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Type 2 Myocardial Infarction in a Sub- 
Saharan Africa Population: Challenging the 
Current Concepts—Data From REACTIV
Hermann Yao , MD, PhD; Camille Touré, MD; Arnaud Ekou, MD; Elvis Sepih, MD; Yves Cottin , MD, PhD; 
Marianne Zeller , PhD; Alain Putot , MD, PhD; Roland N’Guetta , MD

BACKGROUND: From a large observational acute coronary syndrome registry in Côte d’Ivoire, we aimed to assess incidence, 
clinical presentation, management, and in- hospital outcomes for type 2 myocardial infarction (T2MI) compared with type 1 MI.

METHODS AND RESULTS: We conducted a cross- sectional monocentric study using data from REACTIV (Registre des Infarctus 
de Côte d’Ivoire) at the Abidjan Heart Institute. All patients hospitalized with MI between 2018 and 2022 who underwent coro-
nary angiography were included. For each patient, sociodemographic data, cardiovascular risk factors and history, and clini-
cal and paraclinical presentation were collected at admission. In- hospital outcomes, including major adverse cardiovascular 
events and mortality, were reported. Among 541 consecutive patients hospitalized with MI, 441 met the definition of type 1 
MI or T2MI. T2MI accounted for 14.1% of cases. Patients with T2MI showed a trend toward slightly younger age (54 versus 
58 years, P=0.09). Patients with T2MI seemed to have less severe coronary artery disease, with less frequent multivessel 
disease (P<0.001). Main triggering factors for T2MI were coronary embolism (24.2%), severe hypertension with or without left 
ventricular hypertrophy (22.6%), and tachyarrhythmia (16.1%).

In- hospital event rates were low in both MI types. Although the difference was nonsignificant, death rates for patients with type 
1 MI tended to be higher than for patients with T2MI, as well as occurrence of major adverse cardiovascular events.

CONCLUSIONS: Our study revealed disparities in clinical characteristics, angiographic features, cause, and in- hospital outcomes 
in T2MI in our population compared with Western populations. These results suggest the heterogeneity of T2MI and the po-
tential causative and demographic variability depending on geographical area.
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Myocardial infarction (MI) is the most common 
acute presentation of ischemic heart disease, 
which is the leading cause of death worldwide.1 

In sub- Saharan Africa, acute MI has recently emerged 
as a major public health issue in association with the 
adoption of Western lifestyles. Accordingly, there has 
been a sharp rise in MI incidence, and high mortal-
ity rates have been reported among various studies.2 
Over the past 2 decades, in Côte d’Ivoire, hospital 

admissions for acute MI increased dramatically from 
7.3% to 22.6%, with an estimated in- hospital mortality 
rate of 10.4%.3

MI has been defined by successive universal defi-
nitions (ie, rise of cardiac troponin level above the 99th 
percentile upper reference limit and with at least 1 of 
the following: symptoms of ischemia, new significant 
ST changes or new bundle branch block, development 
of pathological Q waves, imaging evidence of new loss 
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of viable myocardium or new regional wall motion ab-
normality, or identification of a coronary thrombus by 
angiography or by autopsy).4–6 The last version of the 
universal classification of MI, which is the fourth univer-
sal definition of MI, was updated in 2018.4–6 The most 
frequent type of MI is type 1 MI (T1MI), related to an 
atherothrombotic mechanism, as a consequence of 
coronary atherosclerosis, associated with “classical” 
risk factors (including hypertension, smoking, dyslipid-
emia, diabetes, and obesity). Type 2 MI (T2MI), includ-
ing a wide range of acute coronary events, is defined as 
MI with evidence of an imbalance between myocardial 
oxygen supply and demand unrelated to acute cor-
onary atherothrombosis. T2MI can have various trig-
gers: vasomotor abnormalities (including vasospasm 
or microvascular dysfunction), coronary embolism, 
spontaneous coronary artery dissection, sustained 
tachyarrhythmia, severe bradyarrhythmia, severe hy-
pertension with or without left ventricular hypertrophy, 
respiratory failure with severe hypoxemia, anemia, and 
hypotension/shock.6 Coronary angiography is import-
ant for the diagnosis of T2MI because it confirms that 
there is no visible coronary thrombosis.7

