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EDITORIAL

Adding Insult to Injury: Are There 
Treatments for Myocardial Injury and  
Type 2 Myocardial Infarction?
Harvey D. White , DSc

The Fourth Universal Definition of Myocardial 
Infarction was notable for highlighting the impor-
tance of myocardial injury.1 It described a plethora 

of pathophysiologic processes associated with myo-
cardial injury, which was defined by elevation of car-
diac troponin (cTn) levels >99th percentile of the normal 
reference range.1 If the cTn elevations were associated 
with clinical ischemia (symptoms, ECG changes, or 
imaging evidence), either type 1 (plaque rupture and 
thrombus) or type 2 (supply/demand imbalance) myo-
cardial infarction (MI) should be diagnosed. Myocardial 
injury may be acute, with a rise and/or fall of cTn levels, 
or chronic, defined as <20% change in cTn levels be-
yond 48 hours previously. Chronic cTn elevation may 
occur in patients with stable coronary artery disease 
(CAD) and additionally reflect the burden of noncar-
diovascular disease, such as diabetes mellitus or renal 
disease, which may be causes of adverse outcomes 
and mortality long-term.

See Article by Kadesjö et al.

Type 2 MI (T2MI) is common among hospital popu-
lations, accounting for at least 25% of all MI.1 Patients 
with myocardial injury and T2MI have distinct cardio-
vascular phenotypes compared with patients with 
type 1 MI (T1MI), being older, more likely to be women, 

having lower cTn levels, and more likely to have diabe-
tes mellitus, sepsis, pulmonary embolism, respiratory 
failure, hypertension, atrial fibrillation, heart failure (HF), 
or renal failure.

Mechanisms by which cTn can be released from 
cardiomyocytes include necrosis, apoptosis, normal 
cell turnover, release of protein degradation products, 
increased cell membrane permeability, and release of 
membranous "blebs."2

In myocardial injury, cTn elevations may be mediated 
by direct toxicity from circulating cytokines, catechol-
amines, or vasopressors. Some of these factors are 
instrumental in Takotsubo syndrome, with microvas-
cular spasm also possibly playing a part. Takotsubo 
syndrome is not considered an MI because of the ab-
sence of clinical ischemia, reversibility of left ventricular 
dysfunction, and the myocardial injury occurring be-
yond the distribution of a single coronary artery.1

The amount of myocardial injury is usually larger 
and more localized in T1MI to the coronary artery 
territory supplied distal to the acute plaque event, 
producing higher elevations of cTn levels, than in 
T2MI. The occurrence of T2MI may be a more global 
ischemic phenomenon with regional myocardial wall 
motion dysfunction depending on the extent of as-
sociated CAD. The presence of underlying CAD is 
likely to play a major role in altering the threshold 
for myocardial ischemia. The incidence of associ-
ated CAD is variable, depending on the population 
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studied, and ranges from 40% to 78%.1,3 MI with 
nonobstructive coronary arteries may occur in ei-
ther T1MI or T2MI and be associated with coro-
nary endothelial dysfunction, epicardial coronary 
spasm, microvascular spasm, dissection, anemia, 
or bleeding.

There are 5 cardiovascular evidence-based med-
icines (EBMs) for the management of T1MI (Figure), 
together with percutaneous coronary intervention 
(PCI).4,5 However, for the management of myocardial 
injury or T2MI, there are no proven treatments. The role 
of invasive coronary angiography, as well as computed 

tomographic coronary angiography, is not well defined 
for patients with T2MI, and there have been few re-
ports of the use of intravascular ultrasound and optical 
coherence tomography. The rates of angiography are 
usually low, which may be appropriate in some patients 
who may have renal impairment, cognitive impairment, 
or anemia, or be at high risk of bleeding. Consequently, 
management in clinical practice for both these entities 
varies across different hospitals and countries. Most 
important, patients with myocardial injury and T2MI 
have a worse prognosis compared with patients with 
T1MI.1,6,7

Figure.  Management of myocardial injury and type 2 myocardial infarction (MI).
ACEi indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; CAD, 
coronary artery disease; cTn, cardiac troponin; MINOCA, MI with nonobstructive coronary arteries; and 
SCAD, spontaneous coronary artery dissection.
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In this issue of the Journal of the American Heart 
Association (JAHA), Kadesjö et al8 report a single-cen-
ter cohort study from Stockholm, Sweden. The aim of 
the study was to investigate whether EBMs were asso-
ciated with a reduction in patients with acute or chronic 
myocardial injury and T2MI. The focus was on myocar-
dial injury and T2MI.

