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ABSTRACT
Surgical treatment of coronary artery disease in the systemic lupus erythematosus (SLE) patients has not been comprehen-
sively addressed. The present review aimed to give an overview of coronary artery disease in the SLE patients receiving coro-
nary artery bypass grafting (CABG). The study materials were based on comprehensive literature retrieval, which recruited 17
pertinent articles with 30 patients. No differences were found in the graft patencies between the arterial and venous grafts; and
between the early and late patency rates. Pathological inspections revealed that all graft vessels were normal with no signs of
SLE-related atherosclerosis or vasculitis, one coronary artery was pathologically normal, and another coronary artery showed
vasculitis. The coexisting disorders, including diabetes mellitus, hyperlipidemia, and nephropathy in the SLE patients cause
early deterioration of the saphenous vein grafts. Early occlusion of the saphenous vein grafts was also observed in SLE patients.
The left anterior descending coronary artery was most commonly affected by SLE and was the most common coronary artery
requiring a CABG procedure. The graft vessels, both arterial and venous, rarely degenerated; whereas, early and late graft
failure was usually caused by technical failures. The lack of vasculitis and atherosclerosis in the arterial grafts encourage
surgeons to prefer to use the arterial grafts in SLE patients. Less invasive surgical technique would favour the patients in terms
of long-term outcomes.
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INTRODUCTION
Cardiovascular involvements of systemic lupus erythematosus
(SLE) may include pericarditis, myocarditis, endocarditis, valvular
disorders, and coronary artery disease.1 Coronary artery disease
is a leading cause of death of SLE patients.2 It can be attributed to
premature atherosclerosis,  arteritis,  thrombosis,  embolisation,
vasospasm,  and  impaired  coronary  flow  reserve.3  Myocardial
infarction can be a presenting manifestation of SLE.4

It  was  reported  that  angina/myocardial  infarction  occurred  in
2-16% of the patients.3 A necropsy observation on 623 coronary
segments from 22 necropsy patients showed that the prevalence
of coronary artery stenosis of different degrees was significantly
higher than that of the control.5 In addition, the development of
coronary artery aneurysm in SLE patients can also be a sequel of
arteritis and premature atherosclerosis.4
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Nevertheless, surgical treatment of coronary artery disease in
SLE patients is sporadically reported and the results of coronary
artery bypass grafting (CABG) in these patients are somewhat
inconclusive. The present study aimed to review the available
evidence on coronary artery disease in SLE patients receiving a
surgical treatment.

METHODOLOGY

The preferred reporting items for systematic reviews and meta--
analyses (PRISMA) statement guidelines were followed in this
meta-analysis.  Publications were systematically  searched in
the  PubMed,  Highwire  Press,  and  the  Cochrane  Library
databases.  The  MeSH  terms  and  keywords  used  to  identify
articles  included  systemic  lupus  erythematosus,  coronary
artery disease, myocardial infarction, coronary artery bypass
grafting, off-pump coronary artery bypass, and minimally inva-
sive  direct  coronary  artery  bypass  (MIDCAB).  Bibliographic
references were also tracked for the completeness of the litera-
ture retrieval. Thirty-six articles were found related to the topic
and keywords in the literature search; and 17 articles, which
met the inclusion criteria during preliminary assessment, were
included in the review. Of them, articles with a patient popula-
tion receiving CABG procedure in the majority (for example,
>90%) of patients and receiving CABG and concurrent valve
procedures in a minonity of patients were recruited into this
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study. The exclusion criteria were articles describing coronary
artery disease in rheumatic patients (n=5), cardiovascular risks
of SLE patients (n=4), irrelavant design (n=2), gene polymor-
phism of SLE patients (n=2), ischemic stroke of SLE pateints
(n=1), hospitalisation of SLE patients receiving CABG (n=1),
lupus  nephritis  (n=1),  background  discussion  of  SLE  (n=1),
cardiovascular diseases in connective tissue disorder (n=1),
and  cardiovascular  diseases  in  Sjögren  syndrome  patients
(n=1).

Data were carefully extracted for details of the study population,
demographics, medical history of SLE, clinical manifestations,
duration of steroid use, surgical techniques, bypass graft configu-
rations, early (2-3 weeks after operation) and late (≥1 year) graft
patency (detected by coronary angiography), pathology of the
graft  vessels  and  coronary  arteries,  length  of  follow-up,  and
patients’ prognoses.

Quantitative data were presented as mean ±standard deviation,
and the intergroup differences were compared by independent
samples t-test. The categorical variables, expressed by numbers
and percentages, were compared by Fisher’s exact test. An IBM
SPSS statistics software version 22.0 was used for the statistical
analyses. p<0.05 was considered statistically significant.