The wide range of clinical presentations and multi-
ple underlying mechanisms makes T2MI a diagnostic 
and therapeutic challenge, requiring tailored manage-
ment. In Western populations, T2MI is common and 
characterized by specific sociodemographic, angio-
graphic, and outcomes profiles. Patients with T2MI are 
older and have more comorbidities when compared 
with those with T1MI.8–10 T2MI is usually associated 
with more severe coronary artery disease at angiogra-
phy.10,11 Moreover, patients with T2MI have dramatically 
increased in- hospital12,13 and long- term mortality.9

In sub- Saharan African countries, to the best of our 
knowledge, the epidemiology of MI types are unknown 
and no prospective study has specifically addressed 
T2MI. Côte d’Ivoire, classified as a lower-  to middle- 
income country by the World Bank, is the largest 
economy in the West African Economic and Monetary 
Union and is experiencing one of the fastest sustained 
economic growth rates in sub- Saharan Africa in nearly 
a decade.14 It has a very young and active popula-
tion and is currently undergoing major demographic 
growth. Similar to other sub- Saharan African coun-
tries, the epidemiological transition has been marked 
by the recent emergence of cardiovascular diseases, 
particularly acute MI, in a context of urbanization and 
lifestyle changes.15 In Côte d’Ivoire, as in most of sub- 
Saharan Africa, there is limited access to heart centers 
where acute MI can be effectively managed. Only a 
few facilities, such as the Abidjan Heart Institute, are 
equipped with intensive care units and cardiac cathe-
terization laboratories.16,17

The main purpose of the study was to address 
the incidence, clinical features, management, and in- 
hospital outcomes of patients with T2MI compared 
with patients with T1MI based on data from a prospec-
tive study conducted in Côte d’Ivoire.

METHODS
Data Availability Statement
The data underlying this article will be shared upon 
reasonable request to the corresponding author.

Study Design and Patient Criteria
The study was cross- sectional and monocentric, using 
data from REACTIV (Registre des Infarctus de Côte 
d’IVoire), a prospective survey including patients older 
than 18 years hospitalized for MI in the intensive care 
unit of the Abidjan Heart Institute.3 It is the largest facil-
ity in Côte d’Ivoire and the national referral center for 
the management of acute coronary syndromes, open 
24 hours a day, 7 days a week. The center includes an 
emergency department, an intensive care unit, wards, 
a department for noninvasive exploration (includ-
ing echocardiography laboratories and other cardiac 

CLINICAL PERSPECTIVE

What Is New?
• This original paper addresses the knowledge 

gap for type 2 myocardial infarction in sub- 
Saharan Africa populations.

• When compared with type 2 myocardial infarc-
tion in Western countries, our study showed 
disparities in clinical characteristics (younger 
age), angiographic features (less severe coro-
nary artery disease), causative framework (more 
frequently coronary embolism and hyperten-
sion), and in- hospital outcomes.

What Are the Clinical Implications?
• These observations emphasize the potential 

heterogeneity of this multifaceted disease and 
challenge the hypothesis that it is a geriatric 
pathology.

Nonstandard Abbreviations and Acronyms

REACTIV Registre des Infarctus de Côte 
d’Ivoire

RICO Observatoire des Infarctus de Côte 
d’Or

T1MI type 1 myocardial infarction
T2MI type 2 myocardial infarction



J Am Heart Assoc. 2024;13:e032149. DOI: 10.1161/JAHA.123.032149 3

Yao et al Type 2 MI in Sub- Saharan Africa

diagnostic tests), a pediatric cardiology department, 
operating rooms for cardiovascular and thoracic sur-
gery, an interventional cardiology laboratory, and a car-
diac rehabilitation department. We used the STROBE 
(Strengthening the Reporting of Observational Studies 
in Epidemiology) cohort checklist when writing our 
report.18

