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Abstract

Granulomatosis with Polyangiitis (GPA) is a systemic, autoimmune 
disorder characterized by inflammatory insult and granulomatous processes 
in small and medium-sized vessels leading to various clinical presentations 
from underlying vasculitis. Underlying such inflammatory cascade is the 
overactivity of Antineutrophil Cytoplasmic Antibodies (c-ANCA) targeting serum 
Proteinase 3 (PR3), whose aberrant targeting classically modulates molecular 
signaling pathways leading to clinical manifestations of the Ear, Nose and 
Throat (ENT), in addition to renal impairment. Peripheral vessel involvement 
(i.e. limb vasculature) is not generally associated with GPA. With the exception 
of seldom reports in the literature, it is rare for GPA to present with coronary 
artery involvement. Moreover, reports of multi-vessel disease (e.g. triple-vessel 
disease) with GPA warranting Coronary Artery Bypass Graft (CABG) are lacking 
in such accounts. The latter with preceding iliac artery claudication makes such 
a presentation of GPA exceptionally novel and warrants contextual commentary 
regarding inflammation and Coronary Artery Disease (CAD). We report the case 
of a 55-year-old Caucasian male presenting with a 2 years history of right-sided 
groin cramping and an acute one-week history of claudication in the same area. 
After advised to follow up as an outpatient, this patient returned shortly thereafter 
to an acute care setting with hemoptysis and myocardial infarction worked up 
for GPA and triple-vessel disease. The patient was subsequently treated with 
immunosuppressive pharmacotherapy prior to CABG. We conducted a review 
of the literature underpinned in clinical and translational biology with a focus on 
the salient inflammatory pathways featured in both coronary artery disease and 
GPA.
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Introduction
A significant proportion of triple-vessel disease cases can be 

attributed to Coronary Artery Disease (CAD) [1]. Underlying severe 
CAD is coronary atherosclerosis and a complex, multifactorial 
pathologic orchestra marked initially by the accumulation of Low-
Density Lipoprotein (LDL) within the subendothelial space of 
affected vessels, which subsequently undergoes oxidation [2,3]. This 
Oxidized Low-Density Lipoprotein (oxLDL) stimulates macrophage 
infiltration, and the uptake of oxLDL results in the formation of 
foam cells, or the so called infamous “fatty streak” observable under 
microscopy. The degradation of foam cells results in the egress of 
their contents, which induce a cascade of smooth cell proliferation 
and an inflammatory cascade culminating in a fibroinflammatory 
lipid plaque, called an atheroma [4,5]. This focal thickening of the 
arterial tunica intima hampers vessel compliance in addition to 
promoting a stenotic phenotype [6]. Coronary vessel occlusion 
may lead to inadequate myocardial perfusion and subsequent 
angina if anatomical restriction is significant enough to warrant a 
physiologically significant dearth in myocardial oxygenation [7]. 
One notable consequence of this resultant ischemia is cellular death 
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of cardiomyocytes in the setting of increased oxygen demand. In the 
context of symptomatic CAD, compensatory physiologic processes 
are insufficient to provide adequate perfusion to the myocardium 
and may invoke a Myocardial Infarction (MI). Moreover, the lesions 
accrued at the commencement of vascular insult results in vessel 
stiffness, which promotes a state of hypertension. The mechanical 
forces associated with pernicious blood flow dynamics may cause 
plaque disruption and subsequent thrombosis in this setting. 
Moreover, expansion of thrombi without complete dislodgement 
may in itself additionally obstruction myocardial perfusion and 
induce MI.