RESULTS
In total, 17 articles were obtained with 30 patients involved in the
articles.4,6-20 Gender was not indicated for one of the patients. Of
the remaining 29 patients, 10 (34.5%) were male and 19 (65.5%)
were female patients (χ2=5.6, p=0.035), with a male-to-female
ratio of 1:1.9. The patients were at the age of 50.6 ±16.3 years
(n=28). There was no difference in patients’ age between the
male and the female patients (60.0 ±13.0 years vs. 51.9 ±13.1
years, p=0.167). The SLE history of the patients lasted 11.5 ±7.4
years (n=20). The female patients had a longer SLE history than
the male patients (15.4 ±6.9 years vs. 7.4 ±5.1 years, p=0.038).
The steroid use was 12.4 ±4.5 years (n=8) for the patients until
current admissions.

Clinical manifestations for current admissions were described in
13 (43.3%) patients. There were 19 manifestations in the 13
patients, including chest pain/angina (n=12, 63.2%),4,6,8,9,11-15,17

dyspnoea/shortness of breath (n=5, 26.3%),8,11,12,15,16 epigastric
pain  (n=1,  5.3%),8  and  numbness  (n=1,  5.3%).8  One  of  the
patients with coronary artery aneurysm of the right coronary
artery developed myocardial re-infarctions.4

Surgical  indication for  CABG was coronary  artery  stenosis  or
occlusion in 29 (96.7%) patients; and coronary artery aneurysm
associated with coronary artery stenosis in one (3.3%) patient.
Two (6.7%) patients were operated on an urgent basis.8,11 The
number of the diseased coronary arteries was described in 23
(76.7%)  patients,  in  whom  2-vessel  disease  predominated
(Figure 1).  The affected coronary artery was described in 17
(56.7%)  patients,  with  the  left  anterior  descending  coronary
artery  being  the  most  commonly  affected  coronary  artery
(Figure 2). The number of the bypass grafts was 2.3 ±1.1 per
patient (n=24).

Figure 1: The distribution of the number of the diseased coronary arteries
in 23 patients. LM: Left main trunk.
 

FIgure 2: The affected coronary artery in 17 patients. LAD: left anterior
descending coronary artery. LIMA: Left internal mammary artery; OM:
Obtuse marginal branch; PDA: Posterior descending coronary artery;
RCA: Right coronary artery.

The bypass technique was not datailed in one report for one
patient.  In  the  remaining  29  patients,  the  techniques  were
conventional CABG in 22 (75.9%) patients,4,6-10,13,15-19 on-pump
beating heart CABG in 3 (10.3%) patients,10 off-pump coronary
artery bypass in 3 (10.3%) patients,6,11,14 and endoscopic coro-
nary artery bypass in 1 (3.4%) patient.12 The coronary artery
bypass  grafts  were  substantially  described  in  20  (66.7%)
patients, in whom 45 grafts were bypassed, with 40 (88.9%)
single grafts, 3 (6.7%) sequential grafts,16,18  and 1 (2.2%) Y-
graft.14 The left internal mammary artery-left descending coro-
nary artery bypass was the most common bypass configuration
of this patient setting (28.9%, 13/45).6,11-19
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Table  I:  Distributions  of  47  graft  (donor)  vessels  and 51 receipt
vessels for coronary artery bypass grafting.

Vessel n (%)
Graft (donor) vessel  
   Left internal mammary artery6,7,11-19 16 (34.0)
   Right internal mammary artery14,18 4 (8.5)
   Right gastroepiploic artery13 1 (2.1)
   Saphenous vein graft4,6,7,11,15-18 26 (55.3)
Receipt vessel  
   Left anterior descending coronary artery6,8,11-19 19 (37.3)
   Diagonal branch14-16,18 7 (13.7)
   Circumflex branch8,18 7 (13.7)
   Obtuse marginal branch6,14-17 7 (13.7)
   Left main trunk8 1 (2.0)
   Right coronary artery4,11,13,18 7 (13.7)
   Posterior descending coronary artery15,17 3 (5.9)

Table II: A comparison of graft patency.

Graft patency Early Late χ2 p-value
Arterial 9/11 (81.8) 7/8 (87.5) 0.1 1.000
Venous 16/18 (88.9) 6/6 (100) 0.7 1.000
Unspecified 4/7 (57.1) 1/1 (100) 0.7 1.000
Overall 29/36 (80.6) 14/15 (93.3) 1.3 0.409
χ2 (arterial vs. venous
graft) 0.3 0.8 -- --

p-value (arterial vs.
venous graft) 0.622 1.000 -- --

There were 47 graft vessels reported, including 21 (44.7%) arte-
rial and 26 (55.3%) venous grafts (χ2=1.1, p=0.409). The left
anterior  descending coronary artery  was the most  common
coronary artery to be bypassed (Table I).

