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ABTRACT 

Background: Cardiovascular risk is increased in giant cell arteritis (GCA). We aimed to characterize 

myocardial infarction (MI) in a GCA cohort, and to compare the GCA and non-GCA population 

affected by MI. 

Methods: In patients with a biopsy-proven diagnosis of GCA between 1 January 2001 and 31 

December 2016 in Côte D’Or (France), we identified patients with MI by crossing data from the 

territorial myocardial infarction registry (Observatoire des Infarctus de Côte d’Or) database. Five 

controls (non-GCA + MI) were paired with one case (GCA + MI) after matching for age, sex, 

cardiovascular risk factors and prior cardiovascular disease. MI were characterized as type 1 MI 

(T1MI), resulting from thrombus formation due to atherothrombotic disease, or type 2 MI (T2MI), 

due to a myocardial supply/demand mismatch. GCA-related MI was defined as MI occurring within 3 

months of a GCA flare (before or after). 

Results:  Among 251 biopsy-proven GCA patients, 13 MI cases were identified and paired with 65 

controls. MI was GCA-related in 6/13 cases, accounting for 2.4% (6/251) of our cohort.  T2MI was 

more frequently GCA-related than GCA-unrelated (80% vs. 16.7%, p=0.080), and GCA diagnosis was 

the only identified triggering factor in 75% of GCA-related T2MI. GCA-unrelated MI were more 

frequently T1MI and occurred in patients who had received a higher cumulative dose of prednisone 

(p=0.032). GCA was not associated with poorer one-year survival. 

Conclusions: GCA-related MI are mainly T2MI probably caused by systemic inflammation rather than 

coronaritis. GCA-unrelated MI are predominantly T1MI associated with atherothrombotic coronary 

artery disease.  
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INTRODUCTION 

Giant cell arteritis (GCA) is the most frequent vasculitis in adults over 50 years. It is a granulomatous 

large-vessel vasculitis mainly involving the aorta and cranial arteries [1-3]. Clinical signs of GCA 

include nonspecific symptoms related to systemic inflammation such as asthenia and fever, and 

ischemic symptoms that are triggered by vascular remodelling of the affected arteries, leading to 

arterial stenosis [4] and ischemic complications such as headache, anterior ischemic optic 

neuropathy or stroke [5-7]. A temporal artery biopsy (TAB) showing granulomatous vasculitis with 

transmural infiltration by mononuclear cells is the gold standard for the diagnosis of GCA [8, 9]. The 

treatment of GCA relies on glucocorticoids (GC) which are very effective. However, relapses are 

frequent when the doses are tapered. This leads to GC-related side effects, which are the primary 

cause of morbidity in GCA patients [10] and sometimes requires to use GC-sparing drugs such as 

methotrexate or tocilizumab [11-14].  

Acute myocardial infarction (MI) is currently defined as the association of a rise and/or a fall in 

cardiac troponin (cTn) values with at least one value above the 99th percentile of the upper reference 

limit and clinical evidence of myocardial ischemia (chest pain or electrocardiography) [15]. Type 1 MI 

(T1MI), the classical MI type, is due to atherothrombotic coronary artery disease (CAD) and is related 

to an acute atherothrombotic coronary event as plaque rupture, ulceration, or erosion, resulting in 

intraluminal thrombosis or distal coronary embolization leading to cardiomyocyte necrosis. Type 2 

MI (T2MI) was described more recently and is caused by myocardial ischemia resulting from an 

imbalance between oxygen supply and demand in the myocardium, in the absence of an acute 

atherothrombotic coronary event, with or without underlying CAD [15]. Multiple heterogeneous 

situations may lead to a myocardial supply/demand mismatch [15-21], but no specific criteria have 

been established so far. The most common underlying mechanisms associated with T2MI are anemia, 

arrhythmia and sepsis [16, 18].  

In addition to the classical cranial phenotype of GCA, 29% to 83% of patients have extra-cranial large-

vessel involvement such as aneurysm, particularly in the thoracic aorta, occlusion or stenosis [22-28]. 

Along this line, the risk of cardiovascular events (stroke, peripheral artery disease or MI) is higher in 

the first months after GCA onset, highlighting the potential role of vasculitis in the occurrence of 

these events [29-31]. Almost 16% of GCA patients have a stroke in the year after GCA diagnosis [32]. 

In 2.8 to 7% of cases, the strokes are GCA-related, meaning that the stroke occurred between the 

onset of GCA symptoms and 4 weeks after the start of treatment [5, 6, 33]. We previously 

demonstrated that GCA-related strokes were mainly triggered by a vasculitis process involving 

vertebral arteries [6]. Regarding MI, some cohort studies have reported an increased risk of MI, with 
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an adjusted hazard ratio (HR) ranging from 1.57 to 2.06 [31, 34, 35] and a higher risk during the first 

year after GCA diagnosis [31, 34]. Some case reports describing granulomatous vasculitis in coronary 

arteries after post-mortem examination of patients with MI have been reported [36], but no data are 

currently available to describe the precise characteristics of MI in GCA patients.  

Taking advantage of the French regional myocardial infarction registry Observatoire des Infarctus de 

Côte d’Or (RICO) database, we designed this study to characterize MI in a GCA cohort and compare 

them to a non-GCA control population suffering from MI.  

 

METHODS 

In order to identify cases of MI associated with GCA in a geographically defined area (Côte d’Or, 

France, 533,819 inhabitants in 2017), this population-based study relied on crossing data from two 

different databases. 