Systemic inflammatory syndromes, such as the family of 
vasculitides, have received increased credence regarding their 
role as a nidus or provocateur of coronary artery disease due to 
aberrant signaling pathways or repeated degranulation of cytotoxic 
products from the leukocytes associated with these syndromes 
[8]. While multifarious in their pathophysiology, these conditions 
share a central theme of triggering bouts of inflammation that 
overlap with the same mediators that participate in pathologic 
plaque formation [9]. Substantively, every stage of atherosclerosis is 
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characterized by an inflammatory process. Even more interesting is 
that through inflammation of the vasculature, vasculopathies such 
as Granulomatosis with Polyangiitis (GPA) have the potential to 
disrupt the structural and physiologic architecture of the vascular 
endothelium the most preliminary event in pathologic cholesterol 
deposition. Within the literature, Kawasaki Disease and Takayasu’s 
arteritis are the classic vasculopathies associated with CAD [10-13]. 
However, there has been recent evidence that show that vasculitides 
not typically associated with CAD may also exhibit coronary artery 
complications ranging from mild fatty deposition to fulminant multi-
vessel disease [14,15]. There is evidence that supports GPA as a trigger 
for these pathologic events through autoimmune provocation. In 
the case of GPA, it is also believed that Antineutrophil Cytoplasmic 
Antibodies (c-ANCA) promote neutrophil adherence to vascular 
endothelium with subsequent degranulation of cytotoxic contents 
serving as the focus for vasculitis, vessel insult, and subsequent 
cholesterol accumulation [16].

Although extremely rare per current reviews of the literature, 
mindfulness of the association between vasculitides such as GPA 
and heart disease are can be critical in delineating the clinical 
manifestations of patients with MI, CAD, and recent history of 
vasculopathy [17]. We report the case of NSTEMI and triple-vessel 
CAD in a middle-aged, adult male with a recent history of lower limb 
claudication, later worked up for GPA. Given the rarity of GPA to 
present with coronary involvement in the literature, reports of these 
encounters are useful in informing clinicians while holding value in 
guiding management of vasculitis with concomitant Cardiovascular 
Disease (CVD). Moreover, a commentary outlining the mutual 
pathways in GPA and CAD offers an opportunity to shape perspectives 
regarding autoimmune conditions and the cardiovascular disease risk 
associated with them by placing inflammation in the spotlight.

Case Presentation
A 55-year-old male with no significant past medical history 

arrived at the emergency department due to a 1 week history of sharp 
pain in his groin and buttocks region that worsened at night and when 
laying down, consistent with a picture of claudication. These episodes 
of sharp pain were substantial enough to cause the patient to awaken 
the patient from sleep. Of note, he works as a skilled laborer in the 
automotive industry and has reported intermittent cramping also in 
his groin and buttocks with radiation from his right thigh down to his 
calf that he attributed to work-related overuse injuries. The patient 
reported that cramping episodes were more frequent and severe in 
nature with physical exertion, prompting temporary cessation of 
activity until the pain subsided. The remainder of a review of systems 
was null for significant clinical findings. Initially, the patient used 
over-the-counter Nonsteroidal Anti-Inflammatory (NSAIDs) agents 
as needed to alleviate his pain, but they no longer were effective per the 
patient. Upon arrival, the patient was afebrile and hemodynamically 
stable with the only pertinent physical exam findings elicited being 
tenderness to palpation of the right lower quadrant of the abdomen. 
A query of past medical and surgical history was nonsignificant, as 
the patient has not sought medical counsel of any kind in roughly 20 
years. Socially, the patient affirmed intermittent tobacco and cannabis 
use (quit tobacco roughly 12 years ago), and informed providers of a 
remote history of alcohol use disorder with complete sobriety reached 
over 20 years ago. His family history was unremarkable.

Computed Tomography Angiogram (CTA) with contrast 
of the abdominal aorta in addition to a CT study of the abdomen 
and pelvis without contrast were ordered to appraise the anatomy 
of the inciting limb. Appraisal of this image was significant for ill-
defined non-enhancing attenuation of the soft tissue surrounding the 
proximal right iliac artery just distal to the aortic bifurcation, without 
extravasation or extraluminal contrast deposition. Such findings 
suggest inflammatory changes about the proximal right iliac artery 
with prevailing diagnoses being focal vasculitis versus retroperitoneal 
fibrosis (Figure 1). Given clinical stability of and chronicity of 
symptoms without emergent aggravation, it was deemed that there 
was no indication for acute surgical intervention. It was decided that 
it would be appropriate for the patient to follow-up as an outpatient 
with vascular surgery pending primary care clearance.

Thirteen days later, this patient returned to the emergency 
department without establishing any formal visitation with any 
medical providers for interval period surgical evaluation. He 
presented with coughing, shortness of breath, tachypnea (respiratory 
rate ranging from 26-40 breaths per minute), diaphoresis, diffuse 
angina that started centrally and radiated to his left shoulder and 
jaw, and hemoptysis. The initial troponin levels of the patient were 
of 2.71ng/mL, peaking to a maximus of 8.99ng/mL within the 
interim. Associated with the cough was an intermittent, sensation 
of “burning” chest pain that he rated as a 7/10. Per the patient, he 
was able to produce roughly one teaspoon’s worth of bright red blood 
with cough five to ten times per day in the days leading up to his 
presentation to the emergency department. This clinical spectrum 
was also within the context of an unintentional weight loss of roughly 
10-15 pounds in the last 40 days.