Nine (30%) patients had one or more concurrent/subsequen-
t/late  cardiac  operations,  including  concurrent  mitral  valve
replacement,  aortic  valve  replacement,  or  mitral/tricuspid
valvuloplasty (n=5),10,18,19 apical aneurysmectomy (n=1),9 and
stent deployment (to seal the coronary artery aneurysm and to
dilate the stenotic lesion) (n=1),4 subsequent stent to the first
diagonal branch on postoperative day 3 (n=1),12 and late aortic
valve replacement three years after the initial CABG (n=1).16

The graft patency was evaluated early in 19 patients and late in
six patients. No differences were found in the graft patencies
between the arterial and venous grafts or between the early and
late patency rates (Table II). Twenty risk factors leading to graft
failure  were  described  in  16  (53.3%)  patients,  with  hyper-
tension10,12,17,18 being the most common risk factor accounting
for 35% (7/20), followed by renal failure (20%, 4/20),6,18 diabetes
mellitus  (15%,  3/20),17,18  antiphospholipid  syndrome  (10%,
2/20),14,19 hypercholesterolemia (10%, 2/20),4,18 positive lupus
anticoagulant  (5%,  1/20),19  and  pulmonary  embolism  (5%,
1/20).14 The coexisting disorders, including diabetes mellitus,
hyperlipidemia, and nephropathy, led to an early deterioration
of the saphenous vein grafts.18

There  were  eight  graft  vessels  (5  left  internal  mammary
arteries,6,13,15 one right gastroepiploic artery13 and two saphe-
nous vein grafts6) and two coronary arteries under pathological
inspections in six (20%) patients. All eight graft vessels were
normal  with  no  signs  of  SLE-related  atherosclerosis  or

vasculitis,  whereas  one  coronary  artery  was  pathologically
normal,15  and  another  coronary  artery  showed  changes  of
vasculitis.12

Patients were under a follow-up of 34.4 ±31.6 months (n=18).
The  prognoses  were  described  in  29  patients:  17  (58.6%)
patients recovered,6,10,12-19 2 (6.9%) patients were improved,8,9 5
(17.2%) patients were complicated (early graft thrombosis,10

bleeding,4 mediastinitis,11 and superficial wound abscess of the
right leg with subsequent saphenous vein graft occlusion15),
and 5 (17.2%) patients died.10,18,19 There were 2 early deaths18,19

and 3 late deaths,10,18,19 with an early mortality of 6.9% (2/29),
and a late mortality of 11.1% (3/27).

DISCUSSION

The premature coronary atherosclerosis in SLE can be due to
immune complex deposition and complement activation in the
arterial wall, chronic steroid therapy that may worsen hyperg-
lycemia and hyperlipidemia, and/or the associated antiphos-
pholipid syndrome, which predisposes to thrombus formation
and myocardial infarctions.12 The risk factors responsible for
coronary  artery  disease  in  SLE  patients  include  coronary
arteritis and steroid-induced accelerated atherosclerosis.18 The
SLE  patients  are  usually  young,  and  the  acute  coronary
syndrome in these patients is largely attributed to the under-
lying autoimmune disease.12 The pathological changes of the
coronary  arteries  in  SLE  patients  can  be  atherosclerosis  or
arteritis,  and  the  incidence  of  coronary  atherosclerosis  and
arteritis was similar.21 Hyaline arteriolar disease seen in the coro-
nary lesions probably causes myocardial infarction.21 Clinically,
coronary arteritis, premature atherosclerosis, and SLE-induced
myocardial microvasculopathy are considered to be the predis-
posing risk factors of myocardial infarction in SLE patients.14

Postoperative myocardial infarction can be due to graft throm-
bosis that may cause patient death.19

Balloon angioplasty procedures may pose some risks to these
patients, as it may dislodge the thrombus, resulting in an emboli-
sation  of  the  distal  right  coronary  artery.4  This  event  may
warrant an aggressive surgical operation in SLE patients.

CABG in SLE patients was first reported by Homcy et al. in 1982.9

In 2014, Maeda et al. described an SLE patient receiving an
urgent CABG before the start of steroid therapy was associated
with difficult perioperative management.11 Therefore, perioper-
ative  administration  with  methylpredonisolone  and  heparin
was suggested for preventing from thrombus formation and
aggravation of SLE.6 Moreover, in order to obtain a better opera-
tive  course,  the  recommended  perioperative  management
strategies included one-week preoperative suspension of anti-
coagulants to avoid operative bleeding; continuous administra-
tion of heparin to prevent from thrombus formation; activated
clotting time controlled for >500 seconds during the operation
and methylpredonisolone infusion to avoid acute aggravation
of SLE; and early postoperative anticoagulant recovery.19

