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Abstract

Heart Team emerged as an important tool in the cardiovascular care, improving
the efficiency of decision-making process. In addition to the benefits in patient
care, it symbolizes a new culture and mindset. However, beyond the clinical
condition, in low/middle-income countries other concerns arise regarding
patient's background and these demands are, usually, as challenging as the
medical treatment. New models have been proposed face these demands and to
assure a holistic care by Integrated Practice Units. Optimization and reorgan-
ization of already existing resources and promotion of interdisciplinary and
holistic care may be an effective manner to improve outcomes despite
socioeconomic barriers.

Key Words: Heart team; Interdisciplinary; Integrated practice units; Cardiovascular;
Perioperative; Surgery
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Core Tip: Despite emerging technologies and advanced devices, the real-world situation
of low- to middle-income countries presents several socioeconomic concerns that
jeopardize patients and, consequently, resources and outcomes. Our pioneer project
"interdisciplinary heart team and integrated practice unit" emerged as a means by
which to address these demands by prioritizing the management of existing resources.
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INTRODUCTION

Heart Team (Table 1) emerged as an important tool in the cardiovascular care,
improving the efficiency of decision-making process[1,2]. This multidisciplinary team-
based approach has been used for decades in fields as oncology[3] and organ
transplantation[4,5] to deliver the best patient care. Although is not a new concept, the
term Heart Team was incorporated in the cardiovascular care since the publication of
SINTAX Trial[6] and, more recently, the PARTNER Trial[7]. Both trials used a collab-
orative team-based approach to decide the better strategy to the myocardial revascu-
larization (surgical or percutaneous) or valvular replacement (surgical or
transcatheter), respectively.

Using the theory of Venn diagrams[8], this expertise’s overlap among different
specialties may improve the challenging decision-making process. In addition to the
benefits in patient care, the Heart Team also promotes continue education[1,9] through
the share-of-knowledge and the built of respect, trust and lasting professional
relationship between its members. Besides, the interdisciplinary rounds[10,11] and the
incorporation of new devices[12] has been currently used in intensive care medicine
[13], reducing miscommunication and improving the comprehension of goals by all
team members and patient/family satisfaction[14].

More than a medical multi-specialty interaction, it symbolizes a new culture and
mindset, and it has been adopted in many cardiology fields as cardio-obstetrics[15-
17], heart failure[18], valvular disease[19-21] and coronary artery revascularization[3].
Furthermore, recently published professional societies guidelines for valvular[22-24]
and coronary diseases[25] includes the Heart Team as pivotal to both clinical and
interventional therapeutic strategies, especially in complex or high-risk patients.

Beyond the clinical condition, in low/middle-income countries other concerns arise
regarding patient's background and these demands are, usually, as challenging as the
medical treatment[26]. Notedly on valvular disease, the socioeconomic circumstances
are crucial. Low scholarity, malnutrition, limited access to the primary care, a high
prevalence of rheumatic fever, management of anticoagulation and delayed time
referral to cardiac surgery are some of these concerns[27]. To face these demands, new
models have been proposed[28] to assure a holistic care by Integrated Practice Units[29].

Our institution is the public biggest cardiovascular center in Latin America, and,
beyond the traditional Heart Team, a pioneer interdisciplinary perioperative project
coordinated and supported by the Management Executive Direction has been
implemented in our Valvular Diseases Unit to optimize resources and improve
outcomes. Since 2018, are part of this Interdisciplinary Heart Team the cardiovascular
surgeon, clinical cardiologist, anesthetist, nursing, psychologist, nutritionist, physio-
therapist, welfare service and pharmacists. Beyond these professional, we count on a
management team responsible for the logistics to optimize further necessary exams,
team re-evaluation and surgical scheduling. Before referral to surgery, all-team come
together to expose and solve each patients' demands. If no concerns are pending,
patient is referred to waiting surgery list.

On the procedure eve the entire preoperative routine is checked by clinician,
surgeon and nursing. The intraoperative and intensive care unit, patient is under care
according to the clinical, safety and handover protocols. In the ward, besides daily
assessment, every patient is reviewed by the entire Interdisciplinary Heart Team.
Forecast of hospital discharge, referral to backup hospitals and other demands are
discussed. At the hospital discharge, nursing and medical team provide guidance to
patients and schedule the postoperative return visit consultation.

CONCLUSION

Even with an unfavorable profile (high proportion of rheumatic disease, redo
procedures, multivalvular disease and advanced heart failure status) preliminary
results demonstrated reduction of waiting for surgery time and lowering mortality
rates. As part of an upper-middle income country, optimization and reorganization of
already existing resources and promotion of interdisciplinary and holistic care may be
an effective manner to improve outcomes despite socioeconomic barriers. There is
always a manner to the improvement.
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Table 1 Members of the interdisciplinary heart team responsible to solve patient's demands before they are referred to waiting surgery

list

Interdisciplinary heart team members

Clinical cardiologist Cardiovascular surgeon

Anesthetic Nursing

Management team Welfare service

Psychologist Physioterapist

Nutritionist Pharmacist
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Abstract

Chagas heart disease (CHD) affects approximately 30% of patients chronically
infected with the protozoa Trypanosoma cruzi. CHD is classified into four stages of
increasing severity according to electrocardiographic, echocardiographic, and
clinical criteria. CHD presents with a myriad of clinical manifestations, but its
main complications are sudden cardiac death, heart failure, and stroke.
Importantly, CHD has a higher incidence of sudden cardiac death and stroke than
most other cardiopathies, and patients with CHD complicated by heart failure
have a higher mortality than patients with heart failure caused by other etiologies.
Among patients with CHD, approximately 90% of deaths can be attributed to
complications of Chagas disease. Sudden cardiac death is the most common cause
of death (55%-60%), followed by heart failure (25%-30%) and stroke (10%-15%).
The high morbimortality and the unique characteristics of CHD demand an
individualized approach according to the stage of the disease and associated
complications the patient presents with. Therefore, the management of CHD is
challenging, and in this review, we present the most updated available data to
help clinicians and cardiologists in the care of these patients. We describe the
clinical manifestations, diagnosis and classification criteria, risk stratification, and
approach to the different clinical aspects of CHD using diagnostic tools and
pharmacological and non-pharmacological treatments.

Key Words: Chagas disease; Diagnosis; Treatment; Heart failure; Arrhythmia; Stroke
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Core Tip: Chagas heart disease (CHD) is associated with high mortality and a myriad of
clinical manifestations, including bradyarrhythmias, tachyarrhythmias, stroke, heart
failure, and sudden death. Therefore, adequate care of these patients requires careful
follow-up, clinical stratification, and knowledge of possible CHD complications and
their treatment. In this review, we present the most up-to-date available data to
optimize the care of these patients. We describe the clinical manifestations, diagnosis
and classification criteria, risk stratification, and approach to the different clinical
aspects of CHD using diagnostic tools and pharmacological and non-pharmacological
treatments.
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INTRODUCTION

Chagas disease (CD) is responsible for the highest economic and health burden among
parasitic diseases in the Western hemisphere[1]. It is caused by the protozoa
Trypanosoma cruzi (T. cruzi), which infects 6 to 7 million people worldwide[2].
Although it has usually been confined to endemic rural areas in Latin America,
migration movements have caused the urbanization of the disease, followed by its
spread to other continents. Currently, CD is not only a major cause of death in
endemic countries[2], but is also an important cause of morbidity and mortality among
immigrant populations in non-endemic countries, such as Spain and the United States
[3]. At least 300000 up to 1000000 people living in the United States have chronic CD
[4]. Most of them are unaware of their condition but are at risk of developing Chagas
heart disease (CHD). For instance, among relatives of patients with CD in California,
7.4% had CD diagnosed after a screening test[5]. The same situation may be
reproduced in other countries where significant migration movement from Latin
American countries occurred. In Europe, there is an estimated 120000 people living
with CD, around 43% of which are in Spain[6], with a prevalence of T. cruzi infection
among Latin American migrants of 6.08%[7].

The main route of transmission in people born in endemic areas is vector-borne
transmission. However, food-borne transmission has recently become a concern in the
Amazon region, with an increasing number of acute CD cases[8]. Other routes of
transmission may occur in endemic and non-endemic countries, including blood
transfusion, congenital, and organ transplantation. Adequate control measures can
decrease the risk of transmission by all of these routes; however, patients who are
already infected require proper care to prolong their lives, prevent complications, and
improve quality of life.

CHD pathophysiology is influenced by parasite persistence, together with an
inflammatory response that leads to chronic fibrosing myocarditis, ventricular
remodeling, and damage to the electrical conduction system[1,9]. There is evidence
that an imbalance favoring an inflammatory response against persistent parasites
within the myocardium is one of the main mechanisms for CD progression[10,11].
Other possible mechanisms involved in CD progression include coronary micro-
vascular disease and cardiac autonomic dysfunction[12]. Ultimately, patients will
present with a myriad of clinical manifestations, including bradyarrhythmia, tachyar-
rhythmia, cardioembolic events, heart failure (HF), and sudden death[1,9,12,13]. They
present with a high 10-year mortality rate, ranging from 10% in the low-risk group to
84% in the high-risk group[14]. Sudden cardiac death is the main mode of death,
followed by HF and stroke[1,9,12]. Importantly, CHD has a higher incidence of sudden
cardiac death and stroke than most other cardiopathies, and patients with CHD
complicated by HF have a higher mortality than patients with HF caused by other
etiologies[15,16].
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Specific CD treatment with trypanocidal drugs is indicated during the acute phase
of the disease or in cases of reactivation that may occur due to immunosuppression[9].
In patients with chronic indeterminate CD, trypanocide treatment should also be
offered because it decreases the rate of CD progression[17,18], the occurrence of a
composite outcome of clinical events (HF, stroke, or device implantation with a
pacemaker or implantable cardioverter defibrillator)[17], and the risk of congenital
transmission. However, in patients with CHD, trypanocide treatment was not
associated with improved outcomes[19]. Therefore, the care of patients with CHD
relies on measures to prevent or treat CHD complications to improve their survival
and quality of life. In this review, we present the most up-to-date available data to
help clinicians and cardiologists in the care of these patients. We describe the clinical
manifestations, diagnosis and classification criteria, risk stratification, and approach to
the different clinical aspects of CHD using diagnostic tools and pharmacological and
non-pharmacological treatments.

DEFINITION AND DIAGNOSIS CRITERIA

CD presents with two distinct temporal phases: acute and chronic. The acute phase
begins soon after infection, presenting with fever and systemic symptoms, inflam-
matory physiopathogenesis, and intense parasitemia. Meanwhile, the chronic phase
begins after regression of the acute phase and remains throughout life. It is charac-
terized by fibrosis as the main physiopathogenic mechanism and progresses with no
or extremely low parasitemia[l,9]. The chronic phase is comprised of three well-
defined clinical forms: The first, affecting approximately 60% of patients, is the
indeterminate form, which is classically characterized by the absence of symptoms and
signs, with no changes identified on electrocardiography (ECG), chest radiography,
and gastrointestinal tract examinations; the second is the cardiac form, which presents
with rhythm and/or conduction disorders, segmental (most frequent) or global left
ventricular (LV) systolic dysfunction with or without HF, and/or thromboembolic
events; and the third is the digestive form, which presents with esophageal and
intestinal peristaltic dysfunction, with symptoms related to megaesophagus and
megacolon[9].

The first study that described CHD was published by Carlos Chagas and Eurico
Villela in 1922[20]. This study presented a new cardiopathy observed in 63 patients
with CD. It was associated with rhythm and conduction disorders. In the 1940s, Dias et
al[21] and Laranja et al[22] defined the first clinical criteria for CHD and presented it as
a well-defined clinical entity that could be distinguished from other chronic heart
diseases, in addition to particular ECG changes that were not found in the analysis of
similar groups with other heart diseases. In 1956, Dias et al[23] presented a pioneering
study on an extensive series of patients with CHD from endemic areas, in which they
consolidated the histopathological, clinical, and ECG criteria that define this heart
disease.

CHD is one of the most frequent and severe clinical presentations of the chronic
phase of CD. It is responsible for significant morbidity and mortality[14]. Classically,
CHD is diagnosed when the patient presents with a positive serological or parasito-
logical test for T. cruzi and ECG shows typical CHD changes in the absence of other
heart diseases that may cause these changes[9]. However, patients with the
indeterminate form based on ECG criteria may present with wall motion abnormalities
in 13% of echocardiograms[24]. Therefore, others use ECG, clinical and echocardio-
graphic criteria to categorize patients into those with definite, probable, and possible
CHD diagnoses[25]. The possible presence of wall motion abnormalities in patients
with normal or nonspecific changes on ECG indicates that at least one echocardiogram
should be obtained for all patients with CD[1]. However, at the primary care level in
places with limited access to health resources, the echocardiogram may be postponed
until typical CD changes appear on ECG[9].

The ECG changes considered typical (definitive CHD) were systematized by Biolo et
al[26] and included second- and third-degree right bundle branch blocks, whether or
not associated with a left anterior fascicular block; frequent polymorphous or
repetitive ventricular premature beats (VPBs) > 1 on ECG; nonsustained ventricular
tachycardia (VT); second- and third-degree atrioventricular blocks; sinus bradycardia
with a heart rate < 40 beats/min; sinus node dysfunction; second- and third-degree left
bundle branch blocks; atrial fibrillation; and electrical inactive segment and primary
ST-T wave changes. Nonspecific (non-definitive CHD) changes on ECG include sinus
bradycardia with heart rate > 40 beats/min; low voltage QRS; nonspecific ST-T wave
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changes; first-degree right bundle branch block; left anterior fascicular block; isolated
VPBs; and first-degree atrioventricular block.

CHD CLASSIFICATION

There are several different classification systems for chronic CD that share some
similarities, such as the use of ECG and echocardiographic findings as classification
criteria, but also disparities that make comparisons between clinical studies and
management guidelines complicated. Moreover, current classifications share similar
codes for strata classification but with different meanings, which can lead to
difficulties when comparing clinical studies and discussing cases. Furthermore, several
studies classify patients as symptomatic or asymptomatic. This specific classification is
troublesome, as the “asymptomatic patient” class includes patients with both
indeterminate and cardiac forms at earlier stages, with isolated changes on ECG or
wall motion changes on echocardiography but no HF symptoms.

Here, we will discuss five CD classifications: the Kuschnir classification[27], the
Brazilian Consensus on Chagas Disease[9], the modified Los Andes classification[28],
the Latin American Guidelines[12] and the American Heart Association (AHA)
Statement[1]. They take into account the ECG, chest radiography, echocardiogram,
and clinical symptoms of HF, including the New York Heart Association (NYHA)
functional class, which have implications on patient prognosis. All of them have some
limitations in identifying the risk of events other than HF, such as cardioembolism or
sudden cardiac death. In fact, HF is the focus of the question in all these scales.
However, sudden cardiac death is a relevant mode of death in CD and manifests
frequently without previous symptoms or even without severe LV systolic dysfunction
[29].

The Tables 1-5 show the description of these five classifications. Figure 1 presents
these different classification systems to facilitate their understanding and shows a
comparison of the results from different clinical studies. We assumed that patients
with an enlarged heart on radiography would have an abnormal LV ejection fraction
to be able to include the Kuschnir classification in Figure 1. However, the Los Andes IB
group cannot be compared to other classifications, as it is comprised of patients with
normal ECG and abnormal echocardiogram.

It would be interesting to evaluate the discriminatory capacity of each classification
system in relation to prognosis. The Kuschnir classification[27] considers only the
findings on ECG, radiography, and clinical symptoms, without echocardiogram
findings. Therefore, patients with echocardiographic findings, such as mild LV systolic
dysfunction, aneurysms, and LV wall motion changes, who have a worse prognosis
than patients with isolated ECG changes are not discriminated by this classification.
Furthermore, this classification loses the ability to stratify the severity of heart disease.

The Brazilian Consensus Classification[9] was designed to classify patients with
CHD into stages with prognostic value. It includes patients with abnormal ECG, since
patients with normal ECG findings might have a similar prognosis and risk of death as
the population without CD. The classification was derived from a cohort study that
observed that global LV systolic dysfunction and HF were the most important markers
of prognosis. The mortality rates in 5 years were as follows: stage A, 13%; B (1 and 2),
45%; C, 91%; and D, 98%. Since the difference between stages B and C was significant,
stage B was divided into Bl and B2, with a cut-off point at an LV ejection fraction of
45%[9].

The Los Andes classification is divided into four categories. However, two of them
include a normal ECG and may have a similar prognostic value. In addition, patients
with an abnormal ECG and/or changes in echocardiogram were grouped together in
the same stage (stage II), although patients with isolated changes on ECG have a better
prognosis[9].

The Latin American Guidelines Classification includes patients with normal ECG
(indeterminate chronic form) in stage A. Stage B1 includes those with abnormal ECG
and mild echocardiographic alterations in the same group, which decreases the
potential for stratification of the classification. The other stages consider the presence
of systolic ventricular dysfunction and HF symptoms to discriminate the different
prognostic stages (stages B2, C, and D)[12].

The AHA statement classification describes stage A as an indeterminate chronic
form without cardiac or digestive abnormalities. Stage Bl includes patients with
segmental contractility abnormalities and normal or altered ECG, which mixes
different prognoses in the same group. In addition, stage B2 includes patients with
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Table 1 Kuschnir classification (1985)[27]

Classification ECG X-ray / cardiac symptoms

0 Normal ECG findings Normal heart size (on chest X-ray)
I Abnormal ECG findings Normal heart size (on chest X-ray)
I Left ventricular enlargement

I Congestive heart failure

ECG: Electrocardiogram.

Table 2 Brazilian consensus classification[9]

Classification ECG Echocardiogram HF
A Abnormal No LV wall motion abnormalities No
Bl Abnormal LV wall motion abnormalities with LV ejection fraction (LVEF) > 45% No
B2 Abnormal LV wall motion abnormalities with LVEF <45% No
Abnormal LV wall motion abnormalities Compensated HF
D Abnormal LV wall motion abnormalities Refractory HF

ECG: Electrocardiogram; HF: Heart failure; LV: Left ventricular.