Ascertainment of biopsy-proven GCA cases 

Cases of GCA were identified using a database collecting all patients who underwent a TAB between 

1 January 2001 and 31 December 2016 at the Dijon University Hospital, France, and at one private 

pathology center also located in Dijon, France. These two centers are responsible for the 

management of all TAB performed in patients living in Côte d’Or.  Each TAB was performed on the 

side where symptoms were predominant. When possible, the TAB was guided by Doppler 

sonography. When clinical symptoms suggested GCA but the first TAB was negative, a second TAB 

was possible but not mandatory. Biopsies were also considered for patients with isolated 

polymyalgia rheumatica (PMR), even without specific manifestations of GCA, especially if general 

symptoms were severe and/or erythrocyte sedimentation rate (ESR) >50 mm/h.  The two pathology 

departments used a similar protocol for microscopic examination of TAB: the artery was divided into 

several 2 mm segments, embedded in paraffin, and transverse slices 3–5 mm thick were stained with 

hematoxylin and eosin. TAB were then analyzed by expert pathologists (LM and TP). A positive TAB 

was defined as a biopsy showing mononuclear cell infiltration of the 3 layers of the artery wall 

(adventitia, media, intima), with or without the presence of granulomas and/or multinucleated giant 

cells [37]. A diagnosis of GCA was retained if patients fulfilled ≥3/5 American College of 

Rheumatology (ACR) criteria together with a positive TAB [2].   
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Ascertainment of MI cases 

Cases of MI were identified using the RICO database. As previously described [38], RICO is a 

population-based survey that, since 1st January 2001, has prospectively collected data from all 

consecutive patients hospitalized for MI in the cardiology intensive care units of all public or privately 

funded hospitals receiving MI emergencies in Côte d’Or, a region in eastern France. Cases were 

ascertained by the prospective collection of consecutive admissions. MI was identified by an increase 

in serum troponin I (greater than the upper limit of normal for each hospital) and clinical symptoms 

of ischemia and/or characteristic electrocardiographic signs, according to current definition [15].  

In order to identify cases of MI among our TAB-positive GCA population, we searched the RICO 

database for MI cases identified among patients diagnosed with GCA between 1 January 2001 and 31 

December 2016.  

Control population 

Controls (MI patients without GCA) were extracted from the RICO database and paired with GCA 

cases (5:1 ratio) after matching for age, sex, cardiovascular risk factors (hypertension, diabetes, 

hyperlipidemia, smoking, and coronary disease heredity), and prior cardiovascular disease (stroke, 

carotid surgery, and peripheral artery disease).  

Data collection and definitions 

The clinical, biological and therapeutic data of patients with GCA were retrospectively obtained from 

the patient medical files.  

For patients with MI, demographic data, cardiovascular risk factors and history of cardiovascular 

disease (prior MI, stroke, carotid surgery and peripheral artery disease) were collected prospectively, 

along with electrocardiogram (ECG) features on admission, and clinical and biological data. ST-

segment elevation MI (STEMI) was diagnosed when new ST segment elevation ≥ 1 mm was seen in 

any location or when new left bundle branch block was found on the qualifying ECG. Blood samples 

were drawn at admission. Peak cardiac troponin I (cTnI) was also measured during the hospital stay. 

Left ventricular ejection fraction (LVEF) was measured <48h after admission by echocardiography. 

The GRACE score, which assesses the risk of in-hospital mortality, was calculated at admission [39, 

40]. Data on coronary angiography, reperfusion procedures and medical treatment were also 

collected. For patients included in 2012 or later, the SYNTAX score was calculated for each coronary 

angiography.  
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CAD was defined as obstructive if coronary angiography showed at least one stenosis ≥ 50%, 

nonobstructive if there was at least one stenosis ≥ 20% but ≤ 50%, and patients were considered to 

have no CAD if coronary angiography showed no stenosis [41]. When stenoses (≥ 20%) were 

observed in several coronary arteries, CAD was defined as extensive. Type 1 or type 2 MI were 

retrospectively reviewed according to the fourth universal definition (2018) [15] and adjudicated by 

three experts (HG, AP and YC). Type 2 MI was diagnosed if coronary angiography showed no 

evidence of plaque rupture and at least one of the conditions considered to trigger an imbalance 

between demand and supply of oxygen in the myocardium at the onset of MI, as defined previously 

(sup Table 1) [15-21]. GCA was retained as a clinical condition triggering type 2 MI if it occurred at 

the time of a GCA flare. A GCA flare was defined as the occurrence of at least one clinical symptom of 

GCA with or without C-reactive protein (CRP) elevation, or a persistent increase CRP greater than 10 

mg/L for at least 2 consecutive weeks, without any cause other than GCA and requiring an increase in 

GC dosage and/or immunosuppressant addition or change.  

The diagnosis of GCA-related MI was retained when MI occurred within 3 months before or after a 

GCA flare.  

Statistical analyses 

Continuous variables, expressed as medians (interquartile range), were compared with 

Mann-Whitney tests. Qualitative variables, expressed as numbers (%), were compared with χ2 or 

Fisher's exact tests, as appropriate. The Kaplan-Meier method was used to estimate survival. Factors 

associated with survival were analyzed using log-rank tests. Then, a multivariate Cox regression 

model with backward selection (exit threshold: p < 0.2) was used to identify variables independently 

associated with death. Candidate variables were all non-redundant variables with p ≤ 0.2 in the 

univariate analysis. Thresholds for continuous variables were set using medians, 25th or 75th 

percentiles. Statistical significance was set at p < 0.05 (two-tailed). IBM® SPSS® Statistics 22.0 

software was used for statistical analyses. 

Ethics 

The RICO Survey complies with the Declaration of Helsinki and was approved by the ethics 

committee of the University Hospital of Dijon. Each patient gave written consent before 

participation.  
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RESULTS 

Studied population 

Between 1 January 2001 and 31 December 2016, a biopsy-proven diagnosis of GCA was made in 251 

consecutive patients in Côte d’Or, France. Sixteen of these patients were identified as having MI in 

the RICO database, and 3 of the 16 were excluded from the analysis because MI occurred more than 

3 months before the diagnosis of GCA. Finally, 13 patients were included in the study and paired with 

65 non-GCA controls (Figure 1).  

Characteristics of MI in GCA patients 

Table 1 shows MI and GCA characteristics of the 13 cases (GCA + MI). MI was considered to be 

related to a GCA flare in 6 patients (46%, patients no. 1-6) with a median time of 25 days between 

GCA diagnosis and occurrence of MI (range 0.1 to 127 months). The frequency of GCA-related MI in 

our cohort was 2.4% (6/251). GCA-related MI occurred more frequently at the time of GCA diagnosis 

(4/6, 67%) than at the time of a relapse (2/6, 33%). The majority of GCA-related MI were type 2 MI 

(4/5, 80%), and the vasculitis flare was the only identified triggering factor in 3/4 patients of GCA-

related type 2 MI (75%). In addition, patient n°1 had healthy coronary arteries at coronary 

angiography and his left ventricular ejection fraction (LVEF) improved from 35% to 55% after 4 

months of GC therapy. Patient n°4 had an obstruction of the left anterior descending coronary artery 

due to a thrombosed aneurysm without atherosclerotic lesion on coronary arteries, thus suggesting 

an underlying vasculitis process. This patient had also an inflammatory parietal thickening of the wall 

of subclavian and axillary arteries together with an aortitis revealed by PET-CT (sup Figure 1). Since 

there was no evidence of atheromatous plaque rupture, the diagnosis of type 2 MI related to a GCA 

flare was retained.  

