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Abstract: Cardiovascular disease (CVD) is the leading cause of death worldwide. Cardiac rehabilitation (CR)
has proven to be effective in reducing the rate of recurrence and disease as secondary prevention (evidence-
based intervention) in patients who have suffered from myocardial infarction (MI). CR is a multidisciplinary
path in which the patient is followed pharmacologically, from a psychological, nutritional, nursing and
physiotherapy point of view. Post-MI patients present a reduction in the performance of the diaphragm muscle,
the main inspiratory muscle, and this condition can become a risk factor for further relapses or for the onset of
heart failure. Despite the solidity of the international guidelines for CR, the latter are lacking in specifically
indicating an evaluation and training path regarding the inspiratory muscles in post-MI patients who have not
undergone cardiac surgery. The article reviews the information on the adaptation of the diaphragm post-MI
and highlights the need for clearer indications for a rehabilitation process that gives importance to the
diaphragm.
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Introduction

Cardiovascular disease (CVD) is the leading cause of death worldwide [1]. The number of
patients with CVD has nearly doubled over a 31-year period (1990, 271 million; 2019, 523 million),
with the number of deaths increasing from 12.1 million (1990) to 18.6 million (2019) [1]. Ischemic heart
disease (IHD) encompasses cardiovascular events such as acute myocardial infarction (MI), chronic
stable angina and chronic IHD, heart failure caused by IHD [1]. IHD stands at 49.2% of all deaths in
2019, with a higher disease propensity in men than women, and a higher mortality rate for men [1,2].

IHD (and stroke) are the most important causes of mortality and illness from premature
cardiovascular disease (pCVD). In 2019, the percentage of deaths from pCVD for men per 100,000
people was 22.7%, while for women it was 8.9% [2]. Risk factors involve metabolic and behavioral
factors (diabetes, obesity), as well as environmental causes (air pollution, non-optimal temperatures)
[2]. IHD was considered a fatal event related to more developed countries, while the most recent data
show heterogeneity at a global level [3].

In the 80s and 90s there was a reduction in the occurrence of myocardial infarction, while with
the most updated data, it seems that this cardiac event has reached a plateau, without further decline
[3]. Probably, the use of the Universal Definition of Myocardial Infarction (UDMI) which has
expanded and better-defined cardiac damage caused by the absence of oxygen, has considered
pathological events not included in the past decades [3]. Currently, the fourth UDMI divides
myocardial damage or MI as follows: the infarction is defined by the presence of cardiac troponin
(cTn) 99th percentile upper reference limit and can be acute (depending on variations in cTn), or
chronic (£20 % of cTn values) [4,5]. MI can be encountered as a spontaneous or peri-procedural event,
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with patients having CVD or non-CVD. MI caused by acute coronary stenosis in the presence of
plaque/thrombus or type 1; Type 2 MI when the heart's demand for oxygen does not meet an
adequate quantity of oxygen transported during stress (motor, emotional), regardless of the presence
or absence of plaque/thrombus [4,5]. When a cardiac patient dies with alteration of the
electrocardiogram, in the absence of blood tests, it is defined as type 3 MI. Type 4a MI when the event
occurs during a percutaneous coronary intervention procedure, type 4b MI when the event ischemic
is caused by an in-stent thrombus, and MI type 4c caused by a recurrence of stenosis or restenosis.
Finally, type 5 MI includes ischemia after coronary artery bypass grafting surgery, with cTn value
values greater than 10 times the 99th percentile upper reference limit and during the first two days
after surgery. Furthermore, type 5 MI must be diagnosed with instrumental tests, such as
angiography or echocardiography [4,5].

Other authors point out the need to further improve the definitions emerging from the fourth
UDM]I; the classification of type 2 MI may be inadequately specific from a phenotypic point of view,
or too complex to apply for a clinical setting [6,7].

The article reviews (narrative review) the information on the adaptation of the diaphragm post-
MI and highlights the need for clearer indications for a rehabilitation process that gives importance
to the diaphragm.