Table 3 Modified Los Andes classification[28]

Classification ECG Echocardiogram HF
IA Normal Normal No
1B Normal Abnormal No
I Abnormal Abnormal No
111 Abnormal Abnormal Yes

ECG: Electrocardiogram; HF: Heart failure.

Table 4 | Latin American guidelines[12]

Classification ECG /X-ray Echocardiogram HF

A No structural heart disease (normal _ No
ECG and chest X-ray)

Bl ECG changes (arrhythmias or Mild contractile abnormalities with  No
conduction disorders) normal LVEF
B2 Decreased LVEF No
Decreased LVEF Prior or current symptoms of HF
D Symptoms of HF at rest, refractory to maximized medical

therapy (NYHA functional class IV).

ECG: Electrocardiogram; HF: Heart failure; LVEF: Left ventricular ejection fraction; NYHA: New York Heart Association.

mild and severe systolic dysfunction, which also results in a heterogeneous group with
different therapeutic approaches and prognoses[1].

We adopted the Brazilian Consensus Classification throughout this review, as we
understand that CHD is better stratified into stages of increasing severity and
worsening prognosis by this classification system.
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Table 5 American Heart Association Statement[1]

— . Digestive
Classification ECG/ Echocardiogram HF g
changes
A (Indeterminate form - patients Normal ECG Neither structural cardiomyopathy or HF No
at risk for developing HF) symptoms

Bl

B2

Structural cardiomyopathy evidenced by ECG or Neither current or previous signs and symptoms of
echocardiographic changes with normal LVEF HF

Structural cardiomyopathy characterized by Neither current or previous signs and symptoms of
decreased LVEF HF
LV systolic dysfunction Current or previous symptoms of HF (NYHA

functional class I, II, II, or IV)

Refractory symptoms of HF at rest despite
optimized clinical treatment requiring specialized
interventions.

ECG: Electrocardiogram; HF: Heart failure; LVEF: Left ventricular ejection fraction; NYHA: New York Heart Association.

Classification

Kuschnir

Brazilian

Los Andes

Latin American

AHA Statement

No ECG changes

ECHO changes Heart failure

ECG changes No LV dysfunction LV dysfunction  Non end stage End Stage

0 I II II1
Indeterminate A B1 B2 C D
IA II II1
A B1 B2 C D
A B1 B2 C D

Figure 1 Schematic representation of the different classification systems of Chagas disease. We assumed that patients with an enlarged heart on
chest radiography would have left ventricular systolic dysfunction on echocardiography in order to be able to compare all classifications.

Jaishideng®

ROUTINE ASSESSMENT AND FOLLOW UP

The clinical management of patients with chronic CD should consider the various
forms of the disease. Clinical procedures, guidelines, directives, and protocols have
been presented in the last decade to improve the comprehensive approach to CD in
terms of patient care at the primary, secondary, and tertiary levels[9,12,30,31].

Patients with CD should be clinically evaluated and should undergo an ECG to
diagnose CHD. In cases of CHD, it is necessary to identify the degree of myocardial
involvement, determine clinical prognosis with emphasis on stratification of the risk of
death, and initiate pharmacological management. Patient education should be part of
the patients’ integrative care.

The initial diagnostic evaluation of patients with CHD includes clinical, epidemi-
ological, and social evaluation[9,32], which is comprised by their medical history,
physical examination, and collection of epidemiological and social data. General
laboratory evaluations include complete blood count, biochemistry, electrolytes, liver
function, and lipid count tests. This initial evaluation is important to identify possible
comorbidities, such as essential arterial hypertension, diabetes mellitus, dyslipidemia,
obesity, kidney failure, and thyroid disorders. Specifically, B-type natriuretic peptide
(BNP and NT-ProBNP) analyses may be useful for diagnosing HF in clinically
suspected patients, as well as to define the prognosis[33]. Imaging tests include
posteroanterior and lateral chest radiography with the contrasted esophagus, ECG,
echocardiography, 24-h Holter monitoring, and cardiac stress test. In the context of
primary care and the presence of a normal ECG, echocardiography is not mandatory
[9]. In case of ECG changes, an echocardiogram and Holter monitoring are mandatory.
If the initial diagnostic evaluation suggests CD with digestive involvement, the patient
can be referred for a radiologic contrast study of the esophagus and/or colon, upper
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digestive endoscopy, and/or colonoscopy. Patients with a previous history or
symptoms suggestive of coronary disease and/or ECG changes compatible with
ischemic heart disease should be investigated with diagnostic tests as recommended in
specific guidelines. It is important to emphasize that the accuracy of functional tests
(cardiac stress test and myocardial scintigraphy) for diagnosing coronary disease is
reduced in patients with CHD, and preference is given to invasive (coronary cinean-
giography) or noninvasive (coronary computed tomography angiography) anatomical
tests, which are the best choice according to the estimated pre-test probability of
coronary disease.

During routine follow-up, it is essential to characterize and monitor the NYHA
functional class. In CHD staging, the algorithm used to evaluate patients with CD is
based on ECG and echocardiogram[9]. Asymptomatic patients with ECG changes and
normal echocardiograms are included in stage A CHD. Follow-up should be
maintained at the primary care level, and patients should undergo ECG annually and
echocardiography every 2 years. Asymptomatic patients with ECG changes presenting
with LV wall motion changes and LV ejection fraction > 45% are included in stage B1
CHD. Follow-up should be maintained at the primary care level, and patients should
undergo ECG annually and echocardiography every 2 years or whenever clinical
progression is suspected. Asymptomatic patients with ECG changes and LV ejection
fraction < 45% are included in stage B2 CHD. Patients should be referred to the
secondary care level, with consults every 3-4 mo, and ECG and echocardiograms
performed annually or whenever there are clinical changes. Patients with HF
symptoms responsive to treatment are included in stage C CHD and should also be
referred to the secondary care level, with consultations every 3 mo, and ECG and
echocardiograms performed annually or whenever there are clinical changes. Patients
with HF symptoms refractory to conventional treatment are in stage D CHD and
should be referred to the tertiary care level. The need for other procedures, such as
cardiac resynchronization[34], cardiopulmonary rehabilitation program([35], use of
new pharmacological drugs[36], and heart transplantation[37] should be evaluated.

Risk stratification in CHD aims to identify patients with increased mortality risk in
order to define therapeutic interventions and closer surveillance. The most powerful
predictor of CHD is LV systolic function. The Rassi score is the most commonly used
risk score, which includes six independent prognostic factors: NYHA class III or IV (5
points), increased cardiothoracic ratio on chest radiography (5 points), LV systolic
dysfunction on echocardiography (3 points), nonsustained VT on 24-h Holter
monitoring (3 points), low QRS voltage on ECG (2 points), and male sex (2 points)[14].
Patients were classified into three risk groups: low risk (0-6 points), intermediate risk
(7-11 points), and high risk (12-20 points). The 10-year mortality rates for these three
groups were 10%, 44%, and 84%, respectively[14]. Other risk score has recently been
proposed, including age (10 points per decade), NYHA functional class higher than I
(15 points), heart rate > 80 beats/min (20 points), QRS duration = 150 ms (15 points),
and abnormal NT-proBNP adjusted by age (55 points). The patients were classified
into three risk categories at baseline (low, < 2%; intermediate, 2 2% to 10%; high, >
10%). The observed mortality rates in the low-, intermediate-, and high-risk groups
were 0%, 3.6%, and 32.7%, respectively[38]. Both scores[14,38] underwent external
validation and used all-cause mortality as the endpoint. However, the mechanisms
underlying the three main modes of death in CHD may influence the risk scores.
Therefore, other scores have been proposed to assess the risk of specific modes of
death in CHD. Our group published a score to predict sudden cardiac death based on
clinical, echocardiographic, and ECG data, which classifies patients into low,
intermediate, and high risk of sudden death[29]. Similarly, our group also proposed a
score to identify CHD patients at higher risk of stroke, which includes four variables:
LV systolic dysfunction, apical aneurysm, primary ST changes on ECG, and age > 48
years[39].

Many other predictors of poor outcomes in CHD have been published, including
right ventricular (RV) systolic dysfunction[40], left atrial (LA) volume and function
[41], LV diastolic function[41,42], and biomarkers such as BNP, transforming growth
factor f1, and metalloproteinase[33,43-45].

ECHOCARDIOGRAPHY AND NEW IMAGING EXAMS

Echocardiography is a key method for the evaluation and follow-up of patients with
CHD due to its wide availability, machine portability, and the information it provides.
Echocardiography allows the classification of CHD patients into stages, identification
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of complications, and follow-up and risk assessment of patients with CD. Echocardio-
graphy can identify chamber size, global and regional LV contractility, LV aneurysms,
LV diastolic dysfunction, LA size and function, and RV systolic dysfunction[9,12,41].
Echocardiography is also important to identify the presence of other non-CHD
diseases that may be responsible for clinical and/or ECG changes.

In the early stages of chronic CHD, echocardiography may demonstrate segmental
LV wall motion abnormalities and diastolic dysfunction[46]. Segmental wall motion
disturbances may range from hypokinesis to small or large aneurysms. The LV
segments that most commonly present wall motion abnormalities are the inferior and
inferolateral walls, and the apex[24] (Figure 2). These wall motion abnormalities can be
detected in one or more LV segments in the same patient, and have prognostic implic-
ations[47]. LV aneurysm prevalence in patients with CD ranges from only 2% in
patients with the indeterminate form to approximately 45% of CD patients with LV
systolic dysfunction and HF[48]. Most aneurysms are found in the classic narrow-neck
apical location, but they can also be found in other sites, such as the inferolateral and
basal inferior walls, the interventricular septum, and even the RV apex[49]. Chagas
heart aneurysms have crucial importance because of their relationship with embolic
[39,50-52] and arrhythmic[49,53,54] events. Apical aneurysms are more associated with
intraventricular thrombi (Figure 3) and stroke risk, while inferolateral aneurysms are
more associated with arrhythmia risk. However, apical aneurysms can be missed in
conventional 2D apical views due to apical foreshortening, dropout, or near-field
artifacts. Therefore, echocardiographic examinations require standard views and
modified four- and two-chamber views to detect small apical aneurysms with or
without thrombus. Contrast echocardiography, better harmonic imaging, and three-
dimensional (3D) applications may allow for more accurate detection of LV aneurysms
and thrombi in CD, especially in those with inadequate acoustic windows.

Because of the extensive wall motion abnormalities in CHD, LV volumes and
ejection fraction are preferably estimated according to the modified Simpson’s rule
instead of the Teicholz method.

Even early in the disease, chronic CHD may already affect diastolic function[41].
Usually, the first abnormality is impaired LV relaxation, and as CHD progresses to the
late stages, LV pseudo-filling and restrictive patterns increase in prevalence[41]. The
prevalence of diastolic function abnormality varies according to study methodologies,
but has been described to range from 10% of patients with the indeterminate form to
almost 100% of patients with HF[41]. Studies using tissue Doppler imaging have
shown that progressive worsening of the e’ velocity appears to be a good parameter to
identify the progressive nature of LV diastolic dysfunction[41].

As CHD progresses to its late stages, more LV walls are affected and LV dilatation
and global LV systolic dysfunction ensue with diffuse hypokinesia. However, even at
this stage, LV aneurysms and more pronounced LV wall motion abnormalities in the
inferior and inferolateral walls are still present. LV dysfunction has prognostic implic-
ations in chronic CHD and is the strongest predictor of death in patients with CD[13].

RV systolic dysfunction has been reported in all CHD stages[40,55]. RV systolic
dysfunction can be an isolated finding, but it is most commonly associated with LV
dysfunction. Several echocardiographic parameters have been used to assess RV
function in CD, including qualitative evaluation, tissue Doppler imaging, myocardial
performance index, tricuspid annular plane systolic excursion, speckle tracking strain,
and 3D-imaging[13].

Echocardiography of patients with CHD may also reveal mitral and tricuspid
regurgitation. Mitral regurgitation is secondary to the distortion of the mitral annulus
and the subvalvular apparatus due to LV remodeling and fibrosis of the inferolateral
wall. Moderate to severe mitral regurgitation may worsen the symptoms and
prognosis of HF[56]. Tricuspid regurgitation is secondary to dilation of the tricuspid
annulus, pulmonary hypertension, and/or the presence of a pacemaker lead through
the tricuspid valve. Tricuspid regurgitation may worsen right-sided HF symptoms.

Newer imaging methods have potential utility in the diagnosis of cardiac complic-
ations and prediction models for CD. However, cost-effectiveness studies are
necessary before they are implemented in clinical practice. Reviews of new imaging
tools for CD can be found elsewhere[13]. Briefly, newer echocardiographic methods
such as speckle tracking echocardiography can be used in early CHD stages to identify
early changes in myocardial contractility or strain[57-59]. Analysis of the LV strain
may also yield a new prognostic index for CHD. In a short-term follow-up of a
population comprised of patients with HF due to CD and idiopathic dilated cardiomy-
opathy, LV longitudinal strain was an independent predictor of cardiovascular events
[60]. Another new echocardiographic method is 3D echocardiography (3DE), which
can be potentially useful in CHD because of the more accurate evaluation of the LV
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Figure 2 Note the hyperrefringent akinetic area in the basal inferolateral left ventricular wall (A) and the left ventricular apical aneurysm
in the diastolic and systolic left ventricular images (B).
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Figure 3 Note the thrombi in the apical location in a patient with a large apical aneurysm (A) and a patient with severe left ventricular
dilation and dysfunction (B).

apex, avoiding LV foreshortening. In addition, 3DE is more accurate than 2D
Simpson’s biplane rule for assessing LV volumes and ejection fraction in patients with
significant wall motion abnormalities. LA volume and function assessed by 3DE and
strain may be able to predict atrial fibrillation in CD[61].

Cardiac magnetic resonance imaging (MRI) can improve the evaluation of chamber
volume and segmental and global function over bidimensional echocardiography,
identify aneurysms and intracardiac thrombi[13], and evaluate the extension of
myocardial fibrosis (Figure 4), which correlates with increased risk of VT[62] even in
the absence of global LV systolic dysfunction[13], and is an independent predictor of
the combined endpoint of cardiovascular death and sustained VT[63], and all-cause
mortality[64]. Cardiac MRI can identify areas of fibrosis in 20% of patients with the
indeterminate form of CD and in 43.7% of patients with CHD stage A- Cardiac fibrosis
is detected in 89% to 100% of patients in the late stages of CHD[13].

Another imaging method with potential utility in risk stratification of CD is
myocardial scintigraphy using iodine-123 metaiodobenzylguanidine testing. This can
identify areas of myocardial sympathetic denervation, which are associated with the
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Figure 4 Cardiac magnetic resonance imaging of a patient with stage B1 Chagas heart disease. A: Myocardial delayed enhancement on 2-
chamber apical slice depicts areas of cardiac fibrosis in the apical segments and an apical thrombus; B: Myocardial delayed enhancement protocol on left ventricular
short-axis slices depicts areas of cardiac fibrosis in the apical and basal left ventricular walls of a patient at stage B1 of Chagas heart disease.

risk of VT in CHDJ[13]. The detection of areas of cardiac fibrosis by single-photon
emission computed tomography and areas of myocardial sympathetic denervation
identify patients at risk of developing malignant ventricular arrhythmia[65].

ARRHYTHMIA

Arrhythmias in CHD can either be bradyarrhythmias or tachyarrhythmias.

In the case of bradyarrhythmias, patients may present with presyncope, syncope,
fatigue, atypical chest pain, or exertional dyspnea, even with preserved LV systolic
function. ECG, 24-h Holter monitoring, and electrophysiological studies are usually
enough to clarify the diagnosis. Advanced atrioventricular block and symptomatic sick
sinus syndrome are the main reasons for pacemaker implantation. However, all
medications capable of worsening heart conduction should be withheld prior to
pacemaker implantation. Recommendations for pacemaker implantation in CHD
follow the same guidelines for other conditions. However, some aspects need to be
highlighted. The RV electrode position should be midseptal due to possible excessive
fibrosis at the apex[66] and the LV systolic function may worsen after pacemaker
implantation due to LV systolic dyssynchrony related to LV pacing. Another aspect to
bear in mind is that whenever it is anticipated that a pacemaker-derived rhythm will
predominate or patients already have a left bundle branch block, a resynchronization
device should be chosen.

With regard to ventricular arrhythmias, isolated VPBs are the most common, and
they do not need treatment unless symptomatic. Asymptomatic nonsustained VT also
does not require treatment in patients with preserved LV systolic function, and
pharmacological treatment of patients with symptomatic nonsustained VT or
asymptomatic nonsustained VT with LV systolic dysfunction is controversial[67]. On
the other hand, malignant ventricular tachyarrhythmias are the main cause of sudden
death in CHD and require treatment. Amiodarone is the drug of choice in patients
with CHD as it improves symptoms and decreases the density of ventricular
arrhythmia[68]. However, amiodarone has side effects, and there is no convincing
evidence that amiodarone decreases mortality in patients with CHD[68,69].
Nevertheless, amiodarone should be used in high-risk patients with LV systolic
dysfunction and nonsustained VT with symptoms. In addition, amiodarone should be
considered in patients with a high percentage of ventricular ectopic beats and nonsus-
tained VT on 24-h Holter monitoring because these can result in tachycardiomyopathy.

Another approach to secondary prophylaxis against malignant ventricular
arrhythmias in patients with CHD is an implantable cardioverter defibrillator (ICD).
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ICDs are indicated in patients with HF and LV ejection fraction < 35% with or without
a previous history of VT[70]. However, the studies that supported this recommen-
dation included only a few patients with CHD. Currently, ICDs are recommended in
CHD for secondary prevention after documented VT, ventricular fibrillation, or
aborted sudden death; in patients with LV ejection fraction < 35% and documented
syncope secondary to VT; in patients with LV ejection fraction > 35% who have
experienced syncope secondary to VT; and in patients with syncope and inducible
sustained VT during electrophysiological study[12]. In a single study, patients with
CHD and LV ejection fraction < 40% with documented prior life-threatening
arrhythmia had better survival with ICDs than patients given amiodarone[71].
Amiodarone should be considered even after ICD placement to decrease the number
of shocks, because CHD patients have intense ventricular arrhythmic activity[72] and a
high number of shocks may cause myocardial necrosis and worse LV systolic function
[73].