Comparison between GCA-related and GCA-unrelated MI  

Comparisons between GCA-related MI and GCA-unrelated MI are summarized in Table 2. Patients 

with GCA-related MI were younger (79 vs. 86 years, p = 0.005). Although the frequency of 

cardiovascular risk factors was not different between groups, none of the patients with GCA-related 

MI had a prior cardiovascular event, whereas 57.1% of patients with a GCA-unrelated MI had at least 

one prior cardiovascular event (p = 0.070). So, while none of the GCA-related MI patients were 

treated with antiplatelet therapy at the time of MI diagnosis, 57% of the other group was (p = 0.070). 

The cTnI level was higher in GCA-related MI than GCA-unrelated MI (29.6 vs. 8.6 µg/L, p = 0.035). 

Type 2 MI tended to be more frequent in GCA-related MI (80 vs. 16.7%, p = 0.080). Coronary artery 
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disease was always extensive in patients with GCA-unrelated MI whereas it concerned only 33.3% of 

patients with GCA-related MI (p = 0.034).  

Regarding the characteristics relative to GCA, the only difference between groups was the 

significantly higher cumulative doses of prednisone at 3, 6, and 12 months in patients whose MI was 

unrelated to GCA (Table 2). 

Comparison of MI characteristics between GCA patients and controls 

Table 3 depicts the comparison of MI between cases (GCA patients) and matched controls.  Biological 

parameters related to systemic inflammation were more pronounced in the GCA group: lower 

hemoglobin (11.0 vs. 14.3 g/dL, p = 0.006) and higher CRP (36.9 vs. 5.0 mg/L, p = 0.006). The left main 

coronary artery was more often responsible for MI in GCA patients (16.7%) than controls (0%) 

(p = 0.028). Other MI characteristics, including left ventricular function, GRACE score, SYNTAX score 

and MI treatment, did not differ between groups.  

Outcomes 

One-year survival after MI tended to be poorer in cases than controls (67 vs. 84%, p = 0.157) (Figure 

2A). Subsequent analyses showed that one-year survival was dramatically lower in patients with 

GCA-unrelated MI than in matched controls among non-GCA patients (50 vs. 91%; p = 0.004), which 

was not the case for GCA-related MI patients and matched controls among non-GCA patients (83 vs. 

74%; p = 0.729) (Figures 2B and 2C). Regardless of the multivariate model used, a GRACE score >173 

was the only factor associated with poorer survival one year after the occurrence of MI. Age, GCA 

diagnosis, and the relation between MI and GCA had no effect (Table 4). 

DISCUSSION 

Using the RICO database, our study provides an original description of the characteristics of MI 

occurring in GCA patients, which was not provided in the previous studies reporting an increased risk 

of MI in GCA [29, 31, 34, 35]. Furthermore, by matching cases and controls on major cardiovascular 

risk factors and history of cardiovascular disease, we were able to specifically investigate the 

prognostic value of GCA in MI. Our results confirm that GCA-related MI is a rare event. It occurred in 

only 2.4% of our GCA cohort, which is 2-3 times lower than GCA-related stroke (7%), as reported in a 

previous study with the same design and in the same geographical area [6].  

When we compared the characteristics of MI in GCA patients and a matched control population, the 

left main coronary artery was more frequently involved as a culprit artery in GCA patients than in 

controls. By way of comparison, in the whole RICO population over 50 years included during the 
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same period, only 2.1% of the patients (338/15,768) presented a MI related to left main coronary 

artery. This artery arises directly from the aorta, so that we hypothesize it could be preferentially 

affected in GCA because of its contiguity with vasculitis of the ascending thoracic aorta. Indeed, one 

of our patients had left main MI and a dilated ascending aorta (45 mm) with aortic insufficiency, 

which are usual complications of aortitis.  

Contrary to strokes, which are generally related to vasculitis involving the vertebral arteries, 

vasculitis involving the coronary arteries does not seem to be the main reason behind the occurrence 

of MI in GCA [6]. Specifically, only one patient had morphological abnormalities in the coronary 

arteries suggestive of coronary vasculitis. Our results indicate that GCA-related MI are mainly type 2 

MI, usually triggered by a GCA flare and preferentially occurring at the time of GCA diagnosis, when 

systemic inflammatory response is the strongest.47 Systemic inflammation, which is a hallmark of GCA 

flares, probably triggers type 2 MI in GCA through a mechanism similar to what has been described in 

sepsis, i.e. increasing myocardial oxygen demand because of high heart rate and reducing perfusion 

pressure due to vasodilation, resulting in decreased preload [16, 18, 19, 42, 43].  

MI that were unrelated to GCA occurred several years after the diagnosis of GCA, usually while the 

disease was in remission. GCA-unrelated MI was also found in older patients who tended to have 

extensive CAD and at least 1 prior cardiovascular event. Consistently, these MI were more frequently 

type 1 MI. It is worth noting that these patients had received a higher cumulative dose of prednisone 

than the patients who had GCA-related MI. This result underlines that GC probably contributes to the 

development of atherosclerosis and the occurrence of cardiovascular events [44-46]. In addition, 

GCA-unrelated MI was associated with a poorer prognosis, which was not related to GCA but rather 

to the severity of MI, as reported by the GRACE score. 