Rehabilitation after MI

Cardiac rehabilitation (CR) as secondary prevention (evidence-based intervention) in patients
who have undergone MI has proven effective in reducing the rate of relapse and disease [8,9]. CR is
a multidisciplinary path in which the patient is followed pharmacologically, from a psychological,
nutritional, nursing and physiotherapy point of view [9].

The rehabilitation approach is always individualized and based on the clinician's assessment;
the start of CR for patients with MI can occur as early as one week after the acute event [9]. There is
no single recommendation for the duration of CR. Generally, looking at recent literature, the average
duration is 8 weeks, with a weekly frequency of 2.5 days [10]. The pillar of CR is physical exercise
[8,9]. The rapid onset of CR allows for an improvement in left ventricular remodeling (increases the
percentage of ejection frequencies), with increases in cardiopulmonary performance [9].

Theoretically, through the pursuit of CR the patient can implement on average the capacity for
exercise tolerance from 6.5 to 7.5 metabolic equivalents of task or METs, values measured with
cardiopulmonary testing; one MET is 3.5 ml O2/kg/min or at 1 Kcal/kg/h [11]. Each gain of one MET
corresponds to a decline in causes of mortality of 8-26% [12]. CR can be divided into phase I
(inpatient), phase II (outpatient setting), phase III and IV, where the patient follows a training course
regardless of the presence of healthcare personnel [13].

For phase II, the literature recommends following an aerobic workout, using stationary bikes
and/or free body exercises, combining resistance training with exercises with machines or resistances
to be lifted. Aerobic work should be moderate to intense, for a minimum of thirty minutes and three
sessions per week [14]. This allows us to improve cardiac metabolism and cardiac perfusion, with
benefits to the endothelial structure and function of the microvascular system; positively changes
blood viscosity with antithrombotic effects [14]. Aerobic training could be organized as high-intensity
interval (HIIT), for more delicate patients (bedridden, advanced age, reduced ejection frequency); the
benefits are like continued training with less delicate patients [15]. Moderate-intense exercise is
aerobic work between 60% and 85% of maximum heart rate or corresponding to a Rating of Perceived
Exertion (RPE) value of 12-14 [16]. HIIT is cardiac work that reflects a maximum heart rate of 85-95%
or an RPE of 15-17, lasting 30 seconds up to 5 minutes; each set of HIIT is followed by 1-3 minutes of
moderate aerobic work (60-85%) [16]. Anaerobic activity should be integrated during the week with
aerobic training. The clinician should plan two-three weekly sessions for the patient to involve the
major muscle groups or according to the person's work or sporting needs. Sets should be between 1-
3, with 10-15 repetitions and a lifting intensity that reflects 30-80% of the patient's one-repetition
maximum (1RM), and an RPE that corresponds to 11-13 [16]. More specifically, for the upper limb
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muscles the load should be between 30-70% of 1RM, while for the lower limb muscles the expected
load should be 40-80% of 1RM [17].

The progression of aerobic and anaerobic workloads must be progressive and subjective [16].
The parameters to be used to implement intensity should be based on frequency, duration, amount
of work and type of exercise [17]. Furthermore, the amount of CR energy expenditure carried out by
the patient during the week should be around 1000-2000 kcal [17].

Currently, heterogeneity persists in the different CR centers, despite the current literature [18].
Furthermore, disparities in the use of CR are reported. The possibility of returning to work after an
MI and after 8 weeks of rehabilitation mainly involves males (78.9%), compared to women [14].
Patients with a body mass index (BMI) of > 25 kg/m2 appear to demonstrate better cardiovascular
improvements; furthermore, patients with a lower capacity to sustain physical exercise demonstrate
greater improvements compared to more conditioned people [14]. CR is like a drug, with systemic
and local effects, and considering the chronicity of the disease, physical activity should be carried out
throughout the patient's life.