It is important to identify patients with an increased risk of VT, as sudden death can
be the first manifestation of a malignant arrhythmia. In the previous sections of this
review, we have discussed the prognostic value of cardiac MRI and the detection of
areas of myocardial sympathetic denervation by myocardial scintigraphy with iodine-
123 metaiodobenzylguanidine to identify patients at increased risk of sustained VT.
We also discussed a score based on clinical, echocardiographic, and ECG data (QT
dispersion, syncope, premature ventricular contractions, and LV function) to predict
sudden cardiac death. This score classifies patients into low (0-2 points), intermediate
(3-4 points), and high (> 5 points) risk of sudden death[14]. Nevertheless, ICD
implantation for primary VT prophylaxis based on such findings in complementary
examinations is still not indicated in clinical practice.

Ablation therapy (catheter-based) is an option to treat recurrent VT in patients with
CHD, as VT in CHD is typically reentrant[74]. Most reentrant circuits are located in the
same LV walls that are frequently affected in CHD[75]. However, the fibrosis pattern
in CHD is not necessarily subendocardial or transmural, as in ischemic cardiomy-
opathy, but can also be midwall and subepicardial[59]. Therefore, careful electro-
physiological mapping is necessary to achieve successful ablation[76]. The
recommendation for VT ablation in CHD follows the indication for other clinical
conditions[77]: Symptomatic sustained monomorphic VT, including VT terminated by
ICD, that recurs despite drug therapy or when antiarrhythmic drugs are not tolerated
or not desired, and when there is a suspected trigger that can be targeted for ablation;
control of incessant sustained monomorphic VT or VT storm that is not the result of a
transient reversible cause; and bundle branch reentrant or interfascicular VT.

STROKE

CD is responsible for up to 20% of stroke cases in endemic areas[78]. The main
mechanism of stroke in CD is cardioembolism from thrombi arising mainly in apical
ventricular aneurysms. However, as patients with CD have a high prevalence of atrial
fibrillation[79,80], thrombi originating from the LA and the LA appendage also
contribute to stroke in CHD[81]. The risk factors already identified for stroke in CHD
are apical aneurysm, LV thrombus, severe atrial dilation, LV systolic dysfunction,
older age, and atrial fibrillation[39,52]. Recently, risk factors for atrial fibrillation were
identified, including LA function[61] which could possibly become a new risk factor
for stroke in CHD. Importantly, CHD patients are aging, and other possible
mechanisms for stroke related to comorbidities (hypertension, dyslipidemia, smoking),
such as small vessel disease and large vessel atherosclerosis, may also play an
important role in CHD[50]. Moreover, proinflammatory and prothrombotic disease
states[50,82,83] and endothelial dysfunction may also contribute to a higher incidence
of stroke in CHD.

The most frequent signs and symptoms presented by CHD patients with stroke are
related to ischemia in the distribution of the anterior or middle cerebral arteries in the
brain, and include unilateral weakness and/or numbness, facial droop, and speech
deficits ranging from mild dysarthria and mild aphasia to global aphasia[50]. Stroke
may also contribute to cognitive impairment and dementia in endemic areas[84,85].
Stroke can be the first clinical manifestation of a patient with CHD[51,86] and examin-
ations for CD must be part of the diagnostic work-up when investigating stroke in
patients with epidemiological history positive for CD.

Transthoracic echocardiography is indicated in all patients with CD and
thromboembolic events in order to rule out LV mural thrombi, especially in LV apical
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aneurysms. Transesophageal echocardiography must also be performed in cases of
documented or suspected atrial fibrillation in order to investigate thrombi within the
LA and the LA appendage. Holter monitoring is also indicated to investigate occult
paroxysmal atrial fibrillation, whenever the source of cardioembolism is still unclear
[79]. Cardiac MRI may detect intracardiac thrombi, but its routine use in patients with
CHD and stroke is not warranted[87].

Secondary prophylaxis with anticoagulation is indicated in all patients with a
previous history of stroke. The timing of initiating anticoagulation in case of a stroke
or transient ischemic attack (TIA) due to atrial fibrillation is within 14 d after the onset
of neurological symptoms[88] but can be delayed beyond 14 d in cases that are at high
risk for hemorrhagic conversion (i.e., large infarct, hemorrhagic transformation on
initial imaging, uncontrolled hypertension, or hemorrhagic tendency)[88].
Consultation with a specialist is advisable, as most neurologists recommend starting
anticoagulation within 96 h of the event in patients with small strokes without
hemorrhagic transformation or TIA, and halting anticoagulation for more than 14 d in
case of symptomatic hemorrhagic transformation; however, there is little consensus on
the exact timing to initiate anticoagulation in other cases[89]. Given that most stroke
cases in CHD patients are related to LV thrombi, most neurologists recommend an
earlier start of anticoagulation therapy in such cases. In cases of acute stroke in CHD,
the experience with thrombolysis is limited, but short-term treatment with
thrombolytics seems to have similar success compared to non-Chagas stroke[90,91].

Antiplatelet agents for secondary prophylaxis in patients with CD and stroke
considered to be non-cardioembolic are recommended based on studies with non-CD
patients, and must follow the published guidelines[88].

Regarding primary prophylaxis, few studies have addressed stroke prediction
models for CHD. Our group identified four variables associated with stroke
occurrence in patients with sinus rhythm: LV systolic dysfunction, apical aneurysm,
primary ST changes, and age > 48 years[39]. A score was created with two points
attributed to LV systolic dysfunction and one point for each of the other variables. The
annual risk of stroke was 4.4% among patients with a score of 4 or 5, and anticoagu-
lation is indicated in such patients. For patients with a score of 2 to 3, the risk of stroke
is lower and may be similar to the risk of bleeding; hence, either anticoagulation or
aspirin can be prescribed. Patients with a score of 1 had a low incidence of ischemic
events, and we recommend treatment with aspirin or no treatment at all is
recommended[39]. Anticoagulation for primary prophylaxis is also indicated
whenever intracardiac thrombi are diagnosed by cardiac imaging. In cases of
paroxysmal or permanent atrial fibrillation, primary stroke prophylaxis follows the
same recommendations for non-CD patients[9].

The drug of choice for anticoagulation in CHD is warfarin, which is the drug that
cardiologists have the largest experience with in clinical practice in CHD. At present,
no study has compared warfarin with direct oral anticoagulants in CD. However,
patients with contraindications or those who cannot tolerate warfarin may be treated
with direct oral anticoagulants, especially patients with atrial fibrillation. Regarding
LV thrombi, the experience with direct oral anticoagulants is still limited, but a meta-
analysis of five retrospective observational studies suggested that both warfarin and
direct oral anticoagulants have a similar rate of thrombus resolution, major bleeding,
and stroke or systemic embolization. However, none of these studies included patients
with CD[92].

HEART FAILURE

CHD has an important burden on the public health system due to frequent
cardiovascular complications[93]. One of the most important CHD complications is HF
with reduced ejection fraction (HFrEF).

Patients with CD and HFrEF usually present a dilated cardiomyopathy with a large
amount of fibrosis, ventricular remodeling, and damage to the electrical conduction
system. These changes ultimately lead to bradyarrhythmias, tachyarrhythmias, and
progressive LV global systolic dysfunction[12] with hemodynamic and neuro-
hormonal responses similar to those observed in other cardiomyopathies. This
common pathophysiology suggests that the treatment usually recommended for
HEFrEF could also be prescribed to CHD patients with HF[1]. However, most previous
studies that tested such medications in HF included a small proportion of CHD
patients.
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Right-sided HF are more prominent than left-sided HF symptoms and signs in CHD
patients with HF[1]. Typical physical examination reveals deviated and sustained ictus
of the LV, usually with prominent RV, third heart sound, and varying degrees of
mitral and tricuspid regurgitation. Splitting of the second heart sound may be
associated with right bundle branch block. Edema, jugular venous distention, dyspnea,
and fatigue are common symptoms, but orthopnea is less common than in other
cardiomyopathies[15]. In addition to ECG, echocardiography is essential in patients
with HF, as outlined in the “Imaging Exams” section of this review.

In a meta-analysis of 143 studies, CD was responsible for 13% of all HF cases in
Latin America[94]. Patients with HF due to CD have a more dismal prognosis than
patients with HF due to other etiologies, which includes a higher proportion of
hospital admissions due to HF and arrhythmia, pacemaker implantation, and stroke
[15]. Moreover, the importance of HF as a mode of death in CHD has increased in
recent years[95]. Patients with asymptomatic LV systolic dysfunction should be started
on angiotensin-converting enzyme inhibitors (ACEI) and beta-blockers, as
recommended by the HF guidelines[36].

Non-pharmacological treatment strategies for HF are described in a specific section
of this review.

The pharmacological treatment in patients with HF due to CD follows the
recommendations of HF guidelines[36] and CD consensus[1,9,12] and includes a
neurohumoral block (beta-blockers, ACEI or angiotensin receptor blockers, and
mineralocorticoid receptor antagonists). However, the recommended full doses of
these drugs are often not reached, as patients with CHD have a high prevalence of
atrioventricular block and autonomic nervous system disorders. Carvedilol is the most
frequently used beta-blocker in CHD, although the quality of evidence is low and
based on a meta-analysis that included 69 participants and found a lower all-cause
mortality in the carvedilol group than in the placebo group[96].

Patients with HF due to CD receive amiodarone more often because of a higher risk
of ventricular malignant arrhythmias. The same occurs with anticoagulants due to a
higher frequency of cardioembolic events[1].

Diuretics should also be added to the patients’ prescription whenever there is
clinical evidence of congestion, and the doses should be tapered to the lowest possible
dosage in order to avoid electrolyte and metabolic disorders[1].

In case the patient persists with symptoms compatible of NYHA functional class III
or above despite neurohumoral block and diuretics, digitalis may be added to the
prescription. Another indication for digitalis is the presence of atrial fibrillation with a
rapid ventricular response. However, it is necessary to monitor digitalis serum levels
and the occurrence of atrioventricular block[1].

The experience with new drugs recently added to the HF treatment portfolio is very
limited. Regarding ivabradine, a post hoc sub-analysis of the SHIFT trial suggested that
ivabradine was associated with improvement in NYHA functional class and a trend
toward reduction in mortality[97]. However, the indication for ivabradine in CD
patients is limited due to electrical conduction system disturbances characteristic of
CHDI[12]. Regarding sacubitril/valsartan, only 7.6% of Latin American patients with
HFrEF randomized to angiotensin receptor-neprilysin inhibitors in the PARADIGM-
HF and ATMOSPHERE trials had CHD. An underpowered analysis suggested that
patients with CHD treated with sacubitril/valsartan had a lower risk of cardiovascular
death or HF hospitalization[98]. Therefore, a specific multicenter, prospective,
randomized, controlled phase 4 study including only patients with HFrEF due to CD,
named PARACHUTE-HF study, is currently in progress in order to testing the
superiority of sacubitril/valsartan over enalapril in improving the composite endpoint
of cardiovascular death or first HF hospitalization (NCT04023227).

When overt and refractory HF occurs, alternative therapies are still possible for
CHD. Orthotopic heart transplantation (OHT) and cardiac resynchronization therapy
are such therapies. Although there is a risk of CD reactivation after OHT, advances in
immunosuppression protocols and careful reactivation monitoring after surgery
allowed successful OHT in CHD. In fact, CD is the third most common indication for
OHT in South America[12]. The selection criteria are the same as those in the general
OHT evaluation, but an active pre-transplantation search for chronic digestive
complications (megaesophagus and megacolon) is necessary to avoid postoperative
complications. The mortality rate is high for CHD patients on the waiting list,
suggesting the need for earlier intervention. On the other hand, post-OHT survival is
higher, despite the risk of reactivation, perhaps because the patients included in the
previous series were younger, with fewer comorbidities and less risk of pulmonary
hypertension. Monitoring of reactivation throughout life is mandatory, especially
during increases in immunosuppression therapy for transplant organ rejection.
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Universal trypanocidal prophylactic therapy before OHT is not recommended, but
benznidazole is the drug of choice in cases of reactivation[1,9].

Different devices for cardiac assistance could be used in patients with end-stage
HFrEF due to CD. These could be applied as a bridge to transplantation, a bridge to
recovery, or even as a destination therapy. Unfortunately, the limited access to health
services in endemic countries makes this option uncommon, but some successful
experiences have been described[99].

NON-PHARMACOLOGICAL STRATEGIES

Several non-pharmacological strategies based on lifestyle modifications have
demonstrated beneficial effects in the clinical management of patients with CHD,
including nutritional counseling, pharmaceutical care, and exercise-based cardiac
rehabilitation (CR). The first approach involves dietary guidelines, encouragement to
self-care, adherence to treatment, regular physical activities, and prohibition of alcohol
and tobacco use. These strategies are usually easy to implement and have a low
maintenance cost; therefore, they should be included in clinical practice.

Nutritional counseling

CHD promotes physiological changes that can directly influence nutritional status. In
this setting, nutritional counseling aims to provide adequate calories and nutrients to
maintain an ideal body composition[9], especially considering patients who progress
with cardiac cachexia. Nutritional counseling should consider the eating behaviors
and cultural habits of each patient, as well as access to food and the presence of other
clinical conditions, such as dysphagia, intestinal constipation, dyslipidemia, diabetes
mellitus, and hypertension[9].

For patients with HF, nutritional intervention also includes the control of salt
consumption, limiting it to 3 to 4 g/d for those with mild to moderate disease, and less
than 2 g/d for more severe cases (decompensated HF)[9]. The restriction of sodium
consumption can cause low adherence to dietary recommendations[100,101], due to
low food palatability, resulting in insufficient food intake with energy and nutrient
supply below the recommendation. Culinary preparations using spices, herbs,
condiments, and different techniques have been recommended to improve palatability
and encourage healthy food consumption[102]. In severe HF, restriction of fluid intake

is necessary, and patients should be encouraged to closely control their body weight
[°]-

Pharmaceutical care

Considering that as high as 30% to 40% of patients with CD will develop cardiac or
digestive symptoms that chronically require medical assistance and pharmacological
treatment[9], pharmaceutical care emerges as an important auxiliary strategy to
improve medication compliance, minimize adverse drug events, and improve quality
of life[103]. Therefore, pharmaceutical care is an important strategy that should be
implemented in the follow-up of patients with CHD and HF, as it could help to

identify adverse drug events and suggest alternatives to minimize these side effects
[104].

Exercise-based cardiac rehabilitation

Exercise-based CR has emerged as an important strategy to improve functional
capacity and quality of life in patients with CHD complicated by HF[35]. Before
participating in an exercise program, patients must undergo a clinical evaluation
including anamnesis, physical examination, and complementary tests to minimize the
risk of adverse events during exercise practice. The anamnesis should include
information regarding the stage of CHD, history of arrhythmias, organ damage,
comorbidities, devices (pacemaker or ICD), previous hospital admissions, allergies,
and history of physical activity. On physical examination, cardiac and pulmonary
auscultation are important, together with evaluation of musculoskeletal limitations,
surgical scars, and any other signs of diseases that may limit exercise practice. A basic
laboratory investigation with a complete blood count, lipid profile, and coagulation
factors is also important.

A resting ECG should be performed to assess rhythm disturbances, and a maximal
exercise test (with or without gas exchange analysis) should be performed to evaluate
clinical, hemodynamic, and electrocardiographic responses during exercise. If not
available, a submaximal test (e.g., the 6-min walk test) can provide parameters for
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monitoring functional capacity. Exercise tests must be performed under the usual
medications, especially for patients with chronotropic negative drugs, such as beta-
blockers, digitalis, or antiarrhythmics, to mimic the condition that they will be in
during physical training sessions. An echocardiographic evaluation is also useful, as it
provides additional information for risk stratification[105].

During exercise sessions, electrocardiographic monitoring should be performed to
detect malignant exercise-induced arrhythmias. Heart rate monitors can also be used,
but the CR team must pay attention to possible errors due to electrical interference and
check with manual verification, if necessary. Blood pressure and oxygen saturation
should also be assessed before, during, and after exercise. Blood glucose
measurements can be performed before and after exercise sessions for diabetic
patients.

Ideally, the CR training program should be comprised of 150 to 300 min per week
(divided into 3 to 5 wkly sessions) of moderate-intensity activities, including aerobic,
strength, stretch, and balance exercises. The intensity of aerobic exercise usually ranges
from 70% to 85% of the peak heart rate obtained in the exercise test or 90% to 110% of
the ventilatory threshold obtained in the maximal exercise test with gas exchange
analysis. The perception of effort scale (i.e., Borg scale) is also a valuable instrument
that can be used to control exercise intensity. Resistance exercises should be performed
at least twice a week at moderate intensity, with greater emphasis on large muscle
groups (upper limbs, lower limbs, and trunk), which can be performed using free
weights, elastic bands, and resistance equipment. Stretching and balance exercises
improve performance of functional activities, reduce cardiovascular overload in some
daily situations, decrease the risk of falls, and improve autonomy[106].

In addition to low aerobic capacity and peripheral muscle weakness, inspiratory
muscle weakness is estimated in 30% to 50% of patients with CHD[107]. Inspiratory
muscle training (IMT) alone and associated with aerobic training[108,109] may
improve exercise capacity in HF patients by reducing diaphragmatic metaboreflex
activity and respiratory muscle fatigue[110]. IMT should be considered in CR, in
combination with aerobic endurance or peripheral resistance training[111]. IMT
should start at 30% of maximal inspiratory pressure (MIP), followed by a gradual
increase to 60% MIP, for 20 to 30 min per session, with a frequency of 3 to 5 exercise
sessions per week[112]. Despite the growing recommendation of IMT to become a part
of CR, little is known about this strategy for CHD. Recently, two IMT protocols (30%
and 60% of MIP) have been safely tested in patients with CHD[107].