Our study has some limitations. First, the small number of GCA + MI patients identified in this work, 

mainly because MI is a very rare event in the course of GCA. Second, RICO only identifies MI in 

patients hospitalized in cardiac intensive care units. Therefore, the rate of GCA-related MI may have 

been underestimated in our study. It is indeed possible that some fragile patients might have not 

been hospitalized in cardiology units while they had a MI [19]. The number of patients with GCA 

could also have been underestimated. Even if all TAB performed in patients living in Côte d’Or were 

retrieved, it cannot be excluded that some GCA patients refused the biopsy or that TAB was not 

performed because GCA diagnosis was confirmed otherwise. Indeed, GCA can be diagnosed even if 

TAB is negative since the sensitivity of TAB ranges from ∼60% to 80% [2, 47] and because some GCA 

patients have an extra-cephalic phenotype without cervical artery involvement but evidence of 

vasculitis in large-vessel vasculitis such as the aorta, subclavian and/or carotid arteries [48]. Along 
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this line, Muratore and al. demonstrated that in this population, accounting for 36% of GCA patients 

of their cohort, TAB was positive in only 52% of cases [48]. Even if we assume that our study design 

may have underestimated the number of GCA patients and thus cases of MI, restricting our analysis 

to biopsy-proven GCA allowed us to analyze a population of GCA patients with a homogenous 

phenotype and a definite diagnosis.  

 

CONCLUSION 

We provide here, for the first time, an in-depth insight of MI characteristics occurring in biopsy-

proven GCA patients. Even if the present study is limited by its retrospective design and the limited 

number of cases, it demonstrates that GCA-related MI is a rare event with specific characteristics and 

also suggest that these cases of MI are mainly type 2 MI whose mechanism is not clear but that seem 

to be triggered by systemic inflammation rather than vasculitis involving the coronary arteries. 

Altogether, our results suggest that GCA could be considered as a cause of type 2 MI. By contrast, in 

patients whose GCA is under control, GC therapy is associated with preponderance of type 1 MI, 

further supporting the hypothesis of a pro-atheromatous effect of GC. 

 

 

 

 

 

 

 

 

 

 

 



11 

 

REFERENCES 

[1] Salvarani C, Cantini F, Boiardi L, Hunder GG. Polymyalgia rheumatica and giant-cell arteritis. N Engl 

J Med. 2002;347:261–71. 

[2] Hunder GG, Bloch DA, Michel BA, Stevens MB, Arend WP, Calabrese LH, et al. The American 

College of Rheumatology 1990 criteria for the classification of giant cell arteritis. Arthritis and 

rheumatism. 1990;33:1122-8. 

[3] Richier Q, Deltombe T, Foucher A, Roussin C, Raffray L. Giant cell arteritis incidence in La Reunion 

island, a particularly cosmopolite region of south hemisphere. European journal of internal medicine. 

2020;74:119-20. 

[4] Weyand CM, Goronzy JJ. Medium- and large-vessel vasculitis. N Engl J Med. 2003;349:160-9. 

[5] de Boysson H, Liozon E, Larivière D, Samson M, Parienti J, Boutemy J, et al. Giant Cell Arteritis-

related Stroke: A Retrospective Multicenter Case-control Study. J Rheumatol. 2017;44:297-303. 

[6] Samson M, Jacquin A, Audia S, Daubail B, Devilliers H, Petrella T, et al. Stroke associated with 

giant cell arteritis: a population-based study. Journal of neurology, neurosurgery, and psychiatry. 

2015;86:216-21. 

[7] Caudrelier L, Moulis G, Lapeyre-Mestre M, Sailler L, Pugnet G. Validation of giant cell arteritis 

diagnosis code in the French hospital electronic database. European journal of internal medicine. 

2019;60:e16-e7. 

[8] Weyand CM, Goronzy JJ. Immune mechanisms in medium and large-vessel vasculitis. Nature 

reviews Rheumatology. 2013;9:731-40. 

[9] Watanabe R, Zhang H, Berry G, Goronzy JJ, Weyand CM. Immune checkpoint dysfunction in large 

and medium vessel vasculitis. Am J Physiol Heart Circ Physiol. 2017;312:H1052-H9. 

[10] Proven A, Gabriel SE, Orces C, O'Fallon WM, Hunder GG. Glucocorticoid therapy in giant cell 

arteritis: duration and adverse outcomes. Arthritis and rheumatism. 2003;49:703-8. 

[11] Samson M, Devilliers H, Ly KH, Maurier F, Bienvenu B, Terrier B, et al. Tocilizumab as an add-on 

therapy to glucocorticoids during the first 3months of treatment of Giant cell arteritis: A prospective 

study. European journal of internal medicine. 2018. 

[12] Samson M, Espígol-Frigolé G, Terrades-García N, Prieto-González S, Corbera-Bellalta M, Alba-

Rovira R, et al. Biological treatments in giant cell arteritis & Takayasu arteritis. European journal of 

internal medicine. 2018;50:12-9. 

[13] Mahr AD, Jover JA, Spiera RF, Hernandez-Garcia C, Fernandez-Gutierrez B, Lavalley MP, et al. 

Adjunctive methotrexate for treatment of giant cell arteritis: an individual patient data meta-

analysis. Arthritis and rheumatism. 2007;56:2789-97. 

[14] Stone JH, Tuckwell K, Dimonaco S, Klearman M, Aringer M, Blockmans D, et al. Trial of 

Tocilizumab in Giant-Cell Arteritis. N Engl J Med. 2017;377:317-28. 

[15] Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. Fourth Universal 

Definition of Myocardial Infarction (2018). Circulation. 2018;138:e618-e51. 



12 

 

[16] Saaby L, Poulsen TS, Hosbond S, Larsen TB, Pyndt Diederichsen AC, Hallas J, et al. Classification of 

myocardial infarction: frequency and features of type 2 myocardial infarction. Am J Med. 

2013;126:789-97. 

[17] Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD, et al. Third universal 

definition of myocardial infarction. Circulation. 2012;126:2020-35. 

[18] Landes U, Bental T, Orvin K, Vaknin-Assa H, Rechavia E, Iakobishvili Z, et al. Type 2 myocardial 

infarction: A descriptive analysis and comparison with type 1 myocardial infarction. J Cardiol. 

2016;67:51-6. 

[19] Putot A, Jeanmichel M, Chague F, Manckoundia P, Cottin Y, Zeller M. Type 2 Myocardial 

Infarction: A Geriatric Population-based Model of Pathogenesis. Aging Dis. 2020;11:108-17. 