His presentation was notable for hemodynamically stable 
parameters and afebrile status upon initial assessment. Physical exam 
was notable for inflammation and redness of the joints surrounding 
the knees and wrists, without edema of the lower extremities. This 
is consistent with the patient’s report of exacerbated swelling of 
knee, wrist, and hand joints for the past two weeks. An obtained 
Electrocardiogram (ECG) showed left atrial abnormalities and 
ST depressions in the inferolateral leads measuring roughly 1mm 
in depth consistent with non-ST segment Elevation Myocardial 
Infarction (NSTEMI) (Figure 2). The patient was given 321mg 

Figure 1: CT Angiogram of Chest upon Presentation. Dark Red-Right Iliac 
Artery, Dark Blue-Right Iliac Vein, Light Red-Left Iliac Artery, Light Blue-Left 
Iliac Vein.
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of Aspirin and a low-dose statin in the emergency room with a 
recommendation to hold beta blockers, heparin, and clopidogrel 
given blood loss via hemoptysis. The presentation of hemoptysis led 
to a concern for potential pulmonary emboli, which were ruled out 
with non-significant clinical exam findings supplemented with a CT 
of the chest, which did however show diffuse inflammatory infiltrates 
(Figure 3). The latter visual phenomena were then subsequently found 
to be diffuse alveolar hemorrhages. Subsequent workup for infectious 
etiology of hemoptysis including sputum acid-fast bacilli, blood 
culture, legionella sputum, HIV, fungal workup, and cryptococcus 
were negative. Moreover, the patient denied recent fevers, chills, 
exposure to known or perceived sick contacts, recent travel, or a 
possibility for zoonotic exposure.

At this point, Inflammatory and autoimmune entities started 
to prevail as foremost diagnoses within the differential given 
exhaustive testing for infectious etiology. In reference to the previous 
inflammatory changes noted earlier along the right iliac artery, 
the prospect of underlying vasculitis started to gain prominence. 
Subsequently, a diagnosis of C-ANCA vasculitis with positive serum 
Proteinase 3 (PR3) was found, with PR3 levels measuring 112.3 Units 
(institutional reference range, [0.00-21.00 Units]). At this point, the 
previous maximum troponin of 8.99ng/mL was followed by three 

subsequent descending troponin values of 6.55, 3.77, and 2.94 ng/
mL. Given the resolution of hemoptysis and concern of underlying 
myocardial injury warranting admission, the decision to prepare the 
patient for coronary catheterization was pursued. The findings of 
the studies revealed two large obtuse marginal branches of the Left 
Circumflex Artery (LCX) that exhibited 70% stenosis each. Studies 
of the Right Coronary Artery (RCA) revealed dominant status, with 
40% stenosis to the proximal portions, roughly 99% stenosis in the 
middle components, followed by Complete Total Occlusion (CTO). 
The most proximal portion (D1) of the Left Anterior Descending 
Artery (LAD) was 95% stenotic with the main artery exhibiting CTO. 
The following coronary audit is consistent with triple-vessel disease 
and representative images of the catheterization (Figure 4).

Given elevated serum PR3, hemoptysis, and vasculitis, a 
diagnosis of Granulomatosis with Polyangiitis (GPA) was made 
by rheumatology consulting services. The decision to start 
plasmapheresis to attenuate this patient’s inflammatory status and 
hemoptysis was initiated with a successful transient resolution of 

Figure 2: Presenting ECG upon Readmission.

Figure 3: CT Chest showing Inflammatory Infiltrates In Lieu of Pulmonary 
Embolism.

Figure 4: Catheterization Profile Showing Triple-Vessel Disease.