CONCLUSION

CHD is still a major cause of hospital admissions, cardiac device implantations, stroke,
and death in endemic Latin American countries. CHD must also be investigated as a
cause of cardiac complications in migrant populations in non-endemic countries. The
routine performance of diagnostic examinations and therapies described here can help
identify CHD complications and minimize their consequences in order to improve
quality of life and, possibly, survival.
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Abstract

The beneficial cardiorenal outcomes of sodium-glucose cotransporter 2 inhibitors
(SGLT2i) in patients with type 2 diabetes mellitus (T2DM) have been substan-
tiated by multiple clinical trials, resulting in increased interest in the multifarious
pathways by which their mechanisms act. The principal effect of SGLT2i (-flozin
drugs) can be appreciated in their ability to block the SGLT2 protein within the
kidneys, inhibiting glucose reabsorption, and causing an associated osmotic
diuresis. This ameliorates plasma glucose elevations and the negative cardiorenal
sequelae associated with the latter. These include aberrant mitochondrial
metabolism and oxidative stress burden, endothelial cell dysfunction, pernicious
neurohormonal activation, and the development of inimical hemodynamics.
Positive outcomes within these domains have been validated with SGLT2i
administration. However, by modulating the sodium-glucose cotransporter in the
proximal tubule (PT), SGLT2i consequently promotes sodium-phosphate cotrans-
porter activity with phosphate retention. Phosphatemia, even at physiologic
levels, poses a risk in cardiovascular disease burden, more so in patients with type
2 diabetes mellitus (T2DM). There also exists an association between phos-
phatemia and renal impairment, the latter hampering cardiovascular function
through an array of physiologic roles, such as fluid regulation, hormonal tone,
and neuromodulation. Moreover, increased phosphate flux is associated with an
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associated increase in fibroblast growth factor 23 levels, also detrimental to
homeostatic cardiometabolic function. A contemporary commentary concerning
this notion unifying cardiovascular outcome trial data with the translational
biology of phosphate is scant within the literature. Given the apparent beneficial
outcomes associated with SGLT2i administration notwithstanding negative effects
of phosphatemia, we discuss in this review the effects of phosphate on the
cardiometabolic status in patients with T2DM and cardiorenal disease, as well as
the mechanisms by which SGLT2i counteract or overcome them to achieve their
net effects. Content drawn to develop this conversation begins with proceedings
in the basic sciences and works towards clinical trial data.

Key Words: Sodium-glucose cotransporter 2; Phosphate; Hyperphosphatemia;
Cardiovascular; Canagliflozin; Dapagliflozin; Empagliflozin; Endothelial

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Sodium-glucose cotransporter 2 (SGLT2) inhibitors have received increased
attention regarding their pleiotropic effects given their markedly impressive
performance in cardiovascular outcome trials (CVOT). Preliminary evidence shows
that their role as antidiabetic agents is not their sole mechanism in achieving these
cardiorenal protective properties. Therefore, investigation in the auxiliary properties
that they hold concomitant with glucose control, vindicated by not only CVOTs, but
meta-analyses, retrospective studies, and case reports has led to increased interest in
delineating their global pharmacodynamic effects across the spectrum of gene
expression and molecular modulation to end-organ translational biology. Such a full
profile of their effects is not yet understood given the refractory period between clinical
evidence supporting their utilization and a proclivity for their implementation in
practical clinical environments. In this review, we answer inquiries regarding how via a
multifarious avenues, SGLT2 inhibitors, while carrying a negative effect of induced
phosphatemia (which is deleterious to the heart), compensate for this phenomenon,
retaining their propensity for net cardiac benefit upon pharmacotherapeutic adminis-
tration under appropriate clinical circumstances.

Citation: Nashawi M, Ahmed MS, Amin T, Abualfoul M, Chilton R. Cardiovascular benefits
from SGLT2 inhibition in type 2 diabetes mellitus patients is not impaired with phosphate flux
related to pharmacotherapy. World J Cardiol 2021; 13(12): 676-694

URL: https://www.wjgnet.com/1949-8462/full/v13/i12/676.htm

DOI: https://dx.doi.org/10.4330/wjc.v13.i112.676

INTRODUCTION

In addition to serving a role as antidiabetic agents by mediating glycemic control, the
cardiovascular benefits associated with sodium-glucose cotransporter 2 inhibitors
(SGLT2i) administration is a boon for patients with type 2 diabetes mellitus (T2DM)
given that such patients suffer immensely from increased risk of microvascular and
macrovascular complications attributable to T2DM, such as diabetic nephropathy and
major adverse cardiovascular events (MACE), respectively[1]. It is noteworthy to state
these sequelae are not mutually exclusive when one discusses the cardiovascular
health of patients with T2DM and the renal considerations of phosphate dynamics
with SGLT2i administration on MACE. An example highlighting these interdigitated
cardiorenal pathways can be appreciated when considering that cardiovascular
demise in patients with T2DM may predispose to acute kidney injury (AKI) through
hypoperfusion and consequently, a diminished capacity to efficiently maintain
glomerular filtration rate (GFR). Conversely, pathologic nephropathy from T2DM
unveils baneful circumstance within the nephron conducive to MACE via misman-
agement of fluid and ion flux as well as pathologic neurohormonal activation via the
renin-angiotensin-aldosterone system (RAAS)[2-4].
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Estimates suggest that T2DM is prevalent in roughly 40% of chronic kidney disease
(CKD) patients in the United States[5]. Epidemiological studies further contextualize
this association, with one United States Renal Data System (USRDS) report implicating
diabetes in 44% of end-stage renal disease (ESRD) cases[6]. Moreover, examinations of
10-year cumulative mortality profiles of participants in the Third National Health and
Nutrition Examination Survey (NHANES III) linked with the National Death Index
has shown that among individuals with diabetes and kidney disease, standardized
mortality was 31.1% (95%CI: 24.7%-37.5%) relative to 7.7% within the reference group,
a patient populous defined as that without diabetes or kidney disease (95%CI: 7.0%-
8.3%)[7]. This represents a statistically significant absolute risk difference of 23.4%
(95%ClI: 17.0%-29.9%, P < 0.01). Such emphasis on the baleful aspects of T2DM is
important as cardiovascular disease (CVD) burden and T2DM presents with a
similarly grim association, as seen in an incidence-based study by Straka et al[8], which
followed 29863 patients (5501 with T2DM and 24362 without T2DM). In this study, it
was observed that patients with T2DM exhibited a statistically significant relative risk
of 1.53 for myocardial infarction (MI), 1.1 for coronary artery disease (CAD), 2.12 for
heart failure, and 1.58 for stroke.

With an expanded understanding of the pathophysiologic pathways that stem from
T2DM and branch towards its sequelae comes a paradigm shift in which T2DM is no
longer focused solely as a disorder of hyperglycemia and aberrant insulin regulation
warranting the reduction of hemoglobin A1C (HbA1C) for adequate clinical
management[9-12]. Rather, an appraisal of diabetic complications is giving rise to a
change in therapeutic approaches that target T2DM sequelae in tandem with glucose
and insulin dynamics for expanded, and flexible T2DM treatment strategies. This can
be appreciated by the advent of pharmacotherapeutic options with various
mechanisms of action and pleiotropic effects, in addition to the Food and Drug
Administration’s shift towards expectations that antidiabetic agents being considered
for approval undergo scrutiny that is validated by trial data that takes into account the
systemic effects of T2DM (with an emphasis on microvascular and macrovascular
pathophysiology)[13]. Evidence for this change in doctrine can be seen in the elevation
of SGLT2i to more preferential recommended therapeutic options for complicated
T2DM by authoritative bodies and medical societies such as the American College of
Cardiology (ACC), the American Diabetes Association (ADA), and Kidney Disease
Improving Global Outcomes (KDIGO)[14-17].

Affirmation for the beneficial clinical outcomes with SGLT2i pharmacotherapy is
validated by favorable results in landmark clinical outcome trials. These aforemen-
tioned trials scrutinized the effects of multiple SGLT2i agents (namely, empagliflozin,
dapagliflozin, and canagliflozin) in their ability to reduce endpoints defined by
cardiovascular mortality, hospitalizations for heart failure, and renal considerations of
associated cardiovascular demise such as death from renal failure and end-stage renal
disease exacerbation, to name a few[18-21]. These drugs work (as illustrated in
Figure 1) by blocking the reabsorption of glucose via the SGLT2 protein, which is
responsible for the reuptake of the vast proportion of glucose in the proximal renal
tubule. The latter causes glucosuria and decreased serum glucose levels, which inhibits
the salient pathophysiologic pathways in T2DM triggered by hyperglycemia. The
degree of glucosuria varies depending on drug metabolism, SGLT2 protein expression
as well as distribution, and diabetic status. However, narrative reviews backed by
quantitative estimates of the nephron’s functional capacity and a general window of
SGLT2i efficacy suggest that the glucosuria induced can lead to the excretion of up to
150 g of glucose daily with pharmacotherapy[22].

Associated with such glucosuria is also the liberation of fluid with SGLT2i therapy
among patients with T2DM. In normal, healthy adults, the kidneys have the
propensity to filter roughly 180 g of glucose per daily, the vast majority of which is
usually reabsorbed at the proximal convoluted tubule (PCT) via sodium-glucose
cotransport[23]. Due to insulin resistance exhibited in patients with T2DM, peripheral
GLUT4 expression is decreased in T2DM, leading to increased serum glucose, and
increased filtered glucose load through the glomerulus once perfusion reaches the
nephron. The low affinity-high capacity properties of the SGLT2 protein within the
PCT, allows for substantial glucose reabsorption, with reabsorption dynamics reaching
up to 90% in certain physiologic scenarios[24,25]. By inhibiting where the majority of
glucose reabsorption at the PCT, there remains feeble opportunities for glucose
reabsorption to take place along downstream sites within the nephron, resulting in an
increase in osmotic pressure to the flow en route to eventual urinary output[26].
Subsequently, an increased osmotic pressure from a rise in SGLT2i mediated increase
in luminal glucose prevents the egress of glucose across tubule cells (and by proxy, the
interstitial compartments) resulting in increased urinary volume[27-29] and liberation
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Figure 1 Glycosuria mediated from sodium-glucose cotransporter 2 inhibition. Adapted from OpenStax College, which is licensed under a Creative
Commons Attribution 3.0 Unported License. SGLT2: Sodium-glucose cotransporter 2.

of systemic fluid.

The natriuresis involved in SGLT2i pharmacotherapy has recently been scrutinized
and there are mixed views as to the degree of natriuresis involved in SGLT2i therapy,
as while there is an osmolarity of sodium that would have been tethered for sodium-
glucose cotransport, inhibition does not preclude this sodium from undergoing
reabsorption at other sites, with some sites even performing compensatory roles in
sodium reabsorption after transient natriuresis has been completed[30]. For example,
in the thick ascending loop of Henle the Na-K-Cl cotransporter shunts luminal sodium
that would have been excreted in urine. Then sodium is discharged into the blood via
ATP-dependent sodium-potassium pump, resulting in retention of sodium. While
playing a minor role, sodium reabsorption also takes place in the distal convoluted
tubule through a sodium-chloride symporter that harvests urinary sodium that is also
discharged via ATP-dependent sodium-potassium pumps. Nevertheless, studies with
SGLT2i administration over a 4-week course of empagliflozin resulted in a 30%-60%
increase in urinary sodium (which pulls water along for excretion) in patients with
T2DM (P < 0.001), and was positively correlated to the degree of glucosuria (P < 0.001)
[31]. The cumulative effects of this fluid loss can be appreciated from a cardiovascular
perspective as a reduction in blood pressure as vindicated by the landmark trials,
implying a reduced afterload. Moreover, studies show that the fluid loss in SGLT2i
therapy occur via losses in intravascular compartments, implying a reduction in
preload. This dual reprieve in those with heart disease promotes a physiologic status
that leads to improved ventricular loading without maladaptive compensatory
changes such as remodeling, and may be partially responsible for positive CVOT
results, although it shown be mentioned there are many pleiotropic effects of these
drugs under investigation[32-34].
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SLGT2i also promote cardiovascular benefits in patients with T2DM through
auxiliary avenues deeply rooted in diabetic sequelae such as through the blunting of
harmful reactive oxygen species (ROS), modulating detrimental neurohormonal
activation, improving oxygen flux, and preserving a positive vascular biology profile
[35-38]. However, since the capacity for SGLT2i agents hinder the cotransport and
reabsorption of sodium and glucose, the sodium gradient is therefore retained for
sodium-dependent phosphate cotransporters (SLC34A1 and SLC34A3) as referenced
in Figure 2[39-41]. The consequence of this shift in renal cotransporter dynamics is a
resultant increase in phosphate reabsorption at the site of the proximal tubule,
resulting in hyperphosphatemia. Albeit a recognized a process, ramifications of
phosphate flux with SGLT2i administration within the literature have largely been
centered upon a controversial dialogue on whether or not these agents contribute to
deficits in bone mineral density of significance to subsequently provoke bone fractures
[42-44]. Scant in the literature however, is a commentary highlighting the role of serum
phosphate changes mediated by SGLT2i on CVD, considering CVOT have vindicated
SGLT2i in mitigating CVD burden. Nevertheless, the pharmacology of SGLT?2i theoret-
ically induces increased serum phosphate, which is associated with vascular
calcification and stiffness, cardiac remodeling, and other pathologic changes
conductive to MACE (observed in settings independent of SGLT2i administration),
especially in populations with aberrant metabolic derangements such as T2DM and
diabetic CKD[45-49]. A discussion of the relative degrees of phosphate induction with
SGLT2i therapy in relation to the attenuation of T2DM and its sequelae conferred with
therapy (as is supported by multiple clinical trials) is prudent for giving full context on
the pharmacology of SGLT2i while affirming that these drugs are still associated with
remarkably beneficial cardiovascular benefit.

The effects of phosphate on cardiovascular function and also renal physiology
which thereby impacts cardiovascular function is well documented. While discussed
primarily within the scope of the nephron, hyperphosphatemia as a side effect
associated with SGLT2i administration has been vindicated in human studies. In one
study by Blau et al[50], among 25 research participants receiving Canagliflozin 300 mg
over placebo, a marked increase in sodium excretion with an increase in associated
serum phosphate levels were noted, giving validation for the sodium-phosphate
cotransporter mechanism of SGLT2i mediated phosphatemia. Moreover, Canagliflozin
administration was associated with a 16% increase in serum phosphate levels over
placebo (P < 0.001).

In another post-hoc analysis of a double-blind, randomized, crossover trial in 31
patients with T2DM and early-stage diabetic kidney disease (defined as an albumin-to-
creatinine ratio between 100 and 3500 m/g, eGFR > 45 mL/min per 1.73 m? and 11.4%
> HbAlc 2 7.2%, patients were randomized to dapagliflozin 10 mg daily or placebo.
Dapagliflozin administration increased serum phosphate by 9% (95%ClI: 4%-15%, P =
0.002)[51]. Interestingly, this increase in phosphate was not correlated with changes in
eGFR or 24-h albumin excretion, a known marker of renal and by proxy, cardio-
vascular impairment[52-54]. Such an increase in phosphate with dapagliflozin
administration is noteworthy when considering that a 2016 analysis incorporating over
an ethnically diverse cohort of 94989 patients stratified for population-based
phosphorus quartiles by ethnicity demonstrated that 0.5 mg/dL serum phosphorus
increases were associated with adjusted hazard ratios of increased renal mortality[55].
Examinations of NHANES III with incident ESRD and elevated phosphate (> 4
mg/dL) proved elevated ESRD incidence compared to those with lower phosphate
levels (RR = 1.90; 95%CI: 1.03-3.53; P = 0.04)[56]. The latter two studies show a
disparity between the dogma of phosphatemia and empiric findings of studies using
dapagliflozin.

Associated with hyperphosphatemia is the elevation of fibroblast growth factor 23
(FGF23)[57,58]. This protein has received interest in its clinical applications due to its
potential in mediating aberrant metabolic pathways associated with cardiovascular
health, as marked by its associated with MACE providing a link between hyperphos-
phatemia and the heart[59-61]. There is a growing body of evidence that FGF23 is a
key player in signaling pathways related or as a biomarker related to distinct
pathologic avenues of diminished cardiovascular function- these include left
ventricular hypertrophy (LVH), endothelial cell dysfunction, arterial fitness, and
atherosclerosis[60,62]. Nevertheless, we can appreciate that SGLT2i, despite promoting
hyperphosphatemia (and subsequently FGF23 as marked by the Canagliflozin and
Dapagliflozin phosphate studies) mitigate cardiovascular disease buden[50,51]. We
speculate that despite being central to pathways that hamper cardiovascular disease
outcome, the mechanisms by which phosphatemia and FGF23 expression induce these
impairments are also attenuated by SGLT?2i in their pleiotropic effects, with even more
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mechanisms of cardiovascular benefit and thus, leading to a “net” positive outcome.
The course of this review will outline these pathways from a phosphate metabolism
perspective, and subsequently via commentaries on how SGLT2i overlap with these
pathways and go beyond these collective pathways to further support cardiovascular
health.

Moreover, the associated osmotic diuresis promotes the loss of sodium and water,
which decreases blood pressure and improves oxygen flux and hemodynamic status.
For example, in EMPA-REG (Empagliflozin, Cardiovascular Outcomes, and Mortality
in Type 2 Diabetes), 7020 patients with established coronary artery disease and T2DM
were slated to receive 10 mg empagliflozin (1 = 2345), 25 mg empagliflozin (n = 2342)
or placebo (n = 2333)[63]. The results were reductions in the risk of cardiovascular
(CV) death by 38% relative to placebo (3.7% vs 5.9%, HR = 0.62; 95%Cl: 0.49-0.77; P <
0.001). An exploratory mediation analysis of EMPA-REG attempted to identify
elements influencing CVD death risk reduction with empagliflozin by analyzing post
hoc mediators through Cox regression[64]. A significant finding of this audit of trial
covariates and their influence in survival identified that hematocrit and hemoglobin
mediated roughly 50% of the propensity of empagliflozin to improve CV survival
relative to placebo. One possible reason for this rise in red blood cell (RBC) magnitude
may be due to more efficient erythropoiesis via the renoprotective properties of
SLGTI2[65,66]. Support for this theory can be found in a small-scale study of 66
patients administered empagliflozin over four weeks, with a 31% increase in
erythropoietin (P = 0.0078) seen in 64 patients[31]. Similar improvements in
erythropoiesis have been observed in other classes of SGLT2i, dapagliflozin and
canagliflozin[67,68]. The role for this phenomenon in CV survival is not well studied
however and can be attributed from improvements in oxygen flux and global
metabolic resource allocation. Alternatively, parsimony would suggest that osmotic
diuresis and improved handling of fluid would result in an increase in RBC
constituents via dilution-concentration dynamics, and the CV survival observed would
be attributable to the mitigation of edema and ventricular stress. Nevertheless, lessons
from SGLT2i therapy show us that the improved prospects for patients with T2DM are
pleiotropic in nature and extend beyond correction of hyperglycemia. This concept is
congruent with the focus in this work that multiple axes promote improved outcomes
notwithstanding phosphate metabolism. Such principles will be reinforced throughout
this commentary.