In this study, all patients with MI included between 
2018 and 2022 who underwent coronary angiogra-
phy were eligible. MI cases were adjudicated into T1MI 
and T2MI, based on criteria defined in the fourth uni-
versal definition of MI,6 and variables were collected 
with standard definitions in agreement with the RICO 
(Observatoire des Infarctus de Côte d’Or) study10 in 
the context of a collaborative project (Dijon/Abidjan 
Cardiovascular Network). Two cardiologists thoroughly 
reviewed and adjudicated each MI file. Disagreements 
(34 cases [7.7%]) were resolved by consensus, and, 
if necessary, by a third cardiologist. Briefly, T1MI was 
defined as acute coronary obstruction or reduction of 
coronary blood flow precipitated by atherosclerotic 
plaque rupture or erosion. T2MI was defined as MI with 
context of mismatch between oxygen supply and de-
mand, triggered by an acute stressor. These precipitat-
ing factors have been shown in the literature: coronary 
spasm,5 coronary embolism,19 (retained in the cases 
of definite [≥2 major criteria or 1 major criterion plus 
≥2 minor criteria or 3 minor criteria] or probable coro-
nary embolism [1 major criterion plus 1 minor criterion 
or 2 minor criteria] according to Shibata et al),20 spon-
taneous coronary artery dissection,21 sustained tach-
yarrhythmia (especially atrial fibrillation [AF] or flutter),19 
severe hypertension,19 severe bradyarrhythmia,19 acute 
respiratory failure,22 severe anemia,19 and hypotension 
or shock.

MI types other than T1MI and T2MI were excluded 
(see flow chart).

Data Collection
Sociodemographic and anthropometric data (age, sex, 
body mass index), clinical data (cardiovascular risk fac-
tors and history, presentation), and ECG were collected 
at admission. Variables were collected with standard 
definitions from the RICO study protocol.15

Cardiovascular risk factors were defined as follows: 

• Hypertension: systolic blood pressure ≥140 mm Hg 
or diastolic blood pressure ≥90 mm Hg or treatment 
of previously diagnosed hypertension.

• Diabetes: fasting hyperglycemia ≥1.26 g/L twice or 
hyperglycemia ≥2 g/L at any time of day or glycated 
hemoglobin ≥6.5% or treatment of previously diag-
nosed diabetes.

• Hypercholesterolemia: total cholesterol concen-
tration >2.40 g/L with or without a low- density 

lipoprotein cholesterol concentration >1.60 g/L and 
a high- density lipoprotein cholesterol concentration 
<0.40 g/L in men or <0.50 g/L in women.

• Family history of coronary artery disease (CAD): pre-
mature MI or sudden cardiac death (aged younger 
than 55 years in the patient’s father or in a first- 
degree male relative, or aged younger than 65 years 
in the patient’s mother or in a first- degree female 
relative).

• Obesity: body mass index ≥30 kg/m2.

Left ventricular ejection fraction using transthoracic 
echocardiography and biplane Simpson method, as 
well as blood tests were obtained on admission (he-
moglobin, C- reactive protein, N- terminal pro- B- type 
natriuretic peptide, creatinine). Peak cardiac troponin 
I was determined by daily blood testing during the first 
3 days after admission. Glomerular filtration rate was 
evaluated by the Modification of Diet in Renal Disease 
formula.

Coronary angiography and percutaneous coronary 
interventions were performed based on current guide-
lines and local clinical practice. Coronary angiography 
was considered normal when the angiographic im-
ages did not show any visible atheromatous plaque or 
spastic phenomena. Significant CAD was defined as 
the narrowing of at least 1 coronary vessel ≥50%, and 
CAD severity was assessed by the number of epicar-
dial vessels involved (1- vessel, 2- vessel, or 3- vessel/
left main CAD). Treatment data (revascularization 
procedures, drugs prescribed during hospitalization) 
were collected. In- hospital outcomes were recorded, 
including heart failure (maximum Killip ≥2),23 stroke, 
sustained ventricular arrhythmia, high- degree atrio-
ventricular block, AF/flutter, severe bleeding (defined 
as BARC [Bleeding Academic Research Consortium] 
type 3b),24 all- cause/cardiovascular death, and major 
adverse cardiac events (defined as cardiovascular 
death, reinfarction, or stroke).25

Ethics
This study was conducted in accordance with the 
Declaration of Helsinki and was authorized by the eth-
ics committee of the Abidjan Heart Institute. Each pa-
tient gave prior informed consent.