[20] Landesberg G, Beattie WS, Mosseri M, Jaffe AS, Alpert JS. Perioperative myocardial infarction. 

Circulation. 2009;119:2936-44. 

[21] Gupta S, Vaidya SR, Arora S, Bahekar A, Devarapally SR. Type 2 versus type 1 myocardial 

infarction: a comparison of clinical characteristics and outcomes with a meta-analysis of 

observational studies. Cardiovasc Diagn Ther. 2017;7:348-58. 

[22] Kermani TA, Warrington KJ. Prognosis and monitoring of giant cell arteritis and associated 

complications. Expert Rev Clin Immunol. 2018;14:379-88. 

[23] Robson JC, Kiran A, Maskell J, Hutchings A, Arden N, Dasgupta B, et al. The relative risk of aortic 

aneurysm in patients with giant cell arteritis compared with the general population of the UK. Ann 

Rheum Dis. 2015;74:129-35. 

[24] Schönau V, Vogel K, Englbrecht M, Wacker J, Schmidt D, Manger B, et al. The value of 18F-FDG-

PET/CT in identifying the cause of fever of unknown origin (FUO) and inflammation of unknown 

origin (IUO): data from a prospective study. Ann Rheum Dis. 2018;77(1):70-7. 

[25] Prieto-Gonzalez S, Depetris M, Garcia-Martinez A, Espigol-Frigole G, Tavera-Bahillo I, Corbera-

Bellata M, et al. Positron emission tomography assessment of large vessel inflammation in patients 

with newly diagnosed, biopsy-proven giant cell arteritis: a prospective, case-control study. Annals of 

the rheumatic diseases. 2014;73:1388-92. 

[26] Kermani TA, Warrington KJ, Crowson CS, Ytterberg SR, Hunder GG, Gabriel SE, et al. Large-vessel 

involvement in giant cell arteritis: a population-based cohort study of the incidence-trends and 

prognosis. Ann Rheum Dis. 2013;72:1989-94. 

[27] Blockmans D, de Ceuninck L, Vanderschueren S, Knockaert D, Mortelmans L, Bobbaers H. 

Repetitive 18F-fluorodeoxyglucose positron emission tomography in giant cell arteritis: a prospective 

study of 35 patients. Arthritis and rheumatism. 2006;55:131-7. 

[28] Ghinoi A, Pipitone N, Nicolini A, Boiardi L, Silingardi M, Germano G, et al. Large-vessel 

involvement in recent-onset giant cell arteritis: a case-control colour-Doppler sonography study. 

Rheumatology (Oxford). 2012;51:730-4. 

[29] Le Page L, Duhaut P, Seydoux D, Bosshard S, Ecochard R, Abbas F, et al. Incidence of 

cardiovascular events in giant cell arteritis: preliminary results of a prospective double cohort study 

(GRACG). Rev Med Interne. 2006;27:98-105. 



13 

 

[30] Ray JG, Mamdani MM, Geerts WH. Giant cell arteritis and cardiovascular disease in older adults. 

Heart. 2005;91:324-8. 

[31] Tomasson G, Peloquin C, Mohammad A, Love TJ, Zhang Y, Choi HK, et al. Risk for cardiovascular 

disease early and late after a diagnosis of giant-cell arteritis: a cohort study. Ann Intern Med. 

2014;160:73-80. 

[32] Pariente A, Guedon A, Alamowitch S, Thietart S, Carrat F, Delorme S, et al. Ischemic stroke in 

giant-cell arteritis: French retrospective study. J Autoimmun. 2019;99:48-51. 

[33] Gonzalez-Gay MA, Vazquez-Rodriguez TR, Gomez-Acebo I, Pego-Reigosa R, Lopez-Diaz MJ, 

Vazquez-Trinanes MC, et al. Strokes at time of disease diagnosis in a series of 287 patients with 

biopsy-proven giant cell arteritis. Medicine (Baltimore). 2009;88:227-35. 

[34] Amiri N, De Vera M, Choi HK, Sayre EC, Avina-Zubieta JA. Increased risk of cardiovascular disease 

in giant cell arteritis: a general population-based study. Rheumatology (Oxford). 2016;55:33-40. 

[35] Li L, Neogi T, Jick S. Giant cell arteritis and vascular disease-risk factors and outcomes: a cohort 

study using UK Clinical Practice Research Datalink. Rheumatology (Oxford). 2017;56:753-62. 

[36] Lin L, Wang S, Shun C. Myocardial infarction due to giant cell arteritis: a case report and 

literature review. Kaohsiung J Med Sci. 2007;23:195-8. 

[37] Salvarani C, Cantini F, Hunder GG. Polymyalgia rheumatica and giant-cell arteritis. Lancet. 

2008;372:234-45. 

[38] Zeller M, Steg PG, Ravisy J, Lorgis L, Laurent Y, Sicard P, et al. Relation between body mass index, 

waist circumference, and death after acute myocardial infarction. Circulation. 2008;118:482-90. 

[39] Granger CB, Goldberg RJ, Dabbous O, Pieper KS, Eagle KA, Cannon CP, et al. Predictors of 

hospital mortality in the global registry of acute coronary events. Arch Intern Med. 2003;163:2345-

53. 

[40] Cerqueira Junior A, Pereira L, Souza TMB, Correia VCA, Alexandre FKB, Sodre GS, et al. Prognostic 

Accuracy of the GRACE Score in Octogenarians and Nonagenarians with Acute Coronary Syndromes. 

Arq Bras Cardiol. 2018;110:24-9. 

[41] Pepine CJ, Ferdinand KC, Shaw LJ, Light-McGroary KA, Shah RU, Gulati M, et al. Emergence of 

Nonobstructive Coronary Artery Disease: A Woman's Problem and Need for Change in Definition on 

Angiography. J Am Coll Cardiol. 2015;66:1918-33. 

[42] Ammann P, Fehr T, Minder EI, Gunter C, Bertel O. Elevation of troponin I in sepsis and septic 

shock. Intensive Care Med. 2001;27:965-9. 

[43] Putot A, Jeanmichel M, Chague F, Avondo A, Ray P, Manckoundia P, et al. Type 1 or Type 2 

Myocardial Infarction in Patients with a History of Coronary Artery Disease: Data from the Emergency 

Department. J Clin Med. 2019;8. 