December 26,2021 | Volume13 | Issue12 |



Nashawi M et al. SGLT2 inhibition and phosphate metabolism

Jaishideng®

PHOSPHATE METABOLISM, DIABETES, HEART DISEASE- LOADING
SGLT2 IN THE PICTURE

Within the context of the pleiotropic effects of SLGT2i administration and phosphate
metabolism, it is noteworthy to mention that the ramifications of phosphate
metabolism occur peripherally and not directly within the heart itself. The SGLT2
protein is not expressed within cardiac tissue, as demonstrated by sequencing studies
[69]. Therefore, to make remarks about SGLT2 inhibition within the context of
phosphate metabolism, a query of phosphate metabolism beginning within the
nephron is warranted.

In normal settings of serum hyperphosphatemia, the parathyroid glands address
this homeostatic imbalance through the secretion of parathyroid hormone (PTH). PTH
acts on the PT to inhibit sodium/phosphate cotransport, resulting in the excretion of
phosphate through urine. There is also a secondary implication of increased sodium
flux on the cotransporters hosted on distal portions of the nephron and their relative
dynamics Moreover, PTH also has an auxiliary role of promoting phosphate
absorption from the small intestine as well as bone, shuttling phosphorus into serum.
It also has a role in the activation of vitamin D via secondary hydroxylation, which has
cardiorenal implications which will later be discussed. For brevity and completeness,
this activation of vitamin D is implicated in the absorption of calcium and phosphate
within the intestine, with less reliance on phosphate flux on Vitamin D, resulting in a
net decrease of phosphate[70].

However, the metabolism of phosphorus and its associated compounds in the
context of contemporary lifestyle and diet with an emphasis on heart disease and
T2DM has caused a paradigm shift in how this homeostatic mechanism plays out for
such patients. Current diets, especially in the western world, are dense in phosphate
and have ramifications in a populous that has a significant burden of T2DM and heart
disease[71,72]. Animal studies conducted have shown that both genetically impairing
sodium-phosphate cotransporter function as well as hyperphosphatemia-induced via
diet in wild-type mammals results in a phenotype akin to metabolic syndrome, which
includes loss of lean skeletal muscle mass, increased reactive oxygen species
formation, and renal impairment and cardiopulmonary deficits[73]. This dual-
approach of the elicitation of increased serum phosphate with similar end-point results
confirmed by histologically analyses was cited as giving credence towards the notion
that absolute hyperphosphatemia was the end insult responsible for these findings
[73]. These findings mirror the components of derangements seen in patients with
T2DM and cardiovascular disease.

For example, earlier animal studies show support for hyperinsulinemia promoting
reductions in the fractional excretion of phosphate in dogs, caused mainly by
abatement in the ratio of tubular fluid to plasma phosphate domineered primarily by
proximal tubular phosphate reabsorption (P < 0.02), lending an association between
dysfunctional glucose metabolism and phosphate flux with consequences in disease
states such as cardiovascular disease[74]. Further evidence for an association between
derangements in glucose and phosphate are furthered by one human study, *'P
magnetic resonance spectroscopy (MRS) assessing the effects of a hyperglycemic-
hyperinsulinemic clamp experiment augmented on study subjects noted an increase in
inorganic phosphate and reductions in phosphocreatinine (PCr)[75]. The reductions in
PCr have direct implications in heart disease, as one study by Bhella et al[76] recruited
healthy patients and those with heart failure with preserved ejection fraction (HFpEF)
to perform lower limb exercises with MRI scanning evaluation to assess myocyte
function. HFpEF patients were noted to have reduced rates of oxidative
phosphorylation rates, with an increase in refractory period to normalization of
phosphocreatine when compared to healthy sedentary age-matched controls. Blunted
PCr replenishment can cause concern as it functions as a phosphate derivative that
skeletal muscle may opt to metabolically activate when ATP reserves are not high
enough to sustain a respective workload. Reductions in PCr as seen in hyperphos-
phatemic states show an increased in the proclivity for cardiomyocytes to undergo
apoptosis or irregular phenotypes[77].

Irregularities in phosphate in hyperinsulinemic states as mentioned above have also
been directly studied in patients with T2DM, setting the foundation for investigation
in diabetic heart disease and phosphate metabolism, with SGLT2i. *’P MRS scanning
the vastus lateralis of patients with T2DM compared to healthy, aged-controlled
matches showed an absolute decrease in PCr, (PCr 28.6 £ 3.2 vs 24.6 £ 2.4, P < 0.002),
which is supported by a negative correlation between PCr and HgbA1C (r = - 0.63, P <
0.01)[78]. These findings support that the diabetic state as well as the cardiovascular

WJC | https://www.wjgnet.com 682 December 26,2021 | Volume13 | Issue12 |



Jaishideng®

Nashawi M et al. SGLT2 inhibition and phosphate metabolism

state are impacted by sequelae related to hyperphosphatemia, especially in patients
with conditions related to insulin resistance where SGLT2i utilization would be
warranted given appropriate consideration considering their increased use in patients
with diabetes and cardiovascular disease.

Another derangement observed in the Ohnishi study was renal impairment seen in
the form of renal arteriole calcification with apoptotic cells upon histology directly
associated with heavy phosphate burden, indicative of maladaptive renal calcification.
Such observations have been observed in humans, with ramifications of CKD and
ESRD[79]. Prevailing theories include phosphate aggravating vascular smooth cells or
the buildup of calcium byproducts in the form of nephrocalcinosis[80]. Similar
derangements, albeit by different constituents, occur in T2DM. Such processes both
however heavily similarly impact the cardiovascular benefits in patients with T2DM.
Patients with T2DM experience insulin resistance and as result experience blunted
responses to glucose attenuation, precluding euglycemia. The excess of glucose tends
to undergo nonenzymatic glycosylation with amine groups of the glomerular
basement membrane of the kidney, causing protein leakage which occludes the arterial
lumen. This process propensity to impact the efferent arteriole sooner and with more
impact than the afferent arteriole, causing an increase in intraluminal pressure and
GFR[81].

One consequence of this relative mismatch in luminal caliber is an initial
hyperfiltration cascade that ultimately damages the renal mesangium. Subsequent
hyalinization of the afferent arteriole decreases GFR, ultimately manifesting as diabetic
kidney disease and subsequently, CKD. The decrease in afferent lumen caliber is noted
by afferent baroreceptors and elicits renin secretion by the juxtaglomerular cells.
Subsequently this promotes the renin-angiotensin-aldosterone system (RAAS) cascade
[82]. Ramifications of the RAAS system include an increase in blood pressure as
marked by the activity of angiotensin II on the systemic vasculature, causing an
increase in afterload as well as sodium retention. Chronically, this can lead to left
ventricular hypertrophy and subsequently MACE. We will see that phosphate
ultimately impacts the heart in a critical manner similarly, however, the net benefit of
SGLT2i through their pleiotropic effects negate the deleterious effects of increased
phosphate levels and lead to beneficial cardiorenal outcomes.

Compromised kidneys, such as in the case of phosphate and T2DM flux promotes a
physiologic equilibrium that is acclimated to the retention of metabolic toxins which
directly serve as insults to the heart and kidney in cardiorenal syndrome as defined by
KDIGO[3]. In normal physiologic circumstances, increased congestion caused by
edema results in stretch of native mechanosensory nerve fibers scattered throughout
the abdominal and pelvic wall[83]. This leads to a phenomenon known as the
renorenal reflex, by which activation of this system attenuates efferent renal
sympathetic nervous system activity (ERSNA)[84,85]. Decreased ERSNA is associated
with a higher threshold for al-adrenoceptor activation. These receptors play a vital
role in the activation of transporters in the proximal tubule that lead to a state of net
sodium reabsorption. By decreasing their function, the renorenal reflex induces
natriuresis and relief of central congestion. However, chronic kidney disease and
ESRD is associated with dysregulation of the renorenal reflex[86,87]. SGLT2i therapy
approaches this consequence of renal impairment and promotes homeostatic renal
function by offering liberating sodium. Patients with T2DM experience an increase in
filtered glucose, which is reabsorbed along with sodium in the proximal tubule with a
higher affinity[88]. SGLT2i, mitigates the reabsorption of glucose of up to 90%, with
concomitant sodium loss, disinhibiting the juxtaglomerular apparatus from promoting
the hyperfiltration loop. Sodium is subsequently diuresed, sparing the kidney from
edema and congestion.

In spite of phosphate mediated renal decline, SGLT2i have been shown to improve
cardiovascular as well as renal health in patients with T2DM and CKD. CANVAS-
Renal (Canagliflozin and cardiovascular and renal events in type 2 diabetes) was one
trial that elucidated the effects of canagliflozin on cardiorenal outcomes[89]. Primary
outcomes of interest were drawn from composites of cardiovascular death (CVD),
nonfatal myocardial infarction (MI), and nonfatal stroke. Death from any cause, CVD
related death, albuminuria exacerbation, and heart failure hospitalization. The primary
outcome showed improvements in patients receiving canagliflozin compared to
placebo (HR = 0.86; 95%CI: 0.75-0.97, P = 0.02)[20]. Cardiovascular secondary
outcomes did not demonstrate superiority, (death from any cause, P = 0.24), and thus
hypothesis testing was discontinued[20]. However, we will see that other SGLT2i have
differential profiles conducive to cardioprotection in spite of phosphate mediated
damage, and this example of CANVAS-Renal was included to illustrate that
phosphate mediated nephrotoxicity with SGLT2i is not a significant factor as
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demonstrated by clinical trial data as will be discussed. Interestingly, it is noted that
magnesium modifies the cardiovascular mortality profile of patients undergoing
hemodialysis in a positive respect[90]. In one meta-analysis, it was shown that SGLT2i
improved serum magnesium levels with the potential to attenuate PTH, and was
implicated as a potential underlying factor in cardiorenal mortality benefits in one
SGLT2i trial[91]. This is just one of the multiple pleiotropic effects of SGLT2i.

As we see the continuous deleterious effects of hyperphosphatemia, a query in its
mechanisms naturally arises. Investigations into the mitochondrial physiology has
shown that oxidative stress, as seen in patients with T2DM, can exacerbate phosphate
mediated toxicity and cause insulin and glucose dysregulation[92]. Mitochondrial
deficits are the central theme in reactive oxygen species (ROS) formation belief in
which by hyperglycemia mediates ROS formation, which impacts nodes of cardiorenal
significance[35].

HYPERPHOSPHATEMIA, SGLT2, AND CARDIORENAL IMPLICATIONS

One prevailing study directly linking increased intracellular phosphate with
cardiovascular incidents a la ROS is through endothelial dysfunction, which act by
various mechanisms such as nitric oxide mitigation leading to decreased vascular
compliance, vascular apoptosis, and the promotion of atherosclerotic plaques[91-93]. It
has also been shown to promote arterial stiffness in healthy individuals[94]. The
aggregate effect of these processes limits vascular compliance and the ability for the
heart to adapt to hemodynamic instability. T2DM overlays this effect by inducing the
formation of one member of the ROS family, NF-«xB, which increases cardiomyocyte
tension through activating processes related to pressure-induced remodeling and
fibrosis as well as upregulates pro-coagulant factors such as tissue factor VIII and by
proxy, downregulates anticoagulant factors such as plasminogen and urokinase[95,
96]. The net effect of both processes would have ramifications in oxygen flux and the
propensity for the cardiovascular system to abate vascular injury caused by shear
stress, with potential consequences being thrombosis and embolization, and
subsequently MACE. An overview of these processes can be seen in Figure 3.

Maladaptive ramifications of MACE are vast, and may include arrhythmia from
hypertrophy and disequilibrium of the electromechanical conduction system of the
heart in relation to cardiac geometry, to coronary events or heart failure. Both T2DM
and aberrant phosphate toxicity have been implicated in modulating the redox state of
mitochondria, causing disruptions in important cardiomyocyte channel regulators
such as MAPK and calcium flux via SERCA with the propensity to cause abnormal
heart rhythm[97-99].

Yet, evidence with SGLT2i continue to redeem their propensity to bolster the
cardiovascular profile of patients with T2DM. The EMPA-REG OUTCOME trial
(Empagliflozin Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus
Patients-Removing Excess Glucose) was one of the initial SLGT2i trials that gave
insight into the utilization of SGLT2i for patients with a high cardiovascular risk
profile[89]. In the study, three randomized groups were given empagliflozin 10 mg (n
= 2345), empagliflozin 25 mg (1 = 2342), or placebo (n = 2333). EMPA-REG defined its
primary outcomes to note a composite of CVD death, nonfatal MI(s) (not including
silent MI), or nonfatality associated with primary endpoint considerations. Unstable
angina culminating in hospitalizations were designated as the secondary outcome[90].
Reports from this trial noted relative risk reduction (RRR) of around 13% in the
primary outcome group taking both empagliflozin dosages when compared to placebo
(HR = 0.86; 95%CI: 0.74-0.99; superiority P = 0.04)[18]. Secondary outcome was not
statistically significant (12.8% vs 14.3%, HR = 0.89; 95%ClI: 0.78-1.01; superiority P =
0.08).

Moreover, Sato et al[100] examined 46 patients with T2DM given SGLT2i and
observed their QTc, (the absolute range of QT-intervals in a 12-lead electrocardiogram,
and a surrogate for ventricular depolarization. It was shown that SGLTi pharmaco-
therapy resulted in a reduction of QTc by roughly 9%. It is believed that this reduction
in QTc,is not related to glycemic control, but blood pressure reduction. These findings
are interesting as the show the propensity to regulate ventricular depolarization, and
shedding a potential perspective to one pleiotropic effect of mortality reduction in
EMPA-REG as a substantial portion of the cohort in of hypertensive EMPA-REG
cohort participants were designated as having left ventricular hypertrophy per ECG
findings[101,102]. Cardiovascular benefits that deviate from the antidiabetic effects of
SGLT2i such as a decrease in blood pressure show that these agents may hold promise
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Figure 3 Examples of deleterious cardiovascular pathways associated with hyperphosphatemia and reactive oxygen species. Adapted from
Servier Medical Art, which is licensed under a Creative Commons Attribution 3.0 Unported License. ROS: Reactive oxygen species; NF-kB: Nuclear factor kappa-B.

in counterbalancing the deleterious effects of ROS and phosphate on multiple fronts.

Another class of SGLT2i, Dapagliflozin, has also been vindicated and shows
propensity to leverage the negative vasoconstrictive effects of phosphate and
hyperglycemia mediated ROS as demonstrated by Li et al[103]. The ability for SGLT2i
to reduce blood pressure was examined via application of dapagliflozin on the aortic
rings of male New Zealand white rabbits. Subsequently, vasodilatory events were
noted due to the activation of voltage-dependent potassium channels. Moreover, it
was shown that SGLT2i had the ability to affect cellular signaling pathways via protein
kinase G, which has been speculated to play a role in the opening of calcium-activated
potassium channels, with a concomitant influx of positive ions into the vasculature,
resulting in cellular hyperpolarization, relaxation, and vasodilation. SGLT2i still had
the propensity to induce vasodilation after the aortic rings were removed of their
endothelium with nifedipine, a calcium channel blocker, or with administration of
nitric oxide inhibitors. Voltage-dependent potassium channels and protein kinase G
inhibitors however resulted in amelioration of vasodilation, suggesting that SGLT2i
may work via signaling pathways to attenuate extraneous negative players in
cardiovascular health.

DECLARE TIMI-58 (Dapagliflozin Effect on CardiovascuLAR Events) is yet another
clinical trial redeeming the cardioprotective profile of SGLT2i in spite of phosphate
mediated increases with pharmacotherapy. This trial recruited 17160 patients with
T2DM[104]. DECLARE TIMI-58 defined their co-primary endpoints as MACE (defined
by CVD, M, or ischemic stroke), with positive results (HR = 0.93; 95%ClI: 0.84-1.03).
Second co-primary endpoints included HF hospitalization or CVD death composites
with results yielding a 18% relative risk reduction (4.9% vs 5.8%; HR = 0.83; 95%CI:
0.73-0.95). Second co-primary endpoints in this study were attributed to a relative risk
reduction of 27% regarding heart failure hospitalizations (HR = 0.73; 95%CI: 0.61-0.88).

While the clinical data supports that an increase in phosphate and potential roles it
has on vascular calcification, ROS modulation, and exacerbation in the patient with
T2DM has no effect and in fact, is shown to improve cardiovascular mortality with
SGLT?2i, multiple questions arise to how. Glucosuria induced by SGLT2i in patients
with T2DM has been shown to reduce the maximal renal glucose transport in addition
to the threshold for glucosuria, resulting in a loss of glucose that would otherwise be
used to help procure deleterious ROS in the inflamed mitochondria. As demonstrated
previously, however, the effects of SGLT2i to taper phosphate effects go beyond
antidiabetic properties, and include rhythm control, cellular signaling pathways,
hemodynamics, and mineral turnover. More work needs to be done to elucidate the
mechanisms of mineral turnover in the nephron given the total variants of SGLT2
proteins in the kidney as well as the pharmacotherapeutic agents, and this work will
help understand contextually the full scope of cardiovascular mortality benefits seen
with this drug and as validated by clinical trial data.

WJC | https://www.wjgnet.com 685 December 26,2021 | Volume13 | Issuel2 |



Nashawi M et al. SGLT2 inhibition and phosphate metabolism

Jaishideng®

SGLT2i and other electrolytes: An annotation towards inclusive insight in

pharmacodynamics

While this review focused on the effect of phosphate in relation to its changes with
SGLT2i therapy correlated with cardiovascular mortality, a brief commentary on the
other electrolytes affected by SGLT2i pharmacotherapeutics offers a proclivity to
understand the global influence of these drugs. Moreover, these electrolytes have their
own cardiorenal effects, and a succinct commentary is warranted given that scope.
Therefore, we will include a remark on the current literature using the same standards
regarding a focus on evidence-based medicine indexed to translational biology and
clinical explanations to share the effects that SGLT2i have on such electrolytes.