Statistical Analysis
Qualitative variables are expressed as headcounts 
and percentages and compared using the χ2 test 
or Fisher exact test when expected values were ≤5. 
A Kolmogorov–Smirnov test was conducted to ana-
lyze the normality of variables. Quantitative variables 
are expressed as medians and interquartile ranges 
and compared using the Student t test or the non-
parametric Mann–Whitney test, when appropriate. The 
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concordance between the 2 independent reviewers 
was assessed using the Cohen κ statistic.26

Kaplan–Meier in- hospital survival curves were per-
formed and compared by log- rank test. SPSS software 
version 26.0.0.0 (IBM) was used for statistical analysis, 
with statistical significance defined as P<0.05.

RESULTS
Characteristics, Risk Factors, and 
Management
During the study period, 561 patients with MI were ad-
mitted to the Abidjan Heart Institute. Twenty patients 
(18 T1MI and 2 T2MI) were excluded from the analysis 
for missing data. Among the remaining 541 patients, 
87 did not undergo coronary angiography. Finally, 441 
patients met the definition of T1MI or T2MI in the study 
population. T2MI accounted for 14.1% of cases (62 of 
441). The flow chart is shown in Figure 1.

Kappa statistics (κ, 0.791 [95% CI, 0.707–0.875]) 
showed a high degree of agreement in the assessment 
of MI cases (Table S1).

Albeit without statistical difference, patients with 
T2MI appeared to be slightly younger (54 years versus 
58 years) and more often female than patients with 
T1MI. Diabetes (P=0.044) and high body mass index 
were more frequent in patients with T1MI (Table  1). 
Other classic cardiovascular risk factors (hypertension, 
hypercholesterolemia, and smoking) showed a nonsig-
nificant trend toward higher rate in patients with T2MI. 
Prior atherosclerotic cardiovascular diseases including 
CAD, stroke, and peripheral arterial disease seemed 
to be similar for both types of MI. Patients with T2MI 
had a more frequent history of heart failure or left ven-
tricular dysfunction (8.1% versus 2.1%, P=0.025). Prior 
AF/flutter (8.1%) or AF/flutter on admission ECG (16.1%) 
(Table  2) were much more common in patients with 
T2MI (P<0.001). CAD characteristics on coronary an-
giography are presented in Figure 2. Compared with 
patients with T1MI, patients with T2MI had less severe 
CAD with less frequent multivessel disease (37.2% 
versus 8.1%, P<0.001). However, although younger, 
almost 42% of patients with T2MI (26 of 62) had sig-
nificant coronary stenosis. P2Y12 inhibitors were more 
likely to be prescribed in patients with T1MI (91.0% 
versus 72.6%, P<0.001). By contrast, vitamin K an-
tagonists were used only in patients with T2MI (8.1%, 
P<0.001) (Table 3).

Acute Stressors for T2MI

Acute or chronic causative factors involved in T2MI 
pathophysiology are shown in Figure 3. Coronary em-
bolism (24.2%), severe hypertension with or without left 
ventricular hypertrophy (22.6%), and tachyarrhythmia 

(16.1%) emerged as the main triggering factors. Anemia 
was infrequently involved (6.4%).

In- Hospital Outcomes

In- hospital event rates were low in both MI types. In 
agreement with history and ECG findings, AF/flutter 
and stroke showed only a nonsignificant trend toward 
a higher rate in patients with T2MI. Overall hospital 
mortality was 2.3%. All deaths were from cardiovas-
cular causes. Although the difference was nonsignifi-
cant, death rates in patients with T1MI tended to be 
higher than in patients with T2MI, as well as occur-
rence of major adverse cardiovascular events (Table 4). 
In univariate analysis, the results suggested that the 
occurrence of heart failure during hospitalization might 
be the only parameter associated with in- hospital 
mortality (P=0.044). Anterior wall MI showed almost 
a significant trend (P=0.059) (Table  5). Kaplan–Meier 
analyses did not show significant trends considering 
occurrence of heart failure (P=0.162) or anterior wall MI 
(P=0.09) (Figure 4).