Figure 5: Influence of Inflammatory Sequelae on Atheroma formation. 
Adapted from Servier Medical Art by Servier, with licensure under a Creative 
Commons Attribution 3.0 Unported License.
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symptoms. Subsequently, the patient was started on corticosteroids 
to mitigate inflammatory hyperreactivity. It was determined that 
triple-vessel disease precluded the patient from receiving minimally 
invasive interventional approaches to restore myocardial perfusion by 
interventional cardiology, and the decision to consult cardiothoracic 
surgery for a Coronary Artery Bypass Graft (CABG) was made. It 
was assessed that the patient was currently a high-bleed risk given 
recent hemoptysis, prolonged inflammatory history inflicting 
friable vasculature, and a recent corticosteroid regimen mitigating 
adequate wound healing. Medical management of heart disease 
with guideline-directed medical therapy and an eight-month course 
of cyclophosphamide and prednisone (which was tapered leading 
up to the procedure) allowed the patient to have a more tractable 
risk profile prior to surgical intervention. Subsequent CABG was 
successful with echocardiogram (ejection fraction ~55%) revealing 
a lack of valvular disease and adequate biventricular function. After 
rehabilitation, the patient subsequently noted marked improvement 
of angina, resolution of pillow orthopnea, and lack of dyspnea upon 
exertion relative to baseline standards with satisfaction in quality of 
life per the patient.

Discussion
Background

The etiology of GPA has not been well elucidated and extensive 
studies have failed to show a connection between this type of vasculitis 
and specific genetic associations, namely Human Leukocyte Antigen 
(HLA) profiles [18]. The yearly hospitalization rates for complicated 
episodes of granulomatosis with polyangiitis range from roughly 
5.1 to 6.3 per 1 million persons in the United States [19]. The most 
well studied environmental insult implicated in presumed GPA 
exacerbations in susceptible patients has been silica [20]. The degree 
of silica exposure that this patient may have been exposed to given his 
profession as a skilled laborer in the automotive industry is a possible 
factor in assessing his epidemiological risk profile, but quantifying 
its influence and indexing such exposure to already scant evidence 
makes for a pursuit of indeterminate viability. Presenting symptoms 
during an acute flair may be very generalized, such as malaise, fatigue, 
fever, and the weight loss observed such as in this vignette [20-22]. 
Joint pain in the setting of an acute flair is more commonly observed. 
Moreover, the reports of multivessel coronary disease in the setting of 
GPA is scant in the literature. A few case reports in the literature tie 
coronary artery disease in the setting of GPA in patients, but not with 
multivessel disease warranting CABG [23,24].

Baseline risk factors in CAD
Atherosclerosis is believed to be attributed as an underlying factor 

in roughly 50% of deaths in the Western world [25]. Given the high 
morbidity of disease, a commentary on independent underlying risk 
factors for cardiovascular disease in this patient should be introduced 
before a presentation of a unifying model encompassing inflammation 
as the etiology for a Major Adverse Cardiovascular Event (MACE) in 
the setting of GPA. Significant risk factors (although not an exhaustive 
list) of atherosclerosis include central adiposity (due to its propensity 
to promote deleterious metabolic pathways such as dysregulation 
of lipid metabolism), smoking which promotes microvascular 
dysfunction, and Type 2 Diabetes Mellitus (T2DM) in its propensity 
to promote global inflammation via reactive oxygen species 

formation [26-30]. This patient had a BMI of 28.7, categorizing him 
as overweight. Although it is well established that adiposity promotes 
atherosclerosis, there are no studies to date that explicitly delineate 
the differential risk stratification assessments of plaque burden by 
using only BMI to quantify the specific risk in this patient. A more 
accurate assessment of the morbidity associated with excess weight 
is giving way to scrutiny of adiposity distribution, namely through 
imaging modalities such as DEXA scan studies or measurement of 
anthropometric variables such as waist circumference or hip-to-waist 
ratios [31-34]. Specifically, a study by Park et al. was able to elucidate 
that the distribution of abdominal and thoracic fat tissue was one 
of the most puissant determinants of atherosclerotic risk [35]. The 
patient in this vignette also was moderately diabetic upon admission 
(HgbA1C, 7.8%). Relative to the population of patients without 
vasculitis, a status of GPA confers a higher likelihood of T2DM as 
a comorbidity [36]. Whether this association is related to possible 
genetic linkage, vasculitis mediated damage to nodes of glycemic 
control (i.e. renal), or an independent association marked by lifestyle 
changes such as dietary indiscretion is unknown. T2DM exacerbates 
vasculopathy by aberrant hyperglycemic-induced mitochondrial 
metabolism, which induces inflammatory cascades affecting virtually 
every domain of atherogenesis through Reactive Oxygen Species 
(ROS) [37].