Of 22 589 patients presenting to the emergency de-
partment with chest pain, 3853 with at least one level of 
high-sensitivity cTn T >14 ng/L (>99th percentile upper 
reference limit) or <12 ng/L and a Δ-cTn of ±≥3 ng/L 
were categorized following adjudication using the 
Fourth Universal Definition of Myocardial Infarction, into 
having either T1MI, acute or chronic myocardial injury 
or T2MI. Patients with chronic injury had stable and 
elevated high-sensitivity cTn levels in the absence of an 
acute medical condition. No specific absolute or rela-
tive Δ criteria were applied to define stable high-sensi-
tivity cTn levels.

Data from all dispensed prescriptions within 
180 days of the visit to emergency department were ob-
tained for β-blockers, angiotensin-converting enzyme 
inhibitors/angiotensin II receptor blockers, statins, and 
platelet inhibitors. The number of medications was cat-
egorized into the following 3 groups: 0 to 1, 2 to 3 or 4 
medications (0–1 medication was the referent).

Less than half of all patients with acute or 
chronic myocardial injury and T2MI were treated 
with statins. Similarly, only approximately half of 
these patient groups were treated with aspirin or a 
P2Y12 inhibitor.

Overall, 29.7% had acute myocardial injury, 35% 
had chronic myocardial injury, and 6.5% had T2MI. 
Rates of coronary angiography were not reported. 
Within 30 days from the index date, only 1.2% of pa-
tients with acute injury, 1.3% with chronic injury, and 
2.9% with T2MI underwent revascularization. During a 
mean follow-up of 3.1±1.5 years, 1059 patients (27%) 
died.

In patients with T2MI, dispensing of 2 to 3 (50.1%) 
and 4 (27.9%) medications was associated with a 50% 
and 56% lower mortality, respectively. Corresponding 
reduction in death occurred in patients with acute 
myocardial injury of 24% (51.7% dispensed 2–3 medi-
cations) and 29% (19.5% dispensed 4 medications). In 
patients with chronic myocardial injury, mortality was 
reduced 27% (52.9% dispensed 2–3 medications) and 
37% (19.2% dispensed 4 medications). For the com-
bined outcome of death, MI, HF, and stroke, the find-
ings were similar.

The authors concluded that patients with acute or 
chronic myocardial injury and T2MI are infrequently 
prescribed EBMs. Increasing the number of EBM 
treatments in patients with acute or chronic myocardial 
injury and T2MI was associated with a lower risk of 
death.

Given the lack of evidence for EBMs in patients with 
myocardial injury or T2MI, it is perhaps not surprising 
that in this study few patients with myocardial injury or 
T2MI were dispensed EBMs.

There are several limitations. The authors focused 
on the number of medication classes rather than on 
specific medications. In addition, patients having myo-
cardial injury or T2MIs may have been previously pre-
scribed β-blockers (reported as 73%) as hypertension 
and atrial fibrillation requiring rate control are often 
associated with myocardial injury and T2MI. These 
patients would be expected to have worse outcome 
because of the underlying disease states. Also, angio-
tensin-converting enzyme inhibitors/angiotensin II re-
ceptor blockers may have been prescribed (reported 
as 61%) for patients with hypertension, diabetes melli-
tus, or renal disease, with similar treatment bias effects 
and worse outcomes.

In this study, there was no separation of aspirin 
and P2Y12 inhibitors and there was no reporting of 
the extent of CAD; thus, the role of EBMs in patients 
with CAD compared with those without CAD cannot 
be determined. It is likely that the effect of treatments 
in these 2 situations will be different, and a division 
of T2MI into patients with and patients without CAD 
would likely advance our understanding of these 
different categories of patients. Also, occassionally, 
coronary angiography may demonstrate ruptured 
plaques with thrombus, changing the diagnosis from 
T2MI to T1MI and mandating the use of EBMs.

The COMPLETE (Complete Versus Culprit-Only 
Revascularization Strategies to Treat Multivessel 
Disease After Early PCI for STEMI [ST-Segment–
Elevation MI]) trial9 showed that PCI following STEMI 
or non–ST-segment–elevation MI of the nonculprit ar-
teries at a median follow-up of 3 years decreased car-
diovascular death and MI by 26%, from 10.5% to 7.8%, 
compared with PCI of only the culprit artery. There 
was also a significant reduction in MI alone, which 
was mostly type 1 (70%), by 49%, from 6.3% to 3.1%, 
with complete revascularization of nonculprit arteries. 
There were 29 T2MIs with no reduction with complete 
revascularization. Rates of myocardial injury were not 
reported.