[44] Avina-Zubieta JA, Abrahamowicz M, De Vera MA, Choi HK, Sayre EC, Rahman MM, et al. 

Immediate and past cumulative effects of oral glucocorticoids on the risk of acute myocardial 

infarction in rheumatoid arthritis: a population-based study. Rheumatology (Oxford). 2013;52:68-75. 



14 

 

[45] Wilson JC, Sarsour K, Collinson N, Tuckwell K, Musselman D, Klearman M, et al. Serious adverse 

effects associated with glucocorticoid therapy in patients with giant cell arteritis (GCA): A nested 

case-control analysis. Seminars in arthritis and rheumatism. 2017;46:819-27. 

[46] Wei L, MacDonald T, Walker B. Taking Glucocorticoids by Prescription Is Associated with 

Subsequent Cardiovascular Disease. Ann Intern Med. 2004;141:764-70. 

[47] Borchers AT, Gershwin ME. Giant cell arteritis: A review of classification, pathophysiology, 

geoepidemiology and treatment. Autoimmunity reviews. 2012;11:A544-54. 

[48] Muratore F, Kermani TA, Crowson CS, Green AB, Salvarani C, Matteson EL, et al. Large-vessel 

giant cell arteritis: a cohort study. Rheumatology (Oxford). 2015;54:463-70. 

 

 

 

 

 

 

 



15 

 

LEGENDS OF THE FIGURES 

Figure 1: Flow Chart of the study 

Figure 2 A, B, C: Overall survival, calculated from the date of MI diagnosis. A: comparison of overall 

survival between non-GCA patients and cases (MI + GCA) patients; B:  comparison of overall survival 

between non-GCA patients and GCA-related MI patients; C: comparison of overall survival between 

non-GCA patients and GCA-unrelated MI. P is the result of log-rank tests 

 

DISCLOSURES 

Maxime SAMSON: Roche-Chugaï (invitation to congress, personnel fees for symposium and boards), 

Abbvie (consulting).   

Bernard BONNOTTE: Roche-Chugaï (personnel fees for symposium and boards) 

ROLE OF THE FUNDING SOURCES 

This work was supported by the University Hospital of Dijon, the Association de Cardiologie de 

Bourgogne, and by grants from the Agence Régionale de Santé (ARS) de Bourgogne Franche-Comté, 

and from the Regional Council of Bourgogne Franche-Comté.  

 

CONTRIBUTORSHIP STATEMENT 

HG and MS were the principal investigators and take primary responsibility for the paper. HG, AP, 

GM, AR, SA, BB, YC and MS recruited the patients. HG, MZ, AP, BT, MM, NF, GM, LA, CCG, AR, LM, 

GT, TP, BB, YC and MS collected data. HG, MZ, AP, ES, BT, YC, BB and MS contributed to data 

interpretation. HG and MS did statistical analyses. HG, BB, YC and MS drafted the manuscript.  

 

ACKNOWLEDGMENTS 

We thank Suzanne Rankin for her help in reviewing the manuscript. 

 







Greigert H et al. Myocardial infarction during giant cell arteritis: a cohort study 

Table 1: MI characteristics of the 13 cases        

  

Age at 

GCA 

diagnosis 

Sex 
GCA characteristics at 

diagnosis  

Vascular 

complication(s) at GCA 

diagnosis  

(apart from MI)  

Time 

between  

GCA and MI  

(months) 

Age at 

MI 

diagnosis 

GCA 

characteristics at 

MI diagnosis 

Type 

of 

MI 

Triggering 

factor(s) of 

T2MI 

Type of 

CAD 

Extension of 

CAD 

Culprit coronary 

artery 

CRP at MI 

diagnosis 

(mg/L) 

GCA-

related MI 

Patient 1 67 F 
fever, headache, 

temporal pulse abolition 
− 0.1 67 Diagnosis 2 Vasculitis no CAD − − 165 yes 

Patient 2 79 F 
headache, scalp 

tenderness 
Stroke 0.2 79 Diagnosis 1 − ob-CAD Not extensive 

Left anterior 

descending artery 
130 yes 

Patient 3 72 F ND − 0.3 72 Diagnosis NA NA ob-CAD Not extensive 
Left main coronary 

artery 
4 yes 

Patient 4 80 F weight loss 

Inflammatory parietal 

thickening of subclavian 

and axillary arteries (US 

and scan), aortitis 

(PET-CT) 

1 80 Diagnosis 2 Vasculitis ob-CAD Not extensive 
Left anterior 

descending artery 
12 yes 

Patient 5 83 F fever, asthenia − 21 85 Relapse 2 Vasculitis ob-CAD Extensive 
Right coronary 

artery 
107 yes 

Patient 6 71 M asthenia − 127 81 Relapse 2 
Sepsis and 

vasculitis 
ob-CAD Extensive 

Left anterior 

descending artery 
113 yes 

Patient 7 82 F jaw claudication − 8 82 
MI > 3 months of 

a GCA flare 
NA NA ob-CAD Extensive 

Circumflex coronary 

artery 
25 no 

Patient 8 82 M 

asthenia, weight loss, 

scalp tenderness, jaw 

claudication  

Dilatation of the 

ascending thoracic aorta 

(45 mm) 

48 86 Remission 1 − ob-CAD Extensive 
Left main coronary 

artery 
49 no 

Patient 9 82 F headache − 52 86 Remission 1 − ob-CAD Extensive 
Right coronary 

artery 
10 no 

Patient 10 74 F headache 
Bilateral carotid 

stenoses, right PION 
78 81 Remission 2 Sepsis ob-CAD Extensive 

Right coronary 

artery 
182 no 

Patient 11 77 F 
asthenia,  

scalp tenderness 

Stroke, stenosis of the 

left subclavian artery 
117 87 Remission 1 − ob-CAD Extensive NA 3 no 

Patient 12 75 F 

asthenia, weight loss, 

scalp tenderness, jaw 

claudication, temporal 

pulse abolition 

− 138 87 
MI > 3 months of 

a GCA flare 
1 − ob-CAD Extensive 

Circumflex coronary 

artery 
8 no 

Patient 13 76 F 

fever, asthenia, weight 

loss, temporal pulse 

abolition 

− 154 89 Remission 1 − ob-CAD Extensive 
Right coronary 

artery 
NA no 

CAD = coronary artery disease; F = female; GC = glucocorticoids; GCA = giant cell arteritis; M = male; MI = myocardial infarction; NA = not available; ob-CAD = obstructive-CAD; PION = posterior ischemic optic neuropathy; T2MI = type 2 

myocardial infarction; US = ultrasonography 
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Table 2: Characteristics of patients with GCA-related or GCA-unrelated MI 