Adherence

The literature demonstrates low adherence of patients with MI and CR (35% in the US, 30% in
European countries) [9]. It is estimated that in the most economically developed countries, only three
people out of 66 ischemic events access CR, while in the least economically developed countries, only
1 person out of 66 patients with MI follow a CR regimen [19]. The reasons for low adherence include
factors such as advanced age, low educational and economic status, decline in motor and cognitive
functions; difficulty accessing rehabilitation centers (distance or lack of means of transport), female
patients, the presence of multiple comorbidities, smoking [20]. Furthermore, a lack of information or
encouragement to participate in CR from the clinician can limit access to rehabilitation [19]. CR is not
able to express all the preventive potential for low adherence, even though rehabilitation is
considered by international guidelines as Level 1A [17,20].

Among the reasons that must be included to understand low adherence, there are the relative
and absolute contraindications that the clinician must follow. Absolute contraindications (unstable
angina, dyspnea on exertion and at rest, etc.) do not allow the patient to follow CR [21]. CR can be
performed on patients with a stable clinical picture, and not all patients who have undergone MI can
access rehabilitation immediately or in the long term. Probably, the unfavorable clinical situation can
discourage the patient from accessing CR, even if safe clinical stabilization could occur after a long
period of time.

To improve

In the most recent recommendations for CR, as in the guidelines of the European Association of
Preventive Cardiology, the American College of Cardiology and American Heart Association, no
specific indications appear for patients with MI which reflect the different classifications of the fourth
UDMI [17,22]. Furthermore, a deficiency to point out in these guidelines, which is the focus of the
article, concerns the absence of rehabilitation indications involving the respiratory muscles and, in
particular, the diaphragm muscle [9].

Non-conservative cardiology and diaphragm

In clinical practice it is not usual to evaluate the diaphragmatic status in clinical and
rehabilitation settings [24]. We know that an invasive approach in the cardiovascular field can cause
paresis, temporary or permanent. Paresis or simple diaphragmatic weakness can be found following
atrial fibrillation ablation, with a rate of 0.37-1.6%; phrenic nerve injury could be caused by electrical
or thermal damage, especially the right nerve [25]. Women have a greater risk of damaging the right
phrenic nerve during ablation (anatomical positional reasons of the nerve), the recovery of which for
both sexes can vary from three months to over a year [26]. A phrenic injury can occur with the
placement of a cardiac implantable electronic device for different reasons, such as phrenic
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compression due to hematoma formation, contact of the nerve with anesthesia, indirect contact with
the nerve (venous wall and a rigid catheter), or the presence of anatomical alterations [27,28]. The
detection rate of diaphragmatic injury is very low 0.63% and transient [28].

The negative involvement of diaphragmatic function after thoracic cardiac surgery has a higher
percentage, with a maximum value of 60% of patients undergoing surgery [29]. This condition is
often underestimated by the clinician [29]. Generally, it is the left phrenic nerve that is subject to
greater risk of damage, compared to the right phrenic nerve, with recovery between six and twenty-
four months after surgery [30,31]. The resulting elevation can be unilateral or bilateral (see Figure 1).
An interesting fact that emerged from a study with a follow-up of 131 months with 23 cardiac surgery
patients is that 26% worsened after a transient improvement in diaphragmatic function [31].

Figure 1. The image shows an elevation of both hemidiaphragms, in the presence of median

sternotomy and presence of subcutaneous pacemaker. A: frontal plane; B: sagittal plane.

We have no data on the adaptation of the vagus nerve in the crural portion of the diaphragm
after an invasive cardiac approach. Recall that the vagus nerve innervates the diaphragmatic
muscular area of the esophageal hiatus [32]. We have no data on the possible direct relationship
between left ventricular function and diaphragm function.

MI and diaphragm

Post-MI patients (and stable angina) have reduced muscular strength of the respiratory muscles,
that is, a reduced ability to generate the correct thoracic pressures measurable through a forced
inspiration against an occluded mouthpiece (maximal inspiratory pressure, MIP) [33]. MIP in
addition to the diaphragm muscle, it also involves other muscles involved in inspiration. An average
MIP of 80 cmH2O is considered a physiological value, while less than 80 cmH2O (for men) or less
than 70 cmH2O (for women), is equivalent to respiratory dysfunction [33].

