kidney disease. Tere

appeared to be a trend towards increased risk of post-
operative hemodialysis in patients with SLE, though this did
not reach statistical signifcance.

Our study also revealed that CABG patients with
a preoperative diagnosis of SLE are at 64% decreased odds of
postoperative acute liver injury. Tere has been signifcantly
less research performed on the pathophysiology of hepatic
conditions in patients with SLE. While the liver is not
traditionally noted as an organ of interest in the progression
of SLE, several cohort and case studies have made light of the
potential for hepatic complications in SLE patients. Taka-
hashi et al. demonstrated in a study of 206 Japanese patients
with SLE that liver dysfunction of varying degrees was

Table 1: Patient demographics among systemic lupus erythematosus (SLE) using patients undergoing CABG in the national inpatient
sample (NIS 2008–2018).

Characteristic SLE patients n� 880 Non-SLE patients n� 322,226 p value for
diference∗ 95% CI∗ % bias∗% (n) % (n)

Age (years± SD) 62.20± 8.47 66.08± 8.89
Gender
Male 26.0 (229) 74.0 (238,522) <0.001 [0.64–0.74] 0.0
Female 74.0 (651) 26.0 (83,685)

Race
White 64.3 (566) 73.4 (236,598) 0.604 [−0.06–0.10] 0.0
African American 16.9 (149) 6.4 (20,670) <0.001 [0.30–0.49] 0.0

Income
1st quartile 29.7 (261) 27.5 (88,702)

0.1482nd quartile 28.3 (249) 27.0 (87,042)
3rd quartile 23.3 (205) 24.1 (77,568)
4th quartile 16.7 (147) 19.3 (62,319)

Comorbidities
Smoking status 39.2 (345) 44.6 (143,570) 0.045 [−0.10–−0.001] 0.0
Anxiety disorders 15.5 (136) 9.5 (30,634) 0.045 [0.002–0.13] 0.0
Dyslipidemia 61.3 (539) 75.6 (243,743) <0.001 [−0.21–−0.11] 0.0
Hypertension 66.6 (586) 69.7 (224,436) 0.029 [−0.10–−0.01] 0.0
Obesity 24.0 (211) 23.9 (76,958) <0.001 [−0.16–−0.06] 0.0
Diabetes mellitus 35.6 (313) 44.2 (142,562) <0.001 [−0.26–−0.16] 0.0
Prior CAD 17.7 (156) 17.5 (56,537) 0.572 [−0.04–0.08] 0.0
Prior MI 19.0 (167) 15.5 (50,096) 0.001 [0.03–0.16] 0.0
Prior CABG 1.4 (12) 1.9 (6,064) 0.314 [−0.29−0.09] 0.0
Prior PCI 10.7 (94) 10.1 (32,561) 0.571 [−0.05–0.10] 0.0
Peripheral artery disease 14.4 (127) 12.7 (41,055) 0.072 [−0.01–0.12] 0.0
Prior TIA/stroke 11.5 (101) 7.4 (23,900) <0.001 [0.06–0.21] 0.0
Atrial fbrillation/futter 22.5 (198) 27.7 (89,211) 0.763 [−0.05–0.06] 0.0
Anemia 20.0 (176) 13.7 (44,282) 0.001 [0.04–0.16] 0.0
Chronic pulmonary diseases 41.9 (369) 30.6 (98,549) <0.001 [0.08–0.18] 0.0
Liver disease 4.5 (40) 2.2 (7,130) <0.001 [0.12–0.36] 0.0
Coagulopathy 25.8 (227) 20.8 (66,983) <0.001 [0.08–0.18] 0.0
Fluid and electrolyte disorders 40.3 (355) 32.1 (103,328) <0.001 [0.04–0.14] 0.0
Pulmonary circulation disorders 9.5 (84) 5.9 (19,088) 0.001 [0.06–0.22] 0.0
Cancer 0.80 (7) 1.1 (3,465) 0.911 [−0.23–0.26] 0.0

Table 2: Length of stay and disposition for systemic lupus erythematosus (SLE) patients compared to non-SLE patients after coronary artery
bypass grafting (CABG) surgery.

Resource SLE patients n� 880 Non-SLE patients n� 322,226 95% CI p valueMean (median) Mean (median)
Length of stay (days) 11.1 (9) 9.8 (8) 0.99–1.07 0.130
Disposition Odds ratio
Nonhome care facility 1.06 0.92–1.22 0.395
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evident in 123 patients, or 59.7% of patients overall [49].
While this number is considerable, Takahashi points out that
of the patients with liver dysfunction, it was more likely that
the dysfunction was drug-induced (30.9%) than a manifes-
tation of SLE (28.5%). A study by Kübel et al. on 172 SLE
patients, additionally, found elevated liver enzymes that are
indicative of liver injury in 63.4% of the population, with
abnormal liver ultrasound fndings in 19.8% [50]. Te study
fails to provide a causative agent for the observed hepatic
abnormalities, however, focusing instead on potential steps
for healthcare providers to track changes in hepatic function
for SLE patients. Hepatic prognosis in SLE patients,
meanwhile, is largely positive; a study by Chowdary et al.
revealed that in a cohort of forty patients with SLE, 93% of
patients did not have any hepatic disease onset fve-year
postdiagnosis [51]. Collectively, hepatic pathology in SLE
patients is largely nonspecifc, with the prevalence of hepatic
complications largely attributable to nonimmunologic
causes such as hepatotoxic drugs, alcohol use, or preexisting
hepatic conditions. Our fnding of decreased acute liver
injury in SLE patients after CABG is difcult to explain based
on the existing literature and therefore warrants further
investigation.