A meta-analysis that included a query which successfully harvested random clinical
trial (RCT) data of 15309 patients with T2DM taking four SGLTi (canagfliflozin,
dapagliflozin, empagliflozin, and iprafliglozin) offers significant insight on the
administration of SGLT2i and magnesium levels[89]. Meta-regression analyses for
each agent was implemented by the authors of the aforementioned meta-analysis to
evaluate the dose-dependent effects for each SGLT2i given the different classes
involved. Scrutinization of this study showed that SGLT2i therapy have the propensity
to elevate serum magnesium levels 0.08-0.2 mEq/L in T2DM patients compliant with
pharmacotherapy. One limitation of this meta-analysis was that patients with CKD are
not mentioned in this study. Both magnesium metabolism is impacted in this
population group, and there is significant evidence to show a considerable proportion
of SGLT2i-eligible patients with CKD are not prescribed in this population despite
guideline recommendations for their utilization in this population[19]. Nevertheless,
there is some evidence that shows canagliflozin as an agent is beneficial in magnesium
retention in patients who have T2DM and CKD (defined as 30 < eGFR < 50
mL/min/1.73 m?) giving reassurance that these agents may be indicated for the
regulation of cardiorenal pertinent electrolytes[104,105].

It should be noted in the scope of cardiovascular disease; magnesium levels hold
value as supported by another meta-analysis able to aggregate 313,041 patients. Of
these patients, 11995 cardiovascular disease risk stratification[106]. It was determined
that each increase in 0.2 mmol/L of serum magnesium conferred a 30% decreased risk
of CVD acquisition (RR = 0.70; 95%CI: 0.56-0.88 per 0.2 mmol/L step-size in the
physiologic range).

There are many interesting insights to gain from the role of other electrolyte
influences in cardiovascular mortality, especially when compared to phosphate
metabolism and its seemingly deleterious effects that were offset by SGLT2i. Cohort
studies using CKD patients as a model for hyperphosphatemia show those with lower
magnesium levels exhibited increased cardiovascular mortality[107]. Cardiovascular
mortality risk in the setting of hyperphosphatemia has been shown to be blunted in
those who have normal to high serum magnesium levels. These same cohort studies
show evidence that that magnesium, in-vitro, offsets hyperphosphatemia mediated
sequelae conducive to a MACE phenotype, such as the induction of vascular smooth
muscle cell calcification that may affect endothelial cell function. Moreover, higher
serum magnesium levels hampered the progression of CKD in patients with
hyperphosphatemia, highlighting a shared cardiorenal protective nature with SGLT2i.

There are multiple mechanisms by which magnesium may achieve this affect. With
respect to the heart, magnesium has been shown to stimulate ATPase, critical for the
maintenance of the sodium-potassium pump within the ventricular myocardium[108].
Further investigations have shown that deficiencies in magnesium lead to aberrant
potassium and sodium balances, leading to an increased risk of arrhythmia. Moreover,
magnesium serves a role as mitochondrial enzyme cofactors, and its dearth leads to a
deficient mitochondrial metabolic status, leading to increased reactive oxygen species,
a propensity for thrombus formation, and endothelial dysfunction[109]. These antiar-
rhythmic affects may explain have played a role in the reduction of arrhythmias as
marked by stability of QT observed in one study that attempted to elucidate the affects
SGLT2i therapy had on the positive clinical end-outcomes in the EMPA-REG outcome
trial, showing that Empagliflozin helped mitigate abnormal heart rhythms, and was
attributed to be a major cause of mortality and morbidity reduction[110,111].
Magnesium is also noted to be a Gaba, potentiator in the central nervous system, and
its binding has been hypothesized to promote a decrease in blood pressure, decreased
sympathetic tone, and the mitigation of tachyarrhythmias via parasympathetic and
anxiolytic properties[100].

Magnesium wasting is common in patients with T2DM and it is believed that
SGLT2i help normalize magnesium levels through an array of mechanisms. For
example, T2DM is associated with an increase in transporters that promote
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magnesium transport across to the luminal side of the nephron lead in diuresis of
magnesium, and reduction of hyperglycemia is believed to give a reprieve from this
wasting of magnesium[112]. The proposed mechanism are that in-vivo studies have
noted increased magnesium increased magnesium reabsorption at the distal
convoluted tubule within the nephron through an insulin dependent mechanism that
activates increased expression of TRMP6, an ion channel that allows for entry of
luminal magnesium ions into the distal convoluted tubule. Within the tubule, a
sodium-magnesium that is believed to be putative in nature, represents the proclivity
for basolateral transit of magnesium[113]. This process functionally represents the
most terminal opportunity for magnesium reabsorption in the nephron beyond the
loop of Henle[114]. It should be noted that this mechanism is partially sodium
dependent and may involve increased absorption due to the increased tubular
retention of sodium that would have otherwise been excreted in the proximal
convoluted tubule by the sodium-glucose cotransporter without SGLT2i therapy[114,
115]. In insulin resistance, there is a decrease in TRMP6 expression, leading to
decreased tubular magnesium ion flow, and loss of magnesium in urine. This is
consistent with the association of low magnesium levels in patients with T2DM.
Moreover, intra-pancreatic magnesium has been shown to improve insulin sensitivity
by serving as a potentiator of depolarization of pancreatic B-cells responsible for
insulin release[116]. However, deficits in insulin utilization and magnesium
availability may lead to a cycle in which the diabetic status is exacerbated. This
represents an opportunity for SGLT2i therapeutics to normalize insulin-magnesium
dynamics and could be used to explain some components of positive clinical endpoint
response. It should be noted that markedly decreased magnesium levels in lieu of
activating parathyroid hormone when mildly depressed, prevent parathyroid
hormone secretion. The purported mechanism for this phenomenon is that some basal
level of magnesium ions is required for the function of the calcium-sensing receptor
(CaSR) expressed in the parathyroid gland and renal tubules, and is responsible for
regulating calcium by regulating the release of parathyroid hormone (PTH)[117].

This leads to our second ion of consideration in SGLT2i therapy- calcium. Calcium
serves multiple roles as a protein activator or inhibitor, can form pathologic deposits,
or mediate neurologic signaling- all important in cardiovascular health. Within electro-
physiologic considerations, calcium ions are important during the phase 0 upstroke
stage in pacemaker action potentials when voltage-gated calcium channels open, and
due to their relatively lower negative resting potential, fast-voltage gated sodium
channels expressed remain permanently inactivated. This results in a “lag” effect that
the AV node utilizes to prolong potential transmission from the atria to the ventricles
for a unified beat. In the myocardium, calcium plays an important role in the
maintenance of depolarization. As depolarization begins, intracellular potassium
channels open and are released to bring the membrane potential to equilibrium, which
would terminate the depolarization sequence. However, voltage-gated calcium
channels promote the inward flux of calcium ion that activates further calcium release
from the sarcoplasmic reticulum, maintaining a plateau that prolongs myocyte
contraction and adequate myocardial tension to initiate the stroke volumes needed to
maintain perfusion. It is postulated the calcium channel itself in myocardiocytes is
dependent upon calcium for its closing[118]. A hypocalcemic state leads to slower
calcium leakage within the myocardial membrane, meaning a longer time to reach a
concentration to close the L-Type calcium channels, extending the action potential, and
by proxy, initiating QT prolongation[119]. In the previously mentioned study by Blau
et al[50], the 25 research participants who received 300 mg Canagliflozin over placebo
for 5 d revealed no change in the serum concentration and ionized-calcium concen-
tration among the participants over this period. However, calcium excretion defined as
(mmol/d)/(grams of creatinine) as a function of the day on which urine was collected
revealed a statistically significant differential decrease in urinary calcium excretion on
day 4 (1.50 vs 1.78; P = 0.04)[50]. The subsequent day showed a trend, albeit not statist-
ically significant, towards the same trajectory of urine calcium dynamics (day 5, 1.40 vs
1.66; P = 0.09).

Within the biomarkers assessed in the Canagliflozin study, fibroblast growth factor
23 (FGF23) was tracked. FGF23 is known to be provoked by increased phosphate, and
the latter also provokes PTH excretion. Therefore, by proxy, SGLT2i by increasing
phosphate, increase both FGF23 and PTH[120,121]. Within this small study, FGF23
levels peaked roughly 12 h after phosphate reached its maximus, consistent with
physiologic studies of FGF23 expression[122]. FGF23 acts on the proximal tubule,
inhibiting NPT2, a cotransporter of sodium and phosphate (which may further explain
why natriuresis is not the predominant mechanism of urinary loss within SGLT2i
administration after phosphate levels subsequently reach clinically relevant concen-
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trations)[123]. Interestingly, FGF23 suppresses 1-a-hydroxylation of Vitamin D to
activate it , while PTH promotes 1-a-hydroxylation resulting in a mismatch of calcium
reabsorption[121]. The dynamics of this small-scale Canagliflozin study that measured
FGF23, PTH, and 1,25-dihydroxyvitamin D levels on a daily basis implied that early
FGF23 expression resulted in a transient hypocalcemia. The decrease in 1,25-
dihydroxyvitamin D theoretically decreased the gastrointestinal harvest calcium ion,
further stimulating PTH, which has already been induced by SGLT2i mediated
phosphatemia. PTH in this cohort may have resulted in net renal tubular reabsorption
of calcium ion by the relative influence of SGLT2i. The effect of hypercalciuria may
have been a temporary transient effect of osmotic diuresis, as it resolved by day 5. A
study involving higher power may be needed to elucidate the effects of SGLT2i on
calcium metabolism, as FGF23 expression has been noted to promote paracrine
regulation resulting in left ventricular hypertrophy, contraindicative to net positive
CVOT outcomes, while also promoting degenerative vascular changes in the kidney
[124].

It seems however based on data related electrolyte flux, calcium may not be as
significant player in SGLT2i therapy. The only CVOT trial in which bone fractures (a
surrogate for phosphate and calcium metabolism) seemed to exhibit a differential risk
for bone fractures was CANVAS, a Canagliflozin based trial. Total fracture incidence
for bone fracture was more prominent in the canagliflozin group relative to placebo
(15.4 vs 11.9 fractures among participant per 1000 patient-years; HR = 1.26, 95%Cl:
1.04-1.52)[20]. However, this trial when compared to the plethora of dapagliflozin and
empagliflozin CVOT trials employed a larger proportion of T2DM diagnosis, female
gender, and degree of obesity- all factors associated with bone fractures and by proxy,
calcium and phosphate flux relative to other SGLT2i. CREDENCE, another
canagliflozin trial, did not report a differential fracture risk among patients.
Nevertheless, scrutinizing the role of calcium in SGLT2i therapy has important
ramifications when discussing the role they pose in cardiac electrophysiology, wasting
in those with CKD, their ability to act as signal transduction messengers, and other
downstream factors to explain their role in SGLT2i mediated health benefits.

CONCLUSION

Through the use of translational biology, a known side-effect of SGLT2i,
phosphatemia, was able to be shown as diminutive relative to the pleiotropic effects of
these new class of antidiabetic agents. Commentaries such as these show that despite
theoretical contraindications to pharmacotherapy, the full spectrum of drug effects
may outweigh what seems to be harmful, resulting in a net positive clinical profile.
Yet, more work needs to be done on elucidating the pathways by which SGLT2i act
peripherally beyond the nephron. There is a slew of research implicating cytokine
modulation, gene expression, and inflammasome activation in avenues not previously
discovered that may give new insight into how these agents have propelled their way
to shifting from antidiabetic agents to pharmacotherapeutic options with
cardiovascular benefits.
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Abstract

Ischaemic heart disease (IHD) is a major cause of morbidity and mortality
worldwide. While there have been major advances in this field, these patients are
still a higher risk subgroup. As such, strategies to mitigate risk and tailor
secondary prevention measures are of the utmost relevance. Cardiac rehabilitation
(CR), encompassing several domains including exercise training, cardiovascular
risk factor optimization, nutritional and psychological assessments, as well as
other ancillary interventions has shown to be one of the pillars in the contem-
porary management of patients with IHD. Indeed, CR is associated with several
benefits in this population, ranging from functional capacity to improvements in
outcomes. Whilst this, there are still several issues concerning the optimal
application of CR which are still not fully ascertained, such as lack of referral and
completion, as well as questions related to programme design (particularly among
patients with multiple comorbidities). In this review, we aim at presenting a
pragmatic overview on the current role of CR in the management of individuals
with IHD, while also discussing some of the caveats in the current data, as well as
future concepts which could help improve the uptake and personalization of this
pivotal time-tested intervention.
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Core Tip: Ischaemic heart disease (IHD) is a leading cause of morbidity and mortality.
Cardiac rehabilitation (CR) programmes have evolved over the years, as to provide
comprehensive frameworks encompassing several domains of secondary prevention
and forming an integral part of the contemporary management of individuals with THD.
Whilst this, the optimal application of these programmes, in diverse subsets of patients,
remains an evolving and challenging field. In this review, we present a pragmatic
overview on the current data concerning CR in IHD, while also discussing some of the
caveats and future perspectives in this topic.
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INTRODUCTION

Cardiovascular diseases (CVD) are a major cause of morbidity and mortality
worldwide[1-3]. Ischaemic heart disease (IHD) is one of its most common present-
ations, and though significant advances have been made in terms of both its diagnosis
and management, patients with IHD still represent a higher risk subgroup[4-6]. Given
this background, strategies focused on optimizing overall secondary preventive
measures have been the focus of increased interest[4,7,8].

Cardiac rehabilitation (CR) programmes are one of the pillars of the contemporary
management of individuals with IHD, being associated with improvements in both
morbidity and mortality[6,7,9,10]. Over the years, these programmes have evolved
into comprehensive and multidimensional secondary prevention frameworks
encompassing several domains ranging from exercise training (ET) to lifestyle
counselling, cardiovascular risk factor (CVRF) optimization, psychological
interventions, as well as nutritional support and other ancillary interventions[11,12].
While the central role of CR programmes in the management of IHD is currently
consensual, there are still several hinderances concerning its optimal application, as
manifest by the diversity in programme designs, availability, and patient enrolment
[11,13-15]. Moreover, tailoring of these programmes for traditionally less referred
subgroups of patients such as women and the elderly, as well as the role of novel
strategies to improve referral and completion are also areas of intense interest[8,16-18].

In this review, we aim at presenting a focused and pragmatic overview of the role of
CR programmes in the management of individuals with IHD, as well as reviewing
some of the challenges and future perspectives concerning this intervention.

CR IN ISCHAEMIC HEART DISEASE

General concepts

Over the last decades, the important role of exercise in the management of individuals
with IHD has come under the spotlight[19,20]. Though its potential role in the
modulation of anginous symptoms is often ascribed to the classical work of Heberden
in the 18" century, the first descriptions of exercise-based rehabilitation in individuals
after a myocardial infarction were only reported several years later, well into the 20*
century[19,21,22]. Importantly, these early pioneers had a crucial role in changing the
then-current status quo of prolonged immobilization, by reporting on the benefits of
exercise (adapted to the individual patient) in this specific setting[19]. Since these
pivotal landmarks, several studies have extensively reported on the myriad benefits of
ET in individuals with IHD[8,9,23,24].
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Exercise can have a profound impact on the cardiovascular (CV) system, both in the
heart as well as in the peripheral vasculature[10,20,25-27]. Interestingly, though its
effect on left ventricular systolic function per se can vary (depending on factors such as
the population under study, timing of introduction and type of protocol), data concurs
as to the improvements in functional capacity [as assessed by surrogates such as the
peak oxygen consumption (pVO2)][20,28-30]. In addition, its impact on other sites
such as the pulmonary and musculoskeletal systems should also be kept in mind,
particularly when analysing data related to overall functional capacity as well as its
impact in the face of the complex multimorbidity patient[20,31-33]. Moreover, and
given recent reports illustrating the putative role of inflammation in IHD, the potential
modulation of inflammatory pathways by physical activity has also been postulated as
being one of the mechanisms underlying the benefits of exercise-based CR[25,34]. Of
note, however, that while some mechanistic as well as clinical data have supported
this hypothesis, further research is still needed to fully ascertain the potential relative
contribution of inflammatory modulation and metabolic substrate utilization to the
overall improvements in individuals undergoing CR[25,34-36].

The role of exercise in preventing CVD has been extensively explored, as depicted
by the data showing its relevance in reducing the incidence of several pathologies such
as heart failure (HF) and mortality[4,37,38]. Interestingly, though some reports have
explored the notion that intense ET could potentially lead to detrimental CV effects, as
manifest by phenomena ranging from elevations in cardiac biomarkers (such as
cardiac troponin and natriuretic peptides) to coronary artery calcification and
myocardial fibrosis, data has consistently shown the beneficial effects of moderate
regular exercise[27,38-41]. As such, though these factors should be taken into consid-
eration, particularly in terms of exercise prescription and personalization, the plethora
of benefits associated with ET should be further highlighted, namely in the setting of
IHD[9,10,42] (Figure 1).

CURRENT EVIDENCE CONCERNING CR

As discussed above, there are several potentially beneficial biological effects of ET[25,
38,43] (Figure 1). In accordance with these data, it has become one of the central
components in the management of IHD[4,6-8]. While the contribution of ET is
undisputable, CR programmes have progressively incorporated increasingly different
facets, as to provide a comprehensive approach to the individual patient[8,11,12,44].
This progression mirrors the growing complexity of both patients (including multiple
comorbidities, the inclusion of older individuals as well as differences in terms of
socio-cultural backgrounds) as well as of therapeutic modalities, and as such the need
to provide an ever more patient-centred intervention, as to improve outcomes[11,44-
46]. Interestingly, as the concept of global CV risk (comprising different CVRF, as well
as modulators which could have varying levels of influence) becomes paramount in
the CV assessment, the utility of CR in tackling different components of CVD gains
additional relevance[4,8,11]. Indeed, reports have shown the benefits of compre-
hensive programmes, when compared to isolated interventions[44,47]. These concepts
are reflected in the current recommendations by different societies, which reinforce the
need for CR programmes to include multiple components, as to provide optimal risk
management strategies[11,48-50]. In this regard, the European Association of
Preventive Cardiology (EAPC) has recently provided guidance on the core
components of CR programmes in individuals with IHD (as well as in other CVD),
while also presenting a position statement concerning standardization of this
intervention[8,11].