DISCUSSION
To the best of our knowledge, this study is the first to in-
vestigate the characteristics and in- hospital outcomes 

Figure 1. Flow chart of the study.
MI indicates myocardial infarction.
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of T2MI compared with T1MI in a sub- Saharan African 
population. This study is of particular interest for the 
global perspective of MI and T2MI because there are 
still many blind spots, particularly for Black Africans. 
We found that the prevalence of T2MI was not exceed-
ingly low (14.1%). In the literature, T2MI incidence var-
ies widely across studies, ranging from 1.6% to 73.8% 
of patients with MI.27 Retrospective adjudication of MI 
cases and the recent interest in this topic may explain 
this relatively low rate. It should also be underscored 
that differentiating between T1MI, T2MI, and even my-
ocardial injury is challenging in daily clinical practice 
considering the various clinical conditions associated 
with cardiac troponin I elevation, potentially leading 
to misdiagnosis of T2MI.28 The heterogeneous preva-
lence of T2MI may also be due to the difference in the 
thresholds used, acute triggers, and the definition of 
oxygen supply/demand mismatch (eg, supraventricular 
tachyarrhythmia and anemia).27

Almost all Western studies report that patients with 
T2MI are older than those with T1MI. The age and co-
morbidities frequently observed in patients with T2MI 
have resulted in the emergence of a geriatric pathology 
that includes CAD and additional harmful conditions, 
which are key determinants of the poor outcomes in 
these patients.29,30 Unexpectedly, albeit without sta-
tistical difference, patients with T2MI in our series 

appeared to be slightly younger (by roughly 4 years) 
than patients with T1MI. In addition, main cardiovas-
cular risk factors (apart from diabetes) and comorbid-
ities showed a nonsignificant trend toward higher rate 
among patients with T2MI. Female predominance was 
consistent with previous studies.27 These observations 
suggest a potential heterogeneity of this multifaceted 
disease. However, there are explanations for some 
of these differences. As opposed to Western coun-
tries, the sub- Saharan population, and particularly in 
Côte d’Ivoire, is young as a result of dynamic popula-
tion growth and lower life expectancy.31 Patients with 
MI are therefore relatively younger than in developed 
countries, with a 10- year difference.2 Patients from 
Côte d’Ivoire included in REACTIV had a mean age 
of 56 years in the 2010 to 2016 period (765 patients).3 

Table 1. Risk Factors, Comorbidities, and Cardiovascular 
History

Parameters T1MI, n=379 T2MI, n=62 P value

Risk factors and comorbidities

Age, y 58 [50–65] 54 [43–64] 0.091

Women 75 (19.8) 20 (32.3) 0.031

Hypertension 232 (61.2) 36 (58.1) 0.675

Diabetes 110 (29.0) 10 (16.1) 0.044

Hypercholesterolemia 111 (29.3) 14 (22.5) 0.362

Smoking 92 (24.3) 9 (14.5) 0.090

Family history of CAD 17 (4.5) 0 (0) 0.147

BMI, kg/m2 27.4 [23.9–30.4] 25.7 [22.1–28.3] 0.045

Obesity 87 (22.9) 10 (16.1) 0.229

Cardiovascular history

MI 32 (8.4) 2 (3.2) 0.202

PCI 14 (3.7) 0 (0) 0.235

Stroke 21 (5.5) 3 (4.8) 0.556

PAD 12 (3.2) 1 (1.6) 1.000

Heart failure/LV 
dysfunction

8 (2.1) 5 (8.1) 0.025

AF/flutter 1 (0.3) 5 (8.1) <0.001

Values are expressed as number (percentage) or median [interquartile 
range].

AF indicates atrial fibrillation; BMI, body mass index; CAD, coronary artery 
disease; LV, left ventricular; MI, myocardial infarction; PAD, peripheral arterial 
disease; PCI, percutaneous coronary intervention; T1MI, type 1 myocardial 
infarction; and T2MI, type 2 myocardial infarction.