The SLE patients are at greater risks of postoperative morbidity
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and mortality. It was reported that the in-hospital mortality rate
of CABG in SLE patients was 5.7%.22 This result was much higher
than in-hospital mortality rate of CABG in general population
reported from The Society of Thoracic Surgeons Adult Cardiac
Surgery Database, which was 1.7% and 1.8% in 2016 and in
2019, respectively.23,24 Papa et al. identified four risk factors that
predicted an increased morbidity of SLE patients, which were
preoperative higher doses of steroid, multiple organ involve-
ments,  emergent  operation,  and  renal  failure.25  The  SLE
patients  receiving  CABG  and  concurrent  valvular  operation
posed an increased risk of death.21 Uea et al. reported a hospital
death of one of their SLE patients receving CABG was due to an
urgent operation, acute heart failure, and a low ejection fraction
of 26%.18

The patency rate of the arterial grafts in SLE patients receiving
CABG was 81.8% (9/11) with two stenosed or string-like grafts
due  to  intraoperative  technical  failures.  There  has  been
consensus on whether the arterial grafts should be preferred in
SLE patients.26 In general population, the patency of coronary
artery bypass grafts depends on graft choices, bypass configu-
ration, and stenotic degree and location of the target coronary
arteries. In the SLE patients, both coronary arteritis and atheros-
clerosis have been described in young SLE patients. The SLE
patients were reported to often have vasculitis; and the inci-
dence  was  reported  to  be  11-36%.27  However,  pathological
inspections of the mammary arterial grafts revealed only minor
atherosclerotic  changes in most of  the SLE patients,  but no
arteritis or significant atherosclerosis was noted.18 Ura et al.
repeated angiography in two patients with the mammary artery
grafting, which showed no signs of newly developed atheroscle-
rosis or arteritis.18 The long-term patency of mammary artery
grafts was demonstrated in various studies on SLE patients, but
it was uncertain whether the mammary arterial grafts would
develop arteritis and atherosclerosis in SLE patients at a later
stage. Long-term patency of the gastroepiploic artery graft in
patients with SLE also requires further evaluations.13 Moreover,
the coexisting disorders, such as diabetes mellitus, hyperlipi-
demia, and nephropathy, often cause an early deterioration of
the saphenous vein grafts in SLE patients.18 Early occlusion of
the  saphenous  vein  grafts  has  also  been  observed  in  SLE
patients.28  The  resistance  of  internal  mammary  artery  to
atherosclerosis was once attributed to prolonged steroid use in
SLE patients,18 but nowadays it is convinced that the advan-
tages of the internal mammary artery grafts over other conduits
are due to the superior endothelial function, greater antithrom-
botic molecules, higher endothelial nitric oxide production, and
flow remodeling.2,29,30  Most importantly, steroids, particularly
long-term steroid use, inhibits the normal healing process and
may predispose to aneurysmal formation in coronary artery
disease patients.9 This may possibly interpret the graft failure in
SLE patients.

The present study revealed that both young and old patients
took  shorter  time  to  develop  coronary  artery  disease  than
middle-aged patients. There was no discrepancy in the patency
rates between the arterial and venous grafts. It proved that the

graft vessels, both arterial and venous, rarely degenerated, and
technical failures might be a major determinant of early and late
graft failure.18 Meanwhile, the pathological changes of the coro-
nary artery were noted in part of SLE patients.

Patients with SLE is often associated with an antiphospholipid
syndrome,  a  severe  prothrombotic  disorder  that  may  occur
after surgical operations. The SLE patients receiving a heart
operation by using a minimally invasive approach may prevent
severe tendency of haemorrhage in relation to anticoagulation
from happening.31 With hybrid CABG and coronary angioplasty,
the outcomes of the SLE patients with coronary artery disease
seem to be promising.18

The limited information from the pertinent literature consti-
tutes the major drawback of this study. Comparisons of the surg-
ical  outcomes  between  the  conventional  and  less  invasive
CABG  procedures,  and  the  graft  patency  rates  between
different  grafts  could  not  be  sufficiently  evaluated.  Further
observations of SLE patients receiving CABG are warranted for
obtaining more conclusive results in terms of the graft patency,
the  pathological  changes  of  the  grafts  and  the  coronary
arteries, and the predisposing risk factors for graft failure of SLE
patients.

CONCLUSION

SLE patients requiring CABG are mostly ladies. The left anterior
descending coronary artery is the most commonly affected coro-
nary artery that requires CABG. Prolonged steroid use in SLE
patients enables the mammary arteries resistant to the atheros-
clerotic changes. The graft vessels, both arterial and venous,
rarely degenerated; whereas, early and late graft failure was
usually caused by technical failures. The lack of vasculitis and
atherosclerosis in the arterial graft vessels encourage surgeons
to prefer to use the arterial grafts in SLE patients. Less invasive
surgical technique would favour these patients in terms of long-
term outcomes.
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