Different studies have assessed the impact of CR programmes in the setting of IHD
[9,23,51,52]. A meta-analysis performed by Anderson et al[23] reported on significant
benefits in terms of CV mortality, hospitalizations, and quality of life. Subsequently,
and as to address the relevance of this intervention in a contemporary setting, the
CROS-II meta-analysis (including only individuals enrolled by 1995 or later) provided
further evidence on CR, as attested by reductions in mortality[9]. The benefits for
patients undergoing CR in this setting have also been reported in observational real-
word studies[53-55]. Importantly, the CROS-II study also reinforced the need for
standardization across different programmes, as to allow further assessments[9,51].
This point should be particularly taken into consideration when analysing data from
studies which do not report on benefits in terms of outcomes[51,56-58], as differences
in programme design, ET compliance and intensity could (at least partially) explain
some of these discrepancies[59-63]. This latter point should be further considered, and
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it has also been explored when addressing different training methodologies[62,63]. In
this regard, albeit high-intensity interval training (HIIT) showed interesting results
when compared to moderate continuous training, three large randomized controlled
trials in coronary artery disease (CAD), HF with reduced and preserved ejection
fractions (respectively) failed to show an advantage of HIIT in terms of the pVO2[62-
64]. Importantly, exercise prescription played a pivotal role, as acknowledged by the
authors, reinforcing the need for a personalized and highly integrated approach[62,
63]. It should also be recalled that the number of CR sessions performed can influence
results, as illustrated by data showing that performing a smaller number can lead to
worse outcomes[65,060]. These concepts had previously been elegantly raised by
Sandercock et al[56] by comparing the case of ET to the prescription of pharmaco-
logical therapies, where in both cases dosing issues could affect the overall results of
the intervention.

Differential responses should also be further explored, as studies have shown that
the functional response to CR (namely as expressed by the pVO2) can be associated
with outcomes[67,68]. In this regard De Schutter et al[67], assessing data from 1171
individuals with coronary heart disease (CHD) who underwent a phase II CR
programme, showed significant differences in mortality when comparing those who
had improvements in pVO2 to those who did not. When assessing pVO2 as a
continuous variable, a 1 mL/kg/min improvement in pVO2 was reported as being
associated with a 10% reduction in mortality[67]. Recently, Carbone et al[68] also
reported that among individuals with CHD undergoing CR, pVO2 at the end of the
CR programme was a predictor of mortality. Notably, associations between pVO2 and
CV events have also been reported in other settings, further reiterating the need for
rigorous programme designs, namely in terms of exercise prescription[8,11,68,69]. Of
mention, the timing of CR initiation (after an acute event) should also be taken into
consideration as this can be associated not only with reduced uptake and completion
but can also influence the response to ET[10,28,29,70].

Another issue which should be discussed pertains to the cost-effectiveness of CR[S,
23]. Some studies have suggested the cost-effectiveness of CR among individuals with
IHD, while an analysis by Hinde et al[70] also supports potential benefits in expanding
overall CR coverage[71-73]. Though these data concur as to the relevance of CR, as
discussed by Barradas-Pires, differences in terms of programmes and population
under study should also be noted, as standardization of CR programmes (as discussed
above) would allow further analysis of the best ways to optimize this intervention,
while potentially streamlining patient care[71,74]. Beyond this, it should also be
referred that differences in terms of overall policies (When comparing world regions)
could also influence CR programmes (namely in terms of accessibility and uptake), a
factor which should also be acknowledged[13,14].

While the abovementioned caveats should be kept under consideration, the wealth
of data supporting the relevance of CR in individuals with IHD in terms of both
morbidity and mortality reinforces its role in this group of patients. This is reflected by
current guidelines by both the European Society of Cardiology and the American
Heart Association/American College of Cardiology, which attribute these pro-
grammes high levels of recommendation in this setting, highlighting the paramount
role of contemporary CR in the optimal management of IHD[4,6,7,75,76].
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CHALLENGES TO CR

As stated above, CR programmes are endorsed as part of the standard management
strategy of IHD[4,6,7,75]. Whilst this, data has shown that CR is often underutilized
and that even in those who are referred for this intervention, many do not complete
the pre-specified programmel[8,13,14,77,78]. Notably, while the issue of CR underutil-
ization can affect a substantial number of individuals, as illustrated by data from the
ESC-EORP EUROASPIRE V study where less than half of individuals with CAD were
referred for CR, this can particularly affect certain subgroups such as women and
older patients[77-81].

A seminal work derived from the European Cardiac Rehabilitation Inventory
Survey showed that asymmetries could affect different phases of CR, while also noting
geographical differences[14]. This latter issue was also reported on a study assessing
CR availability worldwide, showing important differences according to location[13].
Though outside the scope of the present report, several factors encompassing patient-
related, physician-related, and system-related barriers can affect CR referral as well as
completion[5,14,82-84] (Table 1). As such, and as reviewed by Chindhy et al[83],
strategies directed at each of these components should be the focus of further tailoring,
as to allow increased CR uptake. Strategies such as physician and patient education on
the benefits of CR, automatic patient referral, flexible hours as well as optimization of
expense coverage and early appointments after hospital discharge have been among
some of the modalities postulated as to tackle some of these barriers[14,83,85].
Additionally, the potential utilization of alternative modalities should also be reflected
upon, to mitigate some of these barriers[82,86-88]. Interestingly, and as discussed
below, home-based CR (HBCR) as well as the incorporation of different technologies
(such as sensors) could also be of interest, as to address some of these gaps[82,83,89,
90]. As detailed in a statement concerning HBCR, this could be an option to overcome
several barriers to CR such as scheduling, access, and transportation issues, as well as
enrolment delays, though pitfalls such as less intensive training, monitoring and safety
concerns related to higher risk patients have also been noted as some of its potential
disadvantages[89,91,92]. Importantly, data has shown that this strategy can be
performed safely while providing several benefits[89,91,93]. Whilst this, differences in
programme designs (including patient characteristics as well as programme duration
and frequency) should be considered when analysing comparisons with centre-based
CR[89]. Interestingly, although older individuals have traditionally been less
represented, a study has shown that a home-based programme was associated with
significant functional benefits among the elderly, thus showcasing its possible
relevance in this subgroup[92,94]. Notwithstanding the major advances facilitated by
the growing digitalization of healthcare, adaptation of facilities as to provide the
different facets of contemporary CR (including not only ET but also testing,
educational sessions and other interventions) should also be reflected upon, as to
maximize resource utilization[11,95].

One important aspect pertains to the presence of multiple comorbidities among
individuals with IHD[8,96,97]. Indeed, as patients present with increasingly complex
clinical contexts (such as in the elderly, as well as those with HF and polyvascular
disease), tailoring of CR programmes can be particularly challenging[8,96-98].
Notably, ET can be associated with functional improvements such as walking distance
in patients with peripheral artery disease (PAD), being recommended as an important
part of the management of individuals with intermittent claudication[8,99]. Whilst
this, studies have shown that functional benefits can differ when comparing patients
with CAD with those who present with both CAD and PAD[9,98,100]. Another
frontier field which is rapidly expanding relates to cardio-oncology rehabilitation[8,
101]. Importantly, attending to the specificities related both to CV pathophysiology as
well as to the potential impact of the oncologic disease and its associated treatments,
the most adequate programme should be highly individualized and structured on a
multidisciplinary setting[101-104]. Given these backgrounds, optimization of CR
programmes in these frontier fields should be the focus of further research.

As mentioned above, the response to CR is an important aspect, as this has been
shown in some studies to be associated with outcomes[67,68]. While some factors such
as age and gender have been associated with modulation of the response to CR,
several others have been postulated as having a role in explaining some of the
differences in this response[17,25,67,81]. As expertly reviewed by Gevaert et al[25], the
overall determinants to the complex individual response to CR should be further
ascertained, as to allow improvements in its application. In this context, both clinical
research as well as translational data, supplemented by the possible inclusion of
insights gained from the application of novel instruments such as artificial intelligence
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Table 1 Some of the challenges concerning cardiac rehabilitation uptake and completion

Suboptimal referral rates

Limited access (centre availability, geographical issues, transportation, etc.)

Challenges concerning programme design (working hours, participant characteristics, efc.)

Low participation of different subsets of patients (women, elderly, patients with multiple comorbidities, etc.)

Language barriers
Socio-economic issues

Low motivation and/or low self-efficacy

Challenges in the patient/ provider relationship

Lack of knowledge concerning cardiac rehabilitation

Jaishideng®

and multi-omics technologies could improve current knowledge on the pathways
involved in the response to CR in different individuals[25,105].

FUTURE PERSPECTIVE

As detailed in the current review, contemporary CR provides an ample secondary
prevention framework, able to provide a comprehensive approach to the complex
patient with IHD[4,6,8,10]. Nevertheless, questions related to the optimal application
of CR among distinct subsets of patients (with a focus on those with different
comorbidities) as well as the asymmetries in patient referral and completion still
present highly important challenges.

The use of novel technologies has steadily made an impact across different fields of
Medicine, including CR[25,90,105-107]. Though the interest in HBCR has been present
over the years, with data showing that this could be an interesting option in different
subsets of patients, the recent COVID-19 pandemic has markedly expanded the
interest in novel models (including hybrid ones) of CR[89,90,108,109]. In this
background, models which incorporate concepts of telehealth (namely encompassing
different technologies) have been proposed as to allow continuity of care, while
minimizing risk[110,111]. Of note, beyond this transitioning phase, these have been
postulated as being of potential use to allow for future improvements in overall CR
access[90]. Though the use of tele-rehabilitation has made great strides over the last
years, as to mitigate some of the barriers associated with CR (particularly in terms of
transportation, timing, and potentially cost), questions related to the relative role of
hybrid models, as well as of the individuals who could benefit most from these, should
be the focus of further study[90,94,109,112]. Moreover, the inclusion of digital tools
such as mobile applications as well as sensors (to address not only data related to ET
but also to different physiological facets including weight and diet as well as possible
CVREF control) should also be a cornerstone of research[90,106,113,114]. Interestingly,
some studies highlight the potential in the use of digital applications (often included in
the broader concept of mHealth, as the use of wireless technologies with the aim of
improving health outcomes) in CR[114]. These could improve access to CR (namely
when applied in the framework of HBCR) and allow for more intensive monitoring of
different parameters (such as CVRF and physical activity)[90,106,114]. Indeed, some
reports have shown that telemonitoring could be of interest in IHD, namely being
associated with benefits in functional capacity, whereas the integration of other
modalities could allow additional options to address psychological parameters[113,
115,116]. In this regard, a randomized study comparing the use of a wrist heart rate
monitor with standard training showed that this could be associated with similar
increases in pVO2 at twelve weeks, whereas another randomized study (the REMOTE-
CR trial, assessing 162 individuals with CHD) showed that cardiac telerehabilitation
could lead to comparable results in terms of pVO2[117,118]. While highly promising,
questions related to the optimal application of mHealth in CR, particularly in terms of
its inclusion across different moments in the CR continuum, should be the focus of
additional research[110,114,118,119]. Beyond this, studies aimed at defining the most
adequate platforms for a given programme (as well as their comparison to standard
methodologies and subsequent validation) and further large, randomized trials would
also be of importance, as to allow for an increasingly personalized approach[90,94,120-
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122].

Another aspect worthy of mention pertains to the functional assessment
methodology. While this point has been comprehensively reviewed in a position
statement by the EAPC, novel insights (as discussed above) could also add interesting
data[11,42,120,121]. While exercise testing (namely cardiopulmonary exercise stress
testing) has a central role, other methods have also been described as of potential
interest[11,42,90,123,124]. In this regard, the use of the 6-min walk test in assessing
exercise progression has been proposed, whereas another recent study (albeit in a
small number of individuals) reported on the use of the 200-m fast walking test in
tailoring exercise in low to moderate risk CHD patients undergoing HBCR[123,124].
The relative role of these parameters (namely in the face of data derived from digital
platforms) should also be further ascertained[121,125].

Finally, the concept of programme standardization will continue to have a central
place when addressing the data for CR[8,11,12]. Data from different CVD shows that
there are still variances across CR programmes in ET prescription, a fact which should
be considered[126,127]. As mentioned above, standardization (and potential
certification) of CR programmes could be of marked importance as to allow
benchmarking and process optimization, across varied settings[11,12]. In this regard,
also the evolution of preventive cardiology as a highly specialized area of Cardiology,
as endorsed by the recently published core curriculum in Preventive Cardiology by
the EAPC, could allow for further developments in this specific setting[11,128-130].

CONCLUSION

While substantial advances have been made in the management of IHD, this remains a
major cause of morbidity and mortality. Contemporary CR programmes encompass a
broad range of interventions, aimed at providing a comprehensive secondary
prevention approach to these challenging individuals. Though differences in
programme design and application should be considered, data has shown its relevance
in improving outcomes, across different contexts. Importantly, the optimal strategy in
different groups of patients (such as the elderly and other traditionally less
represented individuals) remains an evolving field.

As the complexity of IHD in terms of patient characteristics and different
therapeutic strategies (with an increasing focus on mitigating residual risk) grows, the
central role of CR as a highly tailored intervention will grow ever more relevant, in the
era of precision-based personalized medicine.

REFERENCES

1 Timmis A, Townsend N, Gale CP, Torbica A, Lettino M, Petersen SE, Mossialos EA, Maggioni AP,
Kazakiewicz D, May HT, De Smedt D, Flather M, Zuhlke L, Beltrame JF, Huculeci R, Tavazzi L,
Hindricks G, Bax J, Casadei B, Achenbach S, Wright L, Vardas P; European Society of Cardiology.
European Society of Cardiology: Cardiovascular Disease Statistics 2019. Eur Heart J 2020; 41: 12-
85 [PMID: 31820000 DOTI: 10.1093/eurheartj/ehz859]

2 Virani SS, Alonso A, Aparicio HJ, Benjamin EJ, Bittencourt MS, Callaway CW, Carson AP,
Chamberlain AM, Cheng S, Delling FN, Elkind MSV, Evenson KR, Ferguson JF, Gupta DK, Khan
SS, Kissela BM, Knutson KL, Lee CD, Lewis TT, Liu J, Loop MS, Lutsey PL, Ma J, Mackey J,
Martin SS, Matchar DB, Mussolino ME, Navaneethan SD, Perak AM, Roth GA, Samad Z, Satou
GM, Schroeder EB, Shah SH, Shay CM, Stokes A, VanWagner LB, Wang NY, Tsao CW; American
Heart Association Council on Epidemiology and Prevention Statistics Committee and Stroke
Statistics Subcommittee. Heart Disease and Stroke Statistics-2021 Update: A Report From the
American Heart Association. Circulation 2021; 143: ¢254-¢743 [PMID: 33501848 DOI:
10.1161/CIR.0000000000000950]

3 MalyY, Chen WW, Gao RL, Liu LS, Zhu ML, Wang YJ, Wu ZS, Li HJ, Gu DF, Yang YJ, Zheng Z,
Hu SS. China cardiovascular diseases report 2018: an updated summary. J Geriatr Cardiol 2020; 17:
1-8 [PMID: 32133031 DOI: 10.11909/j.issn.1671-5411.2020.01.001]

4 Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C, Catapano AL, Cooney MT, Corra U,
Cosyns B, Deaton C, Graham I, Hall MS, Hobbs FDR, Laechen ML, Lollgen H, Marques-Vidal P,
Perk J, Prescott E, Redon J, Richter DJ, Sattar N, Smulders Y, Tiberi M, van der Worp HB, van Dis
I, Verschuren WMM, Binno S; ESC Scientific Document Group. 2016 European Guidelines on
cardiovascular disease prevention in clinical practice: The Sixth Joint Task Force of the European
Society of Cardiology and Other Societies on Cardiovascular Disease Prevention in Clinical Practice
(constituted by representatives of 10 societies and by invited experts)Developed with the special
contribution of the European Association for Cardiovascular Prevention & Rehabilitation (EACPR).