Connecting GPA and CAD
Cardiovascular disease in patients with GPA falls on a relatively 

wide spectrum. Previous reports in the literature note findings 
ranging from coronary arteritis to infiltrative heart disease [38,39]. 
Elucidation into the translational biology that connects the 
association between GPA and CAD have not been well mapped. GPA 
is marked by the presence of ANCAs that target serum proteinase 3, 
which has been studied to promote neutrophilic degranulation. The 
differential affinity for these antibodies to cause degranulation in local 
environments which thereby result in the aforementioned clinical 
manifestations specific to each vasculitis as marked by the spectra 
of vasculitides is unknown, but it may be due to specific protein 
expressions along small-, medium- and large-sized vessels depending 
on the phenotypic architecture of these vessels that attract leukocytes 
to them [40]. In addition to damaging the endothelium of these vessels 
as previously mentioned, these processes also promote the uptake of 
oxidized low-density lipoprotein (LDL, oxLDL) by macrophages en 
route to foam cell formation, fatty streaks of atheromas, and finally, 
atherosclerosis. This pathway of inflammatory mediated damage with 
the aforementioned maladaptive cholesterol “plug” is illustrated in 
Figure 5. 

Inflammation & GPA-tying the Knot
The specific triggers for the induction of granulomatous 

inflammation and autoimmunity in GPA remain mostly unclear [41-
44]. However, the behavior of PR3 in patients with GPA may provide 
insight into the pathophysiology of this patient and pointing towards a 
working model of multivessel CAD. PR3-ANCA is present in roughly 
50% of patients with localized GPA (that is, involving a solitary 
distribution of tissue, most commonly of ENT or renal distribution) 
while its presence can be appreciated in over 90% of cases that present 
with systemic GPA [45,46]. The levels of PR3-ANCA at remission 
are a puissant indicator of future relapse or prospective morbidity 
in patients with GPA, highlighting the focus of these antibodies and 
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their role in PR3 signaling [47,48]. It has been demonstrated that PR3 
is expressed constitutively on neutrophils via immunofluorescent 
studies of 89 patients with GPA [49]. In addition, there is evidence 
to support pathways showing PR3-ANCA promotes activation and 
degranulation in neutrophils primed with complement factors such 
as C5a in addition to cytokines (IL-1 and TNF-α) mediated by this 
membrane-bound PR3 [50-52].

Studies using in-situ hybridization to locate the presence of IL-1 
mRNA within coronary vessel walls have shown that this family of 
interleukins is upregulated both in patients with atherosclerotic 
disease as well as increased disease burden of CAD [53]. Additionally, 
IL-1 exhibits activity within the architecture of atheromas in human. 
Namely, it may induce procoagulant pathways important for pro-
thrombotic sequelae of plaque disruption, an increase in adhesion 
molecules that bring leukocytes central to plaque architecture, and the 
production of monocyte chemoattractant protein 1 (MCP-1) [54-56]. 
MCP-1 is especially important for the promotion of monocyte flux 
that promotes oxLDL consumption and the initiation of the foam cell 
in atherogenesis, and its antagonism or receptor targeting has been of 
recent interest in the mitigation of atherosclerotic disease progression 
[57,58]. Early studies using immunohistochemical staining have 
shown MCP-1 mRNA to be ubiquitous within the macrophages of 
atherosclerotic plaques in humans [59].

The other inflammatory cytokine discussed regarding the 
contents of granulated neutrophils is TNF-α. At more advanced 
stages of atherosclerosis, TNF-α has been shown to promote plaque 
disruption via apoptosis, and may be one of the players implicated 
in the pathogenesis of MACE in patients with CAD. Namely, the 
notion of apoptotic macrophages contributes to an enlarging of the 
lipid core, and the death of smooth muscle cells may promote the 
architecture of the fibrous cap within a plaque [60-62]. These events 
ultimately favor plaque rupture. Moreover, TNF-α may also promote 
the initial step of atherogenesis, microvascular disruption via 
endothelial cell insult. Increased levels of TNF-α promote increased 
expression and activity or arginase, an enzyme that acts competitively 
against endothelial Nitric Oxide Synthase (eNOS), and subsequently 
decreasing the levels of Nitric Oxide (NO) within the endothelial cells 
by promoting aberrant endothelial cell function [63,64]. Moreover, 
a deficiency of eNOS attributable to pathologic TNF-α expression 
has the propensity to compromises endothelial innervation, resulting 
in loss of autonomic regulation and subsequently leading to a net 
contractile state amenable to hypertensive shear forces and further 
microvascular damage and cholesterol deposition [65].