  GCA-related MI (n = 6) GCA-unrelated MI (n = 7) p  

MI characteristics       

Cardiovascular risk factors at MI onset       

Age (years), median (IQR) 79 (70 - 82) 86 (82 - 87) 0.005 

Sex (M/F) 1/5 1/6 1.000 

BMI (kg/m²), median (IDR) 24 (21 - 32) 24 (22 - 27) 1.000 

Hypertension, n (%)  3 (50) 6 (85.7) 0.266 

Hypercholesterolemia, n (%) 2 (33.3) 1 (14.3) 0.559 

Diabetes, n (%) 1 (16.7) 2 (28.6) 1.000 

Current smoker, n (%) 1 (16.7) 0 (0) 0.462 

Family history of coronary disease, n (%) 0 (0) 3 (42.9) 0.192 

History of cardiovascular event at MI onset, n (%)     

≥ 1 prior cardiovascular event 0 (0) 4 (57.1) 0.070 

MI 0 (0) 1 (14.3) 1.000 

Stroke 0 (0) 2 (28.6) 0.462 

Carotid surgery 0 (0) 1 (14.3) 1.000 

Peripheral artery disease 0 (0) 1 (14.3) 1.000 

Biology, median (IQR)       

CRP (mg/L) 110 (10 - 139) 17 (7 - 82) 0.394 

Creatinine clearance (ml/min/1,73m2 (CKDEPI)) 71 (39 - 86) 39 (30 - 61) 0.234 

Peak of cTnI (µg/L) 29.6 (15.8 - 55.8) 8.6 (1.4 - 19.0) 0.035 

LVEF, %, median (IQR) 55 (33 - 60) 45 (40 - 63) 0.755 

GRACE score at admission, median (IQR) 150 (135 - 197) 174 (151 - 205) 0.429 

STEMI, n (%) 2 (33.3) 3 (42.9) 1.000 

Type of MI, n (%)     0.080 

Type 1 1/5 (20) 5/6 (83.3)   

Type 2 4/5 (80) 1/6 (16.7)   

Coronary angiography  characteristics       

Coronary artery disease, n (%)     0.462 

No CAD 1 (16.7) 0 (0)   

nonobstructive-CAD 0 (0) 0 (0)   

obstructive-CAD 5 (83.3) 7 (100)   

CAD extension, n (%)     0.034 

Not extensive 3 (50) 0 (0)   

Extensive 2 (33.3) 7 (100)   

Treatment, n (%)       

Reperfusion strategy       

Percutaneous coronary intervention 3 (50) 5 (71.4) 0.592 

Coronary bypass surgery 0 (0) 1 (14.3) 1.000 

Medical treatment alone 2 (33.3) 1 (14.3) 0.559 

Antiplatelet medication (aspirin or clopidogrel) before MI 0 (0) 4 (57.1) 0.070 

Statin before MI 3 (50) 2 (28.6) 0.592 

Follow-up       

Duration of follow-up (months), median (IQR) 54.7 (27.7 - 111.8) 1.1 (0.3 - 29.6) 0.138 

MI relapse in the following year, n (%) 2 (33.3) 1 (14.3) 0.559 

GCA characteristics       

Age at GCA diagnosis (years), median (IQR)  75 (69 - 80) 77 (75 - 81) 0.445 

Biology at GCA diagnosis, median (IQR)       

Haemoglobin (g/dL) 11.2 (9.8 - 13.3) 11.4 (9.9 - 12.3) 1.000 

CRP (mg/L) 130 (54 - 150) 81 (36 - 113) 0.222 

Clinical signs at GCA diagnosis, n (%)       

Fever 2/5 (40) 1 (14.3) 0.523 

Asthenia 2/5 (40) 4 (57.1) 1.000 

Weight loss 1/5 (20) 3 (42.9) 0.576 

Headache 3/5 (60) 4 (57.1) 1.000 

Stroke  1/5 (20) 1 (14.3) 1.000 

Polymyalgia rheumatica 2/5 (40) 2 (28.6) 1.000 

Glucocorticoids, median (IQR)       

Starting dose, mg/kg/day 0.7 (0.6 - 1.0) 0.9 (0.7 - 1.1) 0.429 

Cumulative dose 3 months after diagnosis, mg 2900 (1600 - 3300) 3800 (2800 - 4000) 0.106 

Cumulative dose 6 months after diagnosis, mg 4200 (3100 - 4500) 5100 (4500 - 6100) 0.048 

Cumulative dose 12 months after diagnosis, mg 5700 (4450 - 6200) 7400 (6400 - 8325) 0.032 

Cumulative dose 18 months after diagnosis, mg 7000 (5000 - 8150) 9800 (7900 - 11175) 0.063 

Immunosuppressants, n (%)  1/5 (20) 2/6 (33.3) 1.000 

GCA relapse, n (%) 4/5 (80) 5/6 (83.3) 1.000 

CAD = coronary artery disease; BMI = body mass index; CRP = C-reactive protein; cTnI = cardiac troponin I; GCA = giant cell arteritis; 

IQR = interquartile range; LVEF = left ventricular ejection fraction; MI = myocardial infarction; n= number; STEMI = ST elevation myocardial 

infarction; TAB = temporal artery biopsy 
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Table 3: Characteristics of MI in GCA patients and controls 

  
Controls (MI without GCA) 

(n = 65) 

Cases (MI + GCA)  