Table 2. Clinical and Paraclinical Data

Parameters T1MI, n=379 T2MI, n=62 P value

Clinical data

Onset of symptoms—
admission, h

20 [7–72] 26 [5–93] 0.593

Killip admission ≥2 79 (20.8) 12 (19.4) 0.788

SBP, mm Hg 140 [127–161] 135 
[112–158]

0.055

DBP, mm Hg 90 [80–102] 87 [71–100] 0.190

HR, beats per min 83 [71–99] 84 [71–97] 0.722

ECG at admission

STEMI 256 (67.5) 38 (61.3) 0.332

Anterior wall MI 195 (51.4) 22 (35.5) 0.020

AF/flutter 4 (1.1) 10 (16.1) <0.001

Echocardiography

LVEF, % 53 [44–61] 55 [42–60] 0.793

LVEF ≤40% 59 (15.6) 14 (22.6) 0.168

Biology

Hemoglobin, g/100 mL 13.7 
[12.3–15.0]

13.6 
[12.2–15.0]

0.756

CRP, mg/L 23.3 
[5.4–89.0]

15.3 
[4.5–75.0]

0.189

CRP ≥6 mg/L 119 (31.4) 24 (38.7) 0.254

Creatinine, mg/L 12.1 
[10.0–14.7]

12.4 
[9.7–15.9]

0.868

eGFR, mL/min per 
1.73 m2

74.9 
[57.9–93.7]

69.0 
[52.7–89.6]

0.624

High- sensitivity cardiac 
troponin I peak, ng/L

3416 
[552–25 470]

2113 [2210–
18 348]

0.084

NT- proBNP, pg/mL 1663 
[518–5013]

1559 
[491–5055]

0.956

Length of stay in ICU, d 3 [2–4] 3 [2–4] 0.530

Values are expressed as number (percentage) or median [interquartile 
range]. AF indicates atrial fibrillation; CRP, C- reactive protein; DBP, diastolic 
blood pressure; eGFR, estimated glomerular filtration rate; HR, heart rate; 
ICU, intensive care unit; LVEF, left ventricular ejection fraction; MI, myocardial 
infarction; NT- proBNP, N- terminal pro- B- type natriuretic peptide; SBP, 
systolic blood pressure; STEMI, ST- segment–elevation myocardial infarction; 
T1MI, type 1 myocardial infarction; and T2MI, type 2 myocardial infarction.
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This young population is also characterized by a low 
rate of comorbidities and cardiovascular risk factors, 
which gradually increase with age. Nevertheless, this 
result must be carefully interpreted considering po-
tential variability in sampling, as our study population 
was small. These interesting observations need to be 
refined and confirmed by multicenter studies on larger 
populations in sub- Saharan Africa. Moreover, ethnicity 

issues concerning T2MI have already been reported. 
In the largest study conducted in the United States 
based on the National Inpatient Sample database over 
2 years (2018–2019), African Americans were the only 
race with a significantly higher rate of hospitalization for 
T2MI (15.9% versus 11.6%; P<0.001), ahead of White 
and Hispanic populations.32 These results suggest 
racial disparities in the epidemiology of T2MI, which 
could be even greater in sub- Saharan Africa.

The key issues in T2MI that are highlighted in our 
series are AF/flutter and heart failure, in relation to 2 
predominant triggers (ie, coronary embolism and AF/
flutter). In a systematic review by Wang et al, 9 of the 
14 studies identified arrhythmia, especially tachyar-
rhythmia, as the main trigger in T2MI.33 AF is still a 
diagnostic and therapeutic challenge in sub- Saharan 
Africa, where the use of anticoagulation and therapeu-
tic efficacy are still below standard in daily practice.34 
Unfortunately, in our study, information about chronic 
treatments, including AF medications, was not avail-
able. Hypertension and subsequent left ventricular 
hypertrophy are also important T2MI triggers. In the 
multicenter INTERHEART Africa study, hypertension 
was the most important risk factor associated with a 
first episode of MI in Black Africans (50.4%; odds ratio, 
6.99 [95% CI, 4.23–11.55]).35 Over the past decade, 
sub- Saharan Africa has experienced the highest in-
crease of the rate of hypertension, compared with de-
veloped countries.36 Anemia, which is consistent with 
older age and frequent comorbidity in the West,19,37 
was rarely encountered in our series.