A study by Krajewska et al. examined the serum levels of IL-32 
and IL-6 in patients with GPA, showing that concentrations of IL-32 
were positively correlated with PR3-ANCA levels in GPA (P <0.0001) 
[66]. Increased IL-32 levels have been associated with macrophage 
lipid metabolism as well as metalloproteinase expression, the latter of 
which is implicated in plaque instability [67]. It has also been shown to 
be present in excess within the plaques of patients with CAD relative 
to healthy controls [68]. Moreover, IL-32 is associated with increased 
levels of the pro-atherosclerotic cytokine TNF-α, which subsequently 
promotes increased IL-32 in an “inflammatory loop” [69]. This gives 
credence to the notion that IL-32, and by proxy, the status of GPA 
diagnosis does not just promote atherosclerotic plaque development 
but also sequelae related to MACE such as rupture and embolization 

through downstream molecular modulation.

However, the maintenance of plaque via inflammatory pathways 
are not the only culpable variables when elucidating the map from 
ANCA to atherosclerosis. Impaired immunomodulatory functions, 
namely via regulatory T-cells (Treg) offer a perspective into this 
perspective of GPA-mediated CAD. It has been demonstrated that 
Treg function is attenuated towards PR3-induced proliferation of 
T-cells, thus prompting inflammation [70-73]. This differential 
function is appreciated as an expanded Th17 population in patients 
with GPA [74,75]. An imbalance between Treg and Th17 expression 
and differential function has been widely studied as inducers of a CAD 
phenotype [76,77]. Although unclear, theories for this association 
and CAD are centered upon modulation of oxLDL metabolism, 
highlighting the propensity for ANCA vasculitides to not only 
promote the development of atherosclerotic plaques, but their initial 
development as well.

Pharmacotherapy and plaques- what’s the connection?
While a discussion regarding the pathology of GPA and 

its overlap with CAD helps place context with regards to the 
physiological events leading up to this presentation, a discussion 
on pharmacotherapy and its role is essential for further insight. 
Cyclophosphamide and prednisone are a commonly used treatment 
regimen for ANCA-Associated Vasculitis (AAV). The mechanism 
of action of cyclophosphamide can be appreciated through its 
metabolite, phosphoramide mustard, which crosslinks DNA 
strands and promotes apoptosis of immune cells. This leads to an 
attenuation of the immune response via inhibition of the propensity 
for T-cell mediated cellular signaling cascades that interact with 
PR3 and initiate PR3-ANCA pathways. Moreover, prednisone both 
decreased systemic inflammation but also suppresses the migration 
of polymorphonuclear leukocytes, which diminishes the proclivity 
for neutrophil degranulation along vessels, thus inhibiting the initial 
vascular insult that may initiate atherosclerosis. However, while it 
is suggested that cyclophosphamide offers benefit in these patient 
populations via attenuation of the inflammatory processes that 
promote plaque progression and disruption, there also is a potential 
avenue for these medications to slightly decrease atherosclerotic 
burden in animal models [78].

Conclusion
While the buildup of plaque in the setting of CAD is classically 

associated with hypertension, diabetes, and external vascular insults 
such as derivative from smokes, the influence of autoimmune disease 
of vasculature cannot be ignored. Namely, vasculitis leading to 
oxidized LDL deposition and subsequent complicated CAD. Workup 
for vasculitis through an audit of autoimmune biomarkers remains 
viable options for diagnosing patients with previous signs of vascular 
compromise and otherwise ambiguous symptoms seen in our 
patient. Early diagnosis with the establishment of protocols balancing 
cardiovascular symptoms in conjunction with autoimmune profile 
with medical management in these patients should be considerations, 
as salvaging myocardial perfusion as soon as possible is one of the 
most puissant predictors of long-term morbidity in heart disease.
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