In post-MI animal model, the diaphragm undergoes atrophy and decline in contractile force and
vascular alterations [34]. These adaptations occur within hours of the advent of MI and continue for
many months [35]. The reasons are multiple. Proteolytic mechanisms such as the caspase pathway
and the ubiquitin proteasome system (ubiquitin-ligase enzymes, muscle RING finger-1 and muscle
atrophy F-box), carbonylation by oxidation of contractile proteins and cytoplasmic proteins are
activated [34,35]. Within a few hours of MI, again on an animal model, the diaphragm loses 20% of
its contractile capacity, which value remains for several months post-MI [35]. Further studies are
necessary to know whether the adaptations on the animal model are the same or not on the human
model.
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This rapid adaptation could explain some symptoms reported by patients, such as dyspnea,
fatigue, and exercise intolerance [35]. The ubiquitin proteasome system has a close relationship with
the titin protein within the sarcomere, near the central I band, the Z disk and M band; the activation
of proteolytic signals alter the organization and function of the sarcomere, making the diaphragm
weaker [36]. Carbonylation negatively affects the myosin heavy chain (MHC) and actin, altering
contractile expression, proteins within the mitochondrion (aconitase, creatine kinase) and within the
cytoplasm (aldolase, enolase, carbonic anhydrase III, glyceraldehyde 3), making the diaphragm less
resistant [37]. Oxidation stimulates the activation of nicotinamide adenine dinucleotide phosphate
type 4 (NADPH oxidase-4 or NOX-4), which is found in the sarcoplasmic reticulum and mitochondria;
NOX-4 impairs mitochondrial function and calcium release within the cytoplasm, contributing, in
part, to diaphragmatic dysfunction [38]. It seems that the dysfunction particularly affects the IIb/x
fibers or anaerobic fibers [38]. Oxidation is accentuated by the fact that there is an accumulation of
iron within the fibers of the diaphragm and a concomitant decrease in the gene that synthesizes
transferrin [34].

An explanation for this adaptation could be linked to the increase in inflammatory cytokines
(tumor necrosis factor-alpha, interleukin-6, interleukin-1beta, angiotensin II) that flow from the heart
into the blood circulation, which inflammatory information can involve the diaphragm, creating a
deficient contractile environment [35]. IM creates a systemic inflammatory environment in the short
and long term, with proteolysis and diaphragmatic oxidation [35].

In post-MI patients (and in animal models), a non-physiological adaptation of the diaphragm is
therefore one of the important causes, in the short and long term, of fatigue, dyspnea, and impaired
airway clearance [35,38]. In animal models, MI causes alterations in numerous genes that concern
diaphragmatic function, of which 42 genes are increased and 70 genes are decreased [34]. In particular,
the genes responsible for stabilizing the synaptic plate and the muscle fiber decreased, but not the
growth factors such as brain-derived neurotrophic factors (BDNF). This could mean that there would
not be neurodegenerative damage, but an environment that favors neuromuscular remodeling [34].
There is a decrease in the genes that regulate the organization of membrane proteins
(sodium/potassium pump) and the release of calcium within the cytoplasm; the result is an alteration
of membrane excitability, with relative contractile dysfunction [34].

Some genes that regulate certain extracellular matrix proteins, such as elastin, are decreased after
MI, with a possible increase in stiffness and more fibrosis; this leads the muscle fiber to incorrectly
manage mechanometabolic/mechanotransductive information [34]. Some proteins that allow the
stabilization of the sarcomere, such as myomesin-2, and proteins involved in correct
mechanotransduction, such as the myocardial zonula adherens protein or MYZAP, are
downregulated. Furthermore, the contractile cell responds in a non-homogeneous manner with
additional gene responses to try to maintain structural stability as much as possible during workloads
[34]. Again, on an animal model, the genes that determine the metabolic response are in a precarious
balance, that is, it seems that the muscle fibers are in a state of "anabolic resistance", with resistance
to insulin. The cell does not appear to be in a metabolic context of atrophy but there appears to be
difficulty in repairing the fiber in physiological times; a drag on the inflammatory status [34]. We
know that after a MI, the sympathetic nervous system systemically increases [39]. The sympathetic
nervous system increases its activity on the diaphragm after MI, probably to improve
neurocoordination at the synaptic plate level [34,40].