Figure 2. Severity of CAD according to T1MI and T2MI.
CAD indicates coronary artery disease; LM, left main; T1MI, type 1 myocardial infarction; and T2MI, type 2 
myocardial infarction.

Table 3. In- Hospital Medications and Revascularization 
Procedures

Acute treatments
T1MI, 
n=379

T2MI, 
n=62 P value

Thrombolysis 40 (10.5) 9 (14.5) 0.357

PCI 168 (44.3) 12 (19.3) <0.001

Aspirin 356 (93.9) 54 (87.1) 0.061

P2Y12 inhibitors 345 (91.0) 45 (72.6) <0.001

Unfractioned heparin 28 (7.4) 13 (21.0) <0.001

LMWH 308 (81.3) 40 (64.5) 0.002

β- Blockers 273 (72.0) 40 (64.5) 0.226

Statins 287 (75.7) 45 (72.6) 0.594

ACEI/ARB 271 (71.5) 44 (71.0) 0.931

Diuretics 96 (25.3) 20 (32.2) 0.250

DOA 0 (0) 1 (1.6) 0.140

VKA 0 (0) 5 (8.1) <0.001

Values are expressed as number (percentage). ACEI indicates angiotensin- 
converting enzyme inhibitor; ARB, angiotensin 2 receptor blocker; DOA, 
direct oral anticoagulant; LMWH, low- molecular- weight heparin; PCI, 
percutaneous coronary intervention; T1MI, type 1 myocardial infarction; 
T2MI, type 2 myocardial infarction; and VKA, vitamin K antagonist.
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Coronary angiography, performed in all 62 patients 
with T2MI, highlighted that significant CAD was com-
mon in patients with T2MI (41.9%). The rate seen here 
is lower than in other recent studies, which estimated 
the prevalence of CAD at >50% among patients with 
T2MI.11,38,39 In contrast with studies in Western coun-
tries, multivessel CAD (2-  or 3- vessel CAD) was less 
frequent in T2MI compared with T1MI.11,40 CAD has 
emerged as a key prognostic issue in T2MI, and re-
cent data suggest that categorizing T2MI based on 
the presence or absence of significant CAD41,42 would 
improve the characterization of T2MI as a clinical en-
tity. This classification is supported by the strong prog-
nostic value of CAD in T2MI.38,43 Recent findings from 

the French RICO survey demonstrated that 1- year all- 
cause mortality has increased significantly, by 40%, in 
patients with T2MI with significant CAD compared with 
patients with T1MI, after adjustment for confounding 
factors (hazard ratio, 1.362 [95% CI, 1.029–1.802]).39

In our study, while in- hospital mortality was low over-
all, it may be lower in patients with T2MI (1.6%) than in 
patients with T1MI (2.4%). Data on short- term mortality 
in patients with T2MI are controversial. Although T2MI is 
often associated with higher in- hospital cardiovascular 
and all- cause mortality, some studies found no signif-
icant difference between T2MI and T1MI.44,45 Hospital 
deaths in T2MI could relate to the underlying mecha-
nism of onset, as anemia, hypoxia, or hypotension are 

Figure 3. Pathophysiological mechanisms of type 2 myocardial infarction.
LVH indicates left ventricular hypertrophy; and SCAD, spontaneous coronary artery dissection.

Table 4. In- Hospital Events

Variables
T1MI, 
n=379

T2MI, 
n=62 P value

Heart failure 15 (3.9) 3 (4.8) 0.728

Sustained VT 12 (3.2) 3 (4.8) 0.453

AF/flutter 2 (0.5) 1 (1.6) 0.093

Transfusion or major 
bleeding

4 (1.0) 3 (4.8) 0.061

Stroke 3 (0.8) 2 (3.2) 0.147

Death 9 (2.4) 1 (1.6) 0.104

MACE 18 (4.7) 2 (3.2) 1.000

Values are expressed as number (percentage). AF indicates atrial 
fibrillation; MACE, major adverse cardiac events; T1MI, type 1 myocardial 
infarction; T2MI, type 2 myocardial infarction; and VT, ventricular tachycardia.