One demographic feature of note in our cohort is the
increased percentage of SLE patients undergoing CABGwho
were women (74.0%) and Black (16.9%) when compared to
non-SLE patients undergoing CABG (26.0% women and
6.4% Black). Tese fndings are in line with statistics re-
ported by Maidhof et al. that demonstrated Asian, Afro-
Caribbean, Afro-American, and Hispanic backgrounds, as
well as women of child-bearing age, were more likely to
develop SLE [2].Te demographics of our cohort allow us to,
in part, retroactively validate that our selected population is
characteristic of the SLE patient population at large.

Our study contains a few noteworthy limitations. First,
the NIS allows us to investigate trends but does not allow us
to investigate detailed clinical variables such as imaging,
laboratory test results, and medication use. Moreover, this
study relied heavily on the ICD-9 and ICD-10 coding
standards to develop our SLE and non-SLE populations,
which makes the results of this study prone to medical
coding errors by healthcare professionals as patients were
entered into the NIS database. Lastly, our study lacked
a balanced sample size for the cohort of CABG patients with
SLE, with 880 SLE patients versus 322,226 non-SLE patients
in the cohort of CABG patients without SLE. Tis is
a function of the rarity of SLE in the general American
population, but it is noteworthy nonetheless for the im-
balance of sample sizes.

5. Conclusion

Our study demonstrates that patients with a preoperative
diagnosis of SLE had a higher association with postoperative
acute kidney injury and a lower association with acute liver
injury following CABG. In line with other studies in-
vestigating the involvement of the kidneys in SLE, our results
may refect the prevalence of renal complications present in
SLE patients. Our results also encourage further

investigation into the causes of positive hepatic outcomes
and mitigating factors for negative renal outcomes in SLE
patients undergoing CABG.
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[19] J. Frostegård, “Systemic lupus erythematosus and cardio-
vascular disease,” Lupus, vol. 17, no. 5, pp. 364–367, 2008.

[20] M. B. Urowitz, D. Gladman, D. Ibañez et al., “Atherosclerotic
vascular events in a multinational inception cohort of sys-
temic lupus erythematosus,” Arthritis Care & Research,
vol. 62, no. 6, pp. 881–887, 2010.

[21] R. Alghareeb, A. Hussain, M. V. Maheshwari, N. Khalid, and
P. D. Patel, “Cardiovascular complications in systemic lupus
erythematosus,” Cureus, vol. 14, no. 7, Article ID e26671,
2022.

[22] A. Torres, A. D. Askari, and C. J. Malemud, “Cardiovascular
disease complications in systemic lupus erythematosus,”
Biomarkers in Medicine, vol. 3, no. 3, pp. 239–252, 2009.

[23] M. Akiyama, Y. Kaneko, and T. Takeuchi, “Lupus aortitis:
a fatal, infammatory cardiovascular complication in systemic
lupus erythematosus,” Lupus, vol. 29, no. 12, pp. 1652–1654,
2020.

[24] A. Joshi, J. Lerman, T. Aberra et al., “Increased clinical and
fnancial burden of heart failure hospitalizations in patients
with rheumatoid arthritis: insights from the national inpatient
sample,” Journal of the American College of Cardiology, vol. 71,
no. 11, p. A903, 2018.

[25] S. R. Schoenfeld, S. Kasturi, and K. H. Costenbader, “Te
epidemiology of atherosclerotic cardiovascular disease among
patients with SLE: a systematic review,” Seminars in Arthritis
and Rheumatism, vol. 43, no. 1, pp. 77–95, 2013.

[26] C. H. Lin, M. L. Lee, and R. B. Hsu, “Cardiac surgery in
patients with systemic lupus erythematosus,” Interactive
Cardiovascular and Toracic Surgery, vol. 4, no. 6, pp. 618–
621, 2005.

[27] H. Dajee, E. J. Hurley, and R. J. Szarnicki, “Cardiac valve
replacement in systemic lupus erythematosus,”Te Journal of
Toracic and Cardiovascular Surgery, vol. 85, no. 5, pp. 718–
726, 1983.

[28] J. Tejeda-Maldonado, L. Quintanilla-González, J. Galindo-
Uribe, and A. Hinojosa-Azaola, “Cardiac surgery in systemic
lupus erythematosus patients: clinical characteristics and
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