The patient who undergoes post-MI CR has a dysfunctional diaphragm, and in this situation, a
reduced respiratory work capacity could be one of the causes favoring the development of heart
failure [35].

Diaphragm overload

The post-MI diaphragm appears to undergo work overload and resistance to anabolic signals
[34]. Comparing the concept of overload to motor skeletal muscles in a sporting context, we could
talk about overtraining syndrome (OTS), that is, the lack of time necessary for the restoration of
muscle structure and function after the management of a powerful stressor [41]. There are
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convergences between OTS and post-MI diaphragmatic dysfunction. In the presence of OTS there is
an increase in fibrosis of the extracellular matrix, a dysfunction of the neuromuscular junction, a
mitochondrial dysfunction, an increase in oxidation phenomena, ultrastructural disorganization of
the myofibrils [41]. The muscle seems to have to manage an inflammatory environment with an
elevation of cytokines, which are not necessarily found in the muscle, but at a systemic level; there is
a functional alteration of membrane proteins and the sarcoplasmic reticulum [41]. OTS presents
chronic muscular structural adaptations, similarly as the post-MI diaphragm. Furthermore, OTS
could create autonomic system dysfunction, as present in patients with MI [39,42].

The diaphragm is always under pressure. Let's consider that during a eupneic breath the
diaphragm is involved for 70% compared to other respiratory accessory muscles; other skeletal
muscles for motor actions are involved in a much smaller percentage, with loading and unloading
cycles, such as 1% of the extensor digitorum longus muscle and 14% of the soleus muscle [36].
Furthermore, when we are standing and moving, a third of the diaphragm is removed from
respiratory functions, as it is used for posture functions (intra-abdominal pressures) and to improve
neuromotor function (parasympathetic stimulation) [43,44]. When the diaphragm is not functionally
adequate, it can cause low back pain; this last symptom can be linked to the presence of coronary
heart disease, even if the reasons are not fully clarified [45,46].

In conditions of post-MI-related diaphragmatic dysfunction, we can assume that the portion of
the diaphragm involved in breathing is further reduced.

We might assume that a rehabilitation training for the diaphragm does not have to be intense
and should be organized with adequate rest between sessions. Not taking post-MI diaphragmatic
adaptation into account, a CR without adequate evaluation of the diaphragm and with demanding
workloads probably risks obtaining unfavorable results for the patient.

The cardiopulmonary test does not evaluate diaphragm function

The international guidelines for RC give strong indications on the fact that, before undertaking
a rehabilitation cycle, the patient must undergo a cardiopulmonary exercise test (CPET), measuring
peak oxygen consumption (VO2peak), both for people who will follow a procedure in specialized
centers and for physical activity carried out at home [17,47]. The test allows you to obtain data under
stress; the objective is to identify a suitable CR path for each patient [9]. The values taken from the
post-MI patient allow us to obtain data that can be prognostic [48]. Furthermore, the test is repeated
at the end or halfway through the rehabilitation process to monitor the results obtained or to increase
the training parameters, respectively. Typically, low exercise tolerance as assessed by CPET is
predictive of a higher rate of cardiac recurrence, regardless of the type of surgical or conservative
approach used to manage MI [48].

VO2peak is the result of cardiac output and peripheral tissue oxygen consumption. VO2peak
varies based on different factors such as age, gender, clinical and sporting history, body mass index;
the value may depend on the rheological parameters of the blood, the functional capacity of the
cardiovascular system and the lungs [48]. Furthermore, it is not so simple to deduce parameters for
prescribing the ideal aerobic intensity of a training process; with little value, however, for obtaining
data to set up resistance training [17]. If there are no concomitant pathologies, a diaphragm in
dysfunction but not paretic, does not affect CPET [49].