TREATMENT OF MYOCARDIAL 
INJURY AND T2MI
The initial management should always be to reverse 
the triggering factor, be it hypertension, arrhythmia, 
hypoxemia, bleeding, or anemia (Figure). As the clinical 
diagnosis of T2MI means that there has not been an 
acute atherothrombotic event, dual antiplatelet therapy 
is not likely to be beneficial and could be harmful be-
cause of the risk of bleeding. Angiotensin-converting 
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enzyme inhibitors and β-blockers could be beneficial 
by reducing left ventricular remodeling. Trials are un-
derway to define the role of angiography and revascu-
larization in patients with T2MI.

If there is evidence of significant CAD by angiogra-
phy, patients with T2MI could be given statins, as they 
would be categorized in the recent European Society of 
Cardiology Lipid Guidelines as patients at high risk afer 
MI, albeit not patients with T1MI. The recommendation is 
to be on statins, with a goal of reducing the low-density 
lipoprotein cholesterol to <54 mg/dL and to <46 mg/dL if 
recurrent ischemic events occur within 2 years.10

On the basis that statin therapy is beneficial in  
patients with CAD, it would seem reasonable to perform 
invasive coronary angiography or computed tomographic 
coronary angiography to define the burden of CAD in  
many patients with T2MI, preferably beyond the time of 
increased risk of bleeding for the invasive approach.

The 2017 American Heart Association/American 
College of Cardiology clinical performance and quality 
measures for adults with STEMI and non–ST-segment–
elevation MI11 reported 17 performance measures and 
7 quality measures with the hope that they will improve 
quality of care and likely improve outcomes. The report 
was focused on T1MI, and there was no guidance for 
patients with T2MI.

Given the increasing prevalence of T2MI when up-
dating the existing STEMI/non–ST-segment–elevation 
MI measure set, consideration could be given to add-
ing T2MI treatment of the underlying cause (eg, anemia 
or tachyarrhythmias). In addition, consideration could 
be given to defining whether underlying CAD is pres-
ent (invasive angiography or computed tomographic 
coronary angiography), and if CAD is present, to rec-
ommending evidence-based treatments that are rec-
ommended for T1MI as well as specific requirements 
for coronary artery dissection, coronary artery embo-
lism, and MI with nonobstructive coronary arteries.

INCREASING RATES OF 
MYOCARDIAL INJURY AND T2MI
The increased use of high-sensitivity troponin tests 
will result in an increase in the diagnosis of T2MI. 
Myocardial injury is also likely to be diagnosed 
more frequently with detection of more instances of 
"nonischemic" myocardial damage. It is foreseeable 
that myocardial injury may become more common 
than T2MI or T1MI. Furthermore, the introduction 
of an International Classification of Diseases, Tenth 
Revision, Clinical Modification (ICD-10-CM) code for 
T2MI in October 2017 will likely increase the number 
of T2MIs. There is no coding for myocardial injury, 
which ideally would include the associations causing 
the injury.

Prevention of T2MI has been shown with the pro-
protein convertase subtilisin/kexin type 9 inhibitor aliro-
cumab.12 Other treatments that could be tested include 
anti-ischemic agents,  aldosterone antagonists, which 
have been shown in meta-analysis to reduce cardio-
vascular death and HF, and hospitalization in patients 
with HF and reduced ejection fraction, and post-MI, 
to reduce all-cause death.13 Sodium-glucose cotrans-
porter-2 inhibitors also could be tested as they have 
been shown in meta-analysis to reduce cardiovascular 
death/HF admissions in patients with HF and reduced 
ejection fraction.14

The current coronavirus disease 2019 pandemic 
has seen a dramatic increase in the incidence of myo-
cardial injury, with elevation of cTn levels being noted 
in 45.3% of patients positive for coronavirus disease 
2019.15 There are several possible reasons for this, in-
cluding cytokine storm, bradykinin storm, myocarditis, 
or MI. The incidence of T2MIs is unknown.

CONCLUSIONS
There have been few studies comparing EBMs and 
outcomes in patients with myocardial injury and pa-
tients with T2MI. The study by Kadesjö et al8 is impor-
tant, but the results should be considered hypothesis 
generating and the findings should be considered as-
sociations and not causations. The study does not 
change recommendations for treatments. Further re-
search is required to define strategies for prevention, 
diagnosis, and management of myocardial injury and 
T2MI.

There is much clinical ambiguity associated with 
determining whether an increased cTn level is attribut-
able to myocardial injury or T2MI. If there is an added 
insult of ischemia, T1MI or T2MI may be diagnosed. 
Physicians often conflate these diagnoses with T1MI 
and use EBMs developed from clinical trials performed 
with patients with T1MI.

Both injury and T2MI are increasing in frequency, 
and it is incumbent on physicians to recognize this. 
Management is not well defined and depends on clini-
cal judgment in the individual patient.
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