Table 5. In- Hospital Mortality: Univariable Analysis

Parameters Alive, n=431
Deceased, 
n=10 P value

Age, y 66 [50–69] 58 [49–65] 0.076

Men 337 (78.2) 9 (90.0) 0.697

Heart failure 91 (21.1) 5 (50.0) 0.044

STEMI 285 (66.1) 9 (90.0) 0.176

Anterior wall MI 209 (48.5) 8 (80.0) 0.059

Type 2 MI 61 (14.2) 1 (10.0) 1.000

PCI 176 (40.8) 4 (40.0) 1.000

Values are expressed as number (percentage) or median [interquartile 
range]. MI indicates myocardial infarction; PCI, percutaneous coronary 
intervention; and STEMI, ST- segment–elevation myocardial infarction.
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associated with a worse prognosis.46 These causative 
factors were rarely seen in our population.

Study Strength and Limitations
Our study has some limitations. First, our sample size 
was relatively small compared with some Western 
T2MI registries. As only patients admitted to an inten-
sive care unit were included, selection bias may be 
induced. Some findings may be due to sample fluc-
tuations, particularly coronary embolism in the patho-
physiological mechanisms of T2MI, so caution may be 
applied to the results. Only patients who underwent 
coronary angiography were included, and the relatively 
high proportion of excluded patients (87 of 541 [16.1%]) 
may have led to bias in the prevalence of T1MI and 
T2MI and the related data. In the absence of coro-
nary imaging in some T1MI cases (17.1%), the athero-
thrombotic mechanism defining T1MI could not be 
confirmed. The distinction between T1MI, T2MI, and 
myocardial injury is a clinical challenge. Only patients 
with MI diagnosed on the basis of clinical, imaging, or 
ECG signs, as defined by the current fourth universal 
definition of MI, were included in this study. Despite 
this challenge, herein, the T2MI diagnosis was based 
on current guidelines and was made by 2 experienced 
cardiologists with a good interobserver agreement. 
Cutoffs used to identify acute triggers for supply–de-
mand oxygen mismatch in T2MI are not standardized 
to date, and therefore cannot be generalized, given 
the high variability of individual ischemic thresholds. 
The management of MI in patients is still a challenge 
in Cote d’Ivoire, as there is a wide gap between quality 
of care in sub- Saharan Africa and Western countries, 
mainly demonstrated by prolonged time to admission 
and scarcity of specialized cardiology units.

Some specific explorations were not performed. 
Spasm provocation test with ergonovine was not per-
formed to confirm coronary vasospasm, nor was the 
index of microcirculatory resistance to identify micro-
vascular dysfunction. In patients with MI with normal 
coronary arteries or nonsignificant CAD, magnetic res-
onance imaging is of particular interest, but this test 
was not performed in our study.

Finally, the small number of patients with major 
cardiac events (n=20) and the limited duration of fol-
low- up (hospital phase) did not provide favorable con-
ditions for performing further analyses such as Cox 
regression.

Nevertheless, to our knowledge, this study is the 
first to assess, in a sub- Saharan African population, 
characteristics and in- hospital outcomes of patients 
with T2MI compared with those with T1MI. It therefore 
adds key data in the understanding of T2MI.

CONCLUSION
The current study, conducted over a 5- year period at 
the Abidjan Heart Institute, showed disparities in the 
clinical characteristics, angiographic features, causa-
tive framework, and in- hospital outcomes of T2MI 
compared with Western studies. These results suggest 
a potential heterogeneity in the causative characteris-
tics of T2MI according to the epidemiological profile, 
risk factors, and health access of a population. Given 
the young age of patients with T2MI in sub- Saharan 
Africa, these novel findings challenge the hypothesis of 
a geriatric pathology. There is thus an urgent need for 
prospective multicentric studies in this region to con-
firm our preliminary findings and to assess long- term 
prognosis.

Figure 4. Kaplan–Meier survival curves for in- hospital mortality.
Kaplan–Meier survival curves for in- hospital mortality (A) considering anterior wall MI and (B) considering occurrence of heart failure. 
MI indicates myocardial infarction.
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