A tool that could be combined with CPET to have a greater information framework on
diaphragmatic function is the use of electromyography for the diaphragm muscle (EMGdi). EMGdi
during the test does not correctly distinguish the influence of other muscles, such as the scalene and
external intercostal muscles [50].

To obtain parameters more representative of the post-MI diaphragmatic function

Considering that Ml is the acute expression coming from chronic pathological adaptations, we
do not know what happens to the diaphragm muscle before the infarction occurs. We have no data
on the diaphragm in patients who are at risk of MI, excluding the presence of concomitant pathologies
that may already have induced adaptations.

In the presence of risk factors for the onset of MI in a patient, the function of the diaphragm
should be verified but, currently, we are not in the clinical habit of evaluating this muscle. A low MIP
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value is a risk factor for developing MI and one of the causes of mortality in cardiovascular diseases;
in patients with chronic heart failure, it is a negative prognostic indicator of survival [24,33]. Over
time, a low MIP value negatively impacts lung function [33].

Improving the function of the diaphragm and MIP muscle allows us to increase the survival rate
in patients with cardiovascular diseases [33]. A properly functioning diaphragm positively influences
cardiac function, decreasing the need for contractile force of the cardiac chambers during inhalation
and exhalation: it improves and facilitates venous (and lymphatic) return; helps regulate left
ventricular afterload; influences pericardial pressures; positively affects the heart rate rhythm (HRV);
it is essential for regulating baroreceptor information [24].

There are many evaluations that can be carried out to try to understand the function of the
diaphragm, both functional and imaging. In addition to the instrumentation that evaluates the MIP,
there is the sniff test or sniff nasal inspiratory pressures (SNIP) which can be measured with a digital
manovacuometer. From this instrumentation it is possible to calculate the values of the pressures
generated by the diaphragm (force) at the gastric (sniff Pga), esophageal (sniff Poes) and
transdiaphragmatic (sniff Pdi) levels [51]. There is no gold standard reference for comparing SNIP
values but a diaphragm that is not in dysfunction could have values of 52-150 cmH2O for sniff Poes,
values of 82-204 cmH2O for sniff Pdi and values of 68-62 cmH2O for sniff Pga [51,52].

Tests for electrical or magnetic stimulation of the phrenic nerve for the diaphragm can be used,
evaluating the response at rest or under stress, but these approaches are not always easy to find in
clinical practice [29,51,53]. Electromyography can be used during instrumental examinations to
obtain additional information [51].

Instrumental tests to evaluate the image of the diaphragm, thickness, and movement that the
clinician can use include fluoroscopy, magnetic resonance tomography, computed tomography, chest
x-ray [53].

A simpler instrument that is more easily found in a rehabilitation context is ultrasound. On
ultrasound examination the diaphragm appears as a thin hypo-echoic layer between two hyperechoic
lines, which represent the peritoneal fascia and the pleura [29]. With an unforced breath and in the
supine position, the right hemidiaphragm lowers by about 2 centimeters and with a thickness of
about 22 millimeters on average (about 20 millimeters at the end of the exhalation), and with a total
descent and ascent of approximately one and a half seconds for each breath (in total about 3 seconds
for a eupnoeic breath) [29]. Typically, an unforced movement of the diaphragm below 1.5-2
centimeters could be considered as a muscle in dysfunction [29]. By averaging the thickness
(thickening fraction, TF) between contraction and relaxation (inhalation and exhalation, respectively),
it is possible to identify percentages of functionality. An average TF below 20% is most likely an
indication of diaphragmatic paresis; a TF of approximately 20-36% could be a sign of a dysfunctional
diaphragm [54]. The value of ultrasound measurements represents 93% of the sensitivity and 100%
of the specificity in the detection of diaphragmatic problems [55]. Echocardiography could be used
as a routine in the rehabilitation process to monitor the progress of thickness and function of the
diaphragm muscle.