(n = 13) 
p  

Cardiovascular risk factors at MI onset       

Age (years), median (IQR) 82 (80 - 86) 82 (79 - 86) 0.962 

Sex (M/F) 10/55 2/11 1.000 

BMI (kg/m²), median (IDR) 25 (22 - 28) 24 (21 - 27) 0.578 

Hypertension, n (%)  45 (69.2) 9 (69.2) 1.000 

Hypercholesterolemia, n (%) 15 (23.1) 3 (23.1) 1.000 

Diabetes, n (%) 15 (23.1) 3 (23.1) 1.000 

Current smoker, n (%) 5 (7.7) 1 (7.7) 1.000 

Family history of coronary disease, n (%) 15 (23.1) 3 (23.1) 1.000 

History of cardiovascular event at MI onset, n (%)       

≥ 1 prior cardiovascular event 21 (32.3) 4 (30.8) 1.000 

MI 6/64 (14.1) 1/12 (8.3) 1.000 

Stroke 11/64 (17.2) 2 (15.4) 1.000 

Carotid surgery 2 (3.1) 1 (7.7) 0.426 

Peripheral artery disease 4 (6.2) 1 (7.7) 1.000 

Biology, median (IQR)       

Haemoglobin (g/dL) 14.3 (13.0 - 14.5) 11.0 (9.4 - 13.2) 0.006 

CRP (mg/L) 5.0 (2.9 - 24.4) 36.9 (8.3 - 125.8) 0.006 

Creatinine clearance (ml/min/1,73m2 (CKDEPI)) 46.5 (35.2 - 61.5) 37.9 (24.3 - 69.5) 0.253 

NT-pro-BNP (µg/mL) 2688 (1002 - 6161) 6868 (322 - 10231) 0.775 

Peak of cTnI peak (µg/L) 9.0 (2.8 - 30.3) 19.0 (3.0 - 30.3) 0.955 

LVEF, %, median (IQR) 50 (40 - 60) 48 (36 - 60) 0.933 

GRACE score at admission, median (IQR) 174 (150 - 191) 169 (136 - 199)  0.538 

STEMI, n (%) 30 (46.2) 5 (38.5) 0.763 

Type of MI, n (%)     0.511 

Type 1 34/52 (65.4) 6/11 (54.5)   

Type 2 18/52 (34.6) 5/11 (45.5)   

Coronary angiography  characteristics       

Coronary artery disease, n (%)     0.615 

No CAD 6/62 (9.7) 1 (7.7)   

nonobstructive-CAD 4/62 (6.5) 0 (0)   

obstructive-CAD 52/62 (83.9) 12 (92.3)   

CAD extension, n (%)     0.800 

Not extensive 10/62 (16.1) 3 (23.1)   

Extensive 45/62 (72.6) 9 (69.2)   

Culprit coronary artery, n (%)       

Left main coronary artery 0/57 (0) 2/12 (16.7) 0.028 

Left anterior descending artery 24/57 (42.1) 3/12 (25) 0.342 

Left circumflex coronary artery 8/57 (14) 2/12 (16.7) 1.000 

Right coronary artery 17/57 (29.8) 4/12 (33.3) 1.000 

SYNTAX score, median (IQR) 5 (0 - 19) 7 (2 - 19) 0.950 

Treatment, n (%)       

Reperfusion strategy       

Percutaneous coronary intervention 44 (67.7) 8 (61.5) 0.751 

Coronary bypass surgery 0 (0) 1 (7.7) 0.167 

Medical treatment alone 18 (27.7) 3 (23.1) 1.000 

Antiplatelet medication (aspirin or clopidogrel) before MI 23/64 (35.9) 4 (30.8) 1.000 

Statin before MI 6 (9.2) 5 (38.5) 0.016 

Follow-up       

Duration of follow-up (months), median (IQR) 11 (5 - 30) 30 (1 - 78) 0.546 

MI relapse in the following year, n (%) 0 (0) 2/54 (3.7) 0.431 

CAD = coronary artery disease; BMI = body mass index; CRP = C-reactive protein; cTnI = cardiac troponin I; GCA = giant cell arteritis; 

IQR = interquartile range; LVEF = left ventricular ejection fraction;  MI = myocardial infarction; n= number; STEMI = ST elevation myocardial 

infarction 
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Table 4: Factors associated with one-year survival after MI diagnosis  

  Univariate Multivariate analysis (model 1) Multivariate analysis (model 2) 

  analysis Hazard ratio (IC 95%) p Hazard ratio (IC 95%) p 

Groups            

GCA-related MI vs. GCA-unrelated MI vs. controls 0.135 1.604 (0.764-3.37) 0.212     

Cases (MI + GCA) vs. controls 0.157     2.242 (0.6-8.375) 0.230 

Age at MI           

> 80 years 0.936         

> 82 years 0.408         

> 86 years 0.256         

Cardiovascular risk factors           

Hypertension  0.583         

Diabetes 0.594         

Hypercholesterolemia 0.792         

Family history of coronary disease 0.779         

Current smoker 0.966         

Biology           

Kidney failure (CKDEPI < 60 mL/min/1,73m²) 0.057 -   -   

CRP            

     > 10 mg/L 0.300         

     > 35 mg/L 0.764         

cTnI >10 µg/L 0.569         

History of cardiovascular disease 0.339         

LVEF > 50% 0.032 -   -   

STEMI 0.840         

Time in cardiac intensive care unit > 4 days 0.502         

GRACE score           

> 149 0.028         

> 173 0.010 5.967 (1.319-26.997) 0.020 6.422 (1.396-29.540) 0.017 

> 191 0.029         

Type of MI (type 1 vs. type 2) 0.446         

Coronary angiography characteristics           

Culprit coronary artery           

Left main 0.843         

Left anterior descending artery 0.234         

Left circumflex coronary artery 0.446         

Right coronary artery 0.964         

CAD (no CAD, non-obstructive or obstructive-CAD) 0.697         

CAD extension (no CAD, only one affected coronary 

artery or extensive) 
0.694         

SYNTAX score > 6 0.345         

Percutaneous coronary intervention 0.122 0.458 (0.153-1.374) 0.164 2.242 (0.6-8.375) 0.230 

Platelet aggregation inhibitors before MI 0.622         

CAD = coronary artery disease; CRP = C-reactive protein; cTnI = cardiac troponin I; GCA = giant cell arteritis; LVEF = left ventricular ejection fraction; 

MI = myocardial infarction; n= number; STEMI = ST elevation myocardial infarction 

 