Spirometry is not of much value in establishing only diaphragmatic dysfunction, but rather
frank lesions of the diaphragm. Weakness of the breathing muscles can lead to spirometric results
that indicate a restrictive pattern; the FEV1-FVC ratio does not undergo large variations [55]. A value
that could be indicative of respiratory muscle suffering is the decrease in forced vital capacity or FVC,
but it remains a non-elective test to understand diaphragmatic dysfunction [56].

In the literature we can find some non-instrumental evaluation strategies, such as palpation of
the different parts of the diaphragm and the related evaluation scale, and a motor test that the patient
can carry out to understand if the diaphragm is correctly inserted in the neuromotor context [57-59].

Diaphragm muscle training

We do not have sufficient data to have gold standard indications on diaphragm muscle training
in post-MI patients [17]. As we propose, other authors support the usefulness of a clinical assessment
of the respiratory muscles before starting CR and adding specific exercises for the diaphragm
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(inspiratory muscle training, IMT) to the rehabilitation process in post-MI patients; these two
strategies should be routine [33].

A study with post-MI patients (seems to be the only one in the literature), following a CR and
training for the respiratory muscles (via devices with incremental resistances, based on the MIP
percentage, with loads of 30-60%), compared to the group of patients who performed CR without
IMT, had broader general performance parameters (METs, MIP, lower limb muscle strength) [60].

Some data show that patients undergoing cardiac surgery, following the addition of specific
exercises for the respiratory muscles (not well specified), compared to just carrying out usual
rehabilitation training, had improved functional parameters of the diaphragm. Thickness, contraction
speed and range of motion increased, with a higher TF value [29]. Not all patients are able to
adequately recover diaphragmatic contractile function, and this could negatively impact the success
of CR [29]. IMT appears to have many beneficial effects even in patients with chronic heart failure
(CHF). A recent study highlighted the actual usefulness of adding IMT (device with inspiratory
resistance corresponding to 30% of the baseline subjective MIP) to the usual CR, compared to training
alone without IMT: all the parameters measured at the start increased, such as the MIP, resting heart
rate and better blood pressure values, heart rate reserve, higher score in health-related quality of life
and in the Minnesota Living with Heart Failure Questionnaire [61].

We need to have further and larger studies to understand the real benefits with IMT in post-MI
patients. We need to understand how to organize breathing training, such as the number of sessions
per week, the number of repetitions and sets, as well as the total training time and breaks between
sets, rest time between sessions and the other. We need to understand whether it is better to use an
incremental load in inspiration using the percentage of the baseline MIP value, or it is better to use
an incremental load based on the heart rate derived from the CPET. What type of training to follow:
aerobic; aerobic and anaerobic; HIIT.

As underlined in the text, a reduction in inspiratory capacity is a risk factor for relapse or
worsening of the cardiovascular condition. Recent data highlight an increase in pneumonia (2-7%) in
post-MI patients, probably related to the presence of diaphragmatic dysfunction [62]. Further
research efforts must be made to determine the best responses to achieve maximum patient clinical
benefits during CR.

Conclusions

Cardiac rehabilitation (CR) has been shown to be effective in reducing the rate of recurrence and
disease as secondary prevention in patients who have undergone MI. CR is a multidisciplinary path
in which the patient is followed pharmacologically, from a psychological, nutritional, nursing and
physiotherapy point of view. Patients who have suffered from MI (and stable angina) have reduced
muscular strength of the respiratory muscles, that is a reduced ability to generate the correct thoracic
pressures measurable through a forced inspiration against an occluded mouthpiece (maximal
inspiratory pressure (MIP). We know that a reduced diaphragmatic contractile capacity can be a risk
factor for recurrent MI and heart failure. International guidelines do not give specific indications on
inspiratory/diaphragm muscle training in post-MI patients. Research should make further effort to
better frame the respiratory rehabilitation process in this type of patients and give more robust
indications on the initial evaluation of the diaphragm before undertaking the rehabilitation process.
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