WJC | https://www.wjgnet.com 701 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/31820000
https://dx.doi.org/10.1093/eurheartj/ehz859
http://www.ncbi.nlm.nih.gov/pubmed/33501848
https://dx.doi.org/10.1161/CIR.0000000000000950
http://www.ncbi.nlm.nih.gov/pubmed/32133031
https://dx.doi.org/10.11909/j.issn.1671-5411.2020.01.001

Vilela EM et al. CR in coronary artery disease

Jaishideng®

10

11

14

16

Eur Heart J2016; 37: 2315-2381 [PMID: 27222591 DOI: 10.1093/eurheartj/ehw106]

Piepoli MF, Corra U, Dendale P, Frederix I, Prescott E, Schmid JP, Cupples M, Deaton C, Doherty
P, Giannuzzi P, Graham I, Hansen TB, Jennings C, Landmesser U, Marques-Vidal P, Vrints C,
Walker D, Bueno H, Fitzsimons D, Pelliccia A. Challenges in secondary prevention after acute
myocardial infarction: A call for action. Eur J Prev Cardiol 2016; 23: 1994-2006 [PMID: 27600690
DOI: 10.1177/2047487316663873]

Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, Caforio ALP, Crea F,
Goudevenos JA, Halvorsen S, Hindricks G, Kastrati A, Lenzen MJ, Prescott E, Roffi M, Valgimigli
M, Varenhorst C, Vranckx P, Widimsky P; ESC Scientific Document Group. 2017 ESC Guidelines
for the management of acute myocardial infarction in patients presenting with ST-segment elevation:
The Task Force for the management of acute myocardial infarction in patients presenting with ST-
segment elevation of the European Society of Cardiology (ESC). Eur Heart J 2018; 39: 119-177
[PMID: 28886621 DOI: 10.1093/eurheartj/ehx393]

Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-Brentano C, Prescott E, Storey RF,
Deaton C, Cuisset T, Agewall S, Dickstein K, Edvardsen T, Escaned J, Gersh BJ, Svitil P, Gilard M,
Hasdai D, Hatala R, Mahfoud F, Masip J, Muneretto C, Valgimigli M, Achenbach S, Bax JJ; ESC
Scientific Document Group. 2019 ESC Guidelines for the diagnosis and management of chronic
coronary syndromes. Eur Heart J 2020; 41: 407-477 [PMID: 31504439 DOI:
10.1093/eurheartj/ehz425]

Ambrosetti M, Abreu A, Corra U, Davos CH, Hansen D, Frederix I, Iliou MC, Pedretti RF, Schmid
JP, Vigorito C, Voller H, Wilhelm M, Piepoli MF, Bjarnason-Wehrens B, Berger T, Cohen-Solal A,
Cornelissen V, Dendale P, Doehner W, Gaita D, Gevaert AB, Kemps H, Kraenkel N, Laukkanen J,
Mendes M, Niebauer J, Simonenko M, Zwisler AO. Secondary prevention through comprehensive
cardiovascular rehabilitation: From knowledge to implementation. 2020 update. A position paper
from the Secondary Prevention and Rehabilitation Section of the European Association of
Preventive Cardiology. Eur J Prev Cardiol 2020; 2047487320913379 [PMID: 32223332 DOI:
10.1177/2047487320913379]

Salzwedel A, Jensen K, Rauch B, Doherty P, Metzendorf MI, Hackbusch M, Véller H, Schmid JP,
Davos CH. Effectiveness of comprehensive cardiac rehabilitation in coronary artery disease patients
treated according to contemporary evidence based medicine: Update of the Cardiac Rehabilitation
Outcome Study (CROS-1I). Eur J Prev Cardiol 2020; 27: 1756-1774 [PMID: 32089005 DOI:
10.1177/2047487320905719]

Pelliccia A, Sharma S, Gati S, Back M, Borjesson M, Caselli S, Collet JP, Corrado D, Drezner JA,
Halle M, Hansen D, Heidbuchel H, Myers J, Niebauer J, Papadakis M, Piepoli MF, Prescott E,
Roos-Hesselink JW, Graham Stuart A, Taylor RS, Thompson PD, Tiberi M, Vanhees L, Wilhelm M;
ESC Scientific Document Group. 2020 ESC Guidelines on sports cardiology and exercise in patients
with cardiovascular disease. Eur Heart J2021; 42: 17-96 [PMID: 32860412 DOI:
10.1093/eurheartj/ehaa605]

Abreu A, Frederix I, Dendale P, Janssen A, Doherty P, Piepoli MF, Véller H; Secondary Prevention
and Rehabilitation Section of EAPC Reviewers: Marco Ambrosetti, Davos CH. Standardization and
quality improvement of secondary prevention through cardiovascular rehabilitation programmes in
Europe: The avenue towards EAPC accreditation programme: A position statement of the Secondary
Prevention and Rehabilitation Section of the European Association of Preventive Cardiology
(EAPC). Eur J Prev Cardiol 2020; 2047487320924912 [PMID: 32475160 DOI:
10.1177/2047487320924912]

Abreu A, Mendes M, Dores H, Silveira C, Fontes P, Teixeira M, Santa Clara H, Morais J.
Mandatory criteria for cardiac rehabilitation programs: 2018 guidelines from the Portuguese Society
of Cardiology. Rev Port Cardiol (Engl Ed) 2018; 37: 363-373 [PMID: 29724635 DOIL:
10.1016/j.repc.2018.02.006]

Turk-Adawi K, Supervia M, Lopez-Jimenez F, Pesah E, Ding R, Britto RR, Bjarnason-Wehrens B,
Derman W, Abreu A, Babu AS, Santos CA, Jong SK, Cuenza L, Yeo TJ, Scantlebury D, Andersen
K, Gonzalez G, Giga V, Vulic D, Vataman E, Cliff J, Kouidi E, Yagci I, Kim C, Benaim B, Estany
ER, Fernandez R, Radi B, Gaita D, Simon A, Chen SY, Roxburgh B, Martin JC, Maskhulia L,
Burdiat G, Salmon R, Lomeli H, Sadeghi M, Sovova E, Hautala A, Tamuleviciute-Prasciene E,
Ambrosetti M, Neubeck L, Asher E, Kemps H, Eysymontt Z, Farsky S, Hayward J, Prescott E,
Dawkes S, Santibanez C, Zeballos C, Pavy B, Kiessling A, Sarrafzadegan N, Baer C, Thomas R, Hu
D, Grace SL. Cardiac Rehabilitation Availability and Density around the Globe. EClinicalMedicine
2019; 13: 31-45 [PMID: 31517261 DOI: 10.1016/j.eclinm.2019.06.007]

Bjarnason-Wehrens B, McGee H, Zwisler AD, Piepoli MF, Benzer W, Schmid JP, Dendale P,
Pogosova NG, Zdrenghea D, Niebauer J, Mendes M; Cardiac Rehabilitation Section European
Association of Cardiovascular Prevention and Rehabilitation. Cardiac rehabilitation in Europe:
results from the European Cardiac Rehabilitation Inventory Survey. Eur J Cardiovasc Prev Rehabil
2010; 17: 410-418 [PMID: 20300001 DOI: 10.1097/HJR.0b013e328334f42d]

Thompson MP, Yaser JM, Hou H, Syrjamaki JD, DeLucia A 3rd, Likosky DS, Keteyian SJ, Prager
RL, Gurm HS, Sukul D. Determinants of Hospital Variation in Cardiac Rehabilitation Enrollment
During Coronary Artery Disease Episodes of Care. Circ Cardiovasc Qual Outcomes 2021; 14:
e007144 [PMID: 33541107 DOI: 10.1161/CIRCOUTCOMES.120.007144]

Witvrouwen I, Van Craenenbroeck EM, Abreu A, Moholdt T, Krinkel N. Exercise training in
women with cardiovascular disease: Differential response and barriers - review and perspective. Eur

WJC | https://www.wjgnet.com 702 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/27222591
https://dx.doi.org/10.1093/eurheartj/ehw106
http://www.ncbi.nlm.nih.gov/pubmed/27600690
https://dx.doi.org/10.1177/2047487316663873
http://www.ncbi.nlm.nih.gov/pubmed/28886621
https://dx.doi.org/10.1093/eurheartj/ehx393
http://www.ncbi.nlm.nih.gov/pubmed/31504439
https://dx.doi.org/10.1093/eurheartj/ehz425
http://www.ncbi.nlm.nih.gov/pubmed/32223332
https://dx.doi.org/10.1177/2047487320913379
http://www.ncbi.nlm.nih.gov/pubmed/32089005
https://dx.doi.org/10.1177/2047487320905719
http://www.ncbi.nlm.nih.gov/pubmed/32860412
https://dx.doi.org/10.1093/eurheartj/ehaa605
http://www.ncbi.nlm.nih.gov/pubmed/32475160
https://dx.doi.org/10.1177/2047487320924912
http://www.ncbi.nlm.nih.gov/pubmed/29724635
https://dx.doi.org/10.1016/j.repc.2018.02.006
http://www.ncbi.nlm.nih.gov/pubmed/31517261
https://dx.doi.org/10.1016/j.eclinm.2019.06.007
http://www.ncbi.nlm.nih.gov/pubmed/20300001
https://dx.doi.org/10.1097/HJR.0b013e328334f42d
http://www.ncbi.nlm.nih.gov/pubmed/33541107
https://dx.doi.org/10.1161/CIRCOUTCOMES.120.007144

Jaishideng®

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

Vilela EM et al. CR in coronary artery disease

J Prev Cardiol 2019; 2047487319838221 [PMID: 30889981 DOI: 10.1177/2047487319838221]
Vilela EM, Ladeiras Lopes R, Torres S, Jodo A, Ribeiro J, Primo J, Fontes-Carvalho R, Campos L,
Miranda F, Nunes JPL, Teixeira M, Braga P. Differential Impact of a Cardiac Rehabilitation
Program on Functional Parameters in Elderly vs Non-Elderly Myocardial Infarction Survivors.
Cardiology 2020; 145: 98-105 [PMID: 31838463 DOI: 10.1159/000504875]

Prescott E, Eser P, Mikkelsen N, Holdgaard A, Marcin T, Wilhelm M, Gil CP, Gonzalez-Juanatey
JR, Moatemri F, Iliou MC, Schneider S, Schromm E, Zeymer U, Meindersma EP, Crocamo A,
Ardissino D, Kolkman EK, Prins LF, van der Velde AE, Van't Hof AW, de Kluiver EP. Cardiac
rehabilitation of elderly patients in eight rehabilitation units in western Europe: Outcome data from
the EU-CaRE multi-centre observational study. Eur J Prev Cardiol 2020; 27: 1716-1729 [PMID:
32102550 DOI: 10.1177/2047487320903869]

Buckley JP. The changing landscape of cardiac rehabilitation; from early mobilisation and reduced
mortality to chronic multi-morbidity management. Disabil Rehabil 2021; 1-8 [PMID: 33989103
DOI: 10.1080/09638288.2021.1921062]

Fontes-Carvalho R, Vilela EM, Gongalves-Teixeira P. The effect of exercise training in systolic
and diastolic function. In: Watson RR, Zibadi S, editors. Lifestyle in heart health and disease. 1st
edition. Amsterdam: Elsevier; 2018: 153—162 [DOI: 10.1016/B978-0-12-811279-3.00011-2]
Newman LB, Andrews MF, Koblish MO, Baker LA. Physical medicine and rehabilitation in acute
myocardial infarction. AMA Arch Intern Med 1952; 89: 552-561 [PMID: 14902164 DOI:
10.1001/archinte.1952.00240040031004]

Rojano-Castillo J, Ilarraza-Lomeli H, Zavala-Ramirez J, Cantero-Colin R, Rodriguez-Reyes A,
Lerma-Espinosa R, Mancilla-Pérez M, Rius-Suarez MD, Garcia-Saldivia MA. Seventy-five years of
cardiovascular rehabilitation in Mexico. Arch Cardiol Mex 2019; 89: 233-241 [PMID: 31967586
DOI: 10.24875/ACME.M19000057]

Anderson L, Thompson DR, Oldridge N, Zwisler AD, Rees K, Martin N, Taylor RS. Exercise-
based cardiac rehabilitation for coronary heart disease. Cochrane Database Syst Rev 2016;
CD001800 [PMID: 26730878 DOI: 10.1002/14651858.CD001800.pub3]

Vilela EM, Ladeiras-Lopes R, Ruivo C, Torres S, Braga J, Fonseca M, Ribeiro J, Primo J, Fontes-
Carvalho R, Campos L, Miranda F, Nunes JPL, Gama V, Teixeira M, Braga P. Different outcomes
of a cardiac rehabilitation programme in functional parameters among myocardial infarction
survivors according to ejection fraction. Neth Heart J 2019; 27: 347-353 [PMID: 30977040 DOI:
10.1007/s12471-019-1269-7]

Gevaert AB, Adams V, Bahls M, Bowen TS, Cornelissen V, Dorr M, Hansen D, Kemps HM,
Leeson P, Van Craenenbroeck EM, Krinkel N. Towards a personalised approach in exercise-based
cardiovascular rehabilitation: How can translational research help? Eur J Prev Cardiol 2020; 27:
1369-1385 [PMID: 31581819 DOI: 10.1177/2047487319877716]

Vilela EM, Bastos JC, Rodrigues RP, Nunes JP. High-sensitivity troponin after running--a
systematic review. Neth J Med 2014; 72: 5-9 [PMID: 24457432]

Franklin BA, Thompson PD, Al-Zaiti SS, Albert CM, Hivert MF, Levine BD, Lobelo F, Madan K,
Sharrief AZ, Eijsvogels TMH; American Heart Association Physical Activity Committee of the
Council on Lifestyle and Cardiometabolic Health; Council on Cardiovascular and Stroke Nursing;
Council on Clinical Cardiology; and Stroke Council. Exercise-Related Acute Cardiovascular Events
and Potential Deleterious Adaptations Following Long-Term Exercise Training: Placing the Risks
Into Perspective-An Update: A Scientific Statement From the American Heart Association.
Circulation 2020; 141: €705-¢736 [PMID: 32100573 DOI: 10.1161/CIR.0000000000000749]
Zhang YM, Lu Y, Tang Y, Yang D, Wu HF, Bian ZP, Xu JD, Gu CR, Wang LS, Chen XJ. The
effects of different initiation time of exercise training on left ventricular remodeling and
cardiopulmonary rehabilitation in patients with left ventricular dysfunction after myocardial
infarction. Disabil Rehabil 2016; 38: 268-276 [PMID: 25885667 DOI:
10.3109/09638288.2015.1036174]

Haykowsky M, Scott J, Esch B, Schopflocher D, Myers J, Paterson I, Warburton D, Jones L, Clark
AM. A meta-analysis of the effects of exercise training on left ventricular remodeling following
myocardial infarction: start early and go longer for greatest exercise benefits on remodeling. Trials
2011; 12: 92 [PMID: 21463531 DOI: 10.1186/1745-6215-12-92]

Ross R, Blair SN, Arena R, Church TS, Després JP, Franklin BA, Haskell WL, Kaminsky LA,
Levine BD, Lavie CJ, Myers J, Niebauer J, Sallis R, Sawada SS, Sui X, Wisleff U; American Heart
Association Physical Activity Committee of the Council on Lifestyle and Cardiometabolic Health;
Council on Clinical Cardiology; Council on Epidemiology and Prevention; Council on
Cardiovascular and Stroke Nursing; Council on Functional Genomics and Translational Biology;
Stroke Council. Importance of Assessing Cardiorespiratory Fitness in Clinical Practice: A Case for
Fitness as a Clinical Vital Sign: A Scientific Statement From the American Heart Association.
Circulation 2016; 134: €653-¢699 [PMID: 27881567 DOI: 10.1161/CIR.0000000000000461]
Louvaris Z, Vogiatzis I. Physiological basis of cardiopulmonary rehabilitation in patients with lung
or heart disease. Breathe (Sheff) 2015; 11: 120-127 [PMID: 26306112 DOI:
10.1183/20734735.021114]

Laoutaris ID, Piotrowicz E, Kallistratos MS, Dritsas A, Dimaki N, Miliopoulos D, Andriopoulou
M, Manolis AJ, Volterrani M, Piepoli MF, Coats AJS, Adamopoulos S; ARISTOS-HF trial
(Aerobic, Resistance, InSpiratory Training OutcomeS in Heart Failure) Investigators. Combined
aerobic/resistance/inspiratory muscle training as the 'optimum' exercise programme for patients with

WJC | https://www.wjgnet.com 703 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/30889981
https://dx.doi.org/10.1177/2047487319838221
http://www.ncbi.nlm.nih.gov/pubmed/31838463
https://dx.doi.org/10.1159/000504875
http://www.ncbi.nlm.nih.gov/pubmed/32102550
https://dx.doi.org/10.1177/2047487320903869
http://www.ncbi.nlm.nih.gov/pubmed/33989103
https://dx.doi.org/10.1080/09638288.2021.1921062
https://dx.doi.org/10.1016/B978-0-12-811279-3.00011-2
http://www.ncbi.nlm.nih.gov/pubmed/14902164
https://dx.doi.org/10.1001/archinte.1952.00240040031004
http://www.ncbi.nlm.nih.gov/pubmed/31967586
https://dx.doi.org/10.24875/ACME.M19000057
http://www.ncbi.nlm.nih.gov/pubmed/26730878
https://dx.doi.org/10.1002/14651858.CD001800.pub3
http://www.ncbi.nlm.nih.gov/pubmed/30977040
https://dx.doi.org/10.1007/s12471-019-1269-7
http://www.ncbi.nlm.nih.gov/pubmed/31581819
https://dx.doi.org/10.1177/2047487319877716
http://www.ncbi.nlm.nih.gov/pubmed/24457432
http://www.ncbi.nlm.nih.gov/pubmed/32100573
https://dx.doi.org/10.1161/CIR.0000000000000749
http://www.ncbi.nlm.nih.gov/pubmed/25885667
https://dx.doi.org/10.3109/09638288.2015.1036174
http://www.ncbi.nlm.nih.gov/pubmed/21463531
https://dx.doi.org/10.1186/1745-6215-12-92
http://www.ncbi.nlm.nih.gov/pubmed/27881567
https://dx.doi.org/10.1161/CIR.0000000000000461
http://www.ncbi.nlm.nih.gov/pubmed/26306112
https://dx.doi.org/10.1183/20734735.021114

Vilela EM et al. CR in coronary artery disease

Jaishideng®

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

chronic heart failure: ARISTOS-HF randomized clinical trial. Eur J Prev Cardiol 2020 [PMID:
33624071 DOLI: 10.1093/eurjpc/zwaa091]

Bédard A, Carsin AE, Fuertes E, Accordini S, Dharmage SC, Garcia-Larsen V, Heinrich J, Janson
C, Johannessen A, Leynaert B, Sanchez-Ramos JL, Peralta GP, Pin I, Squillacioti G, Weyler J, Jarvis
D, Garcia-Aymerich J. Physical activity and lung function-Cause or consequence? PLoS One 2020;
15: €0237769 [PMID: 32817718 DOI: 10.1371/journal.pone.0237769]

Thompson G, Davison GW, Crawford J, Hughes CM. Exercise and inflammation in coronary artery
disease: A systematic review and meta-analysis of randomised trials. J Sports Sci 2020; 38: 814-826
[PMID: 32129713 DOI: 10.1080/02640414.2020.1735684]

Guo Y, Chen J, Qiu H. Novel Mechanisms of Exercise-Induced Cardioprotective Factors in
Myocardial Infarction. Front Physiol 2020; 11: 199 [PMID: 32210839 DOI:
10.3389/fphys.2020.00199]

Liao Z, Li D, Chen Y, Li Y, Huang R, Zhu K, Chen H, Yuan Z, Zheng X, Zhao H, Pu Q, Qi X, Cai
D. Early moderate exercise benefits myocardial infarction healing via improvement of inflammation
and ventricular remodelling in rats. J Cell Mol Med 2019; 23: 8328-8342 [PMID: 31612566 DOI:
10.1111/jemm.14710]

Aune D, Schlesinger S, Leitzmann MF, Tonstad S, Norat T, Riboli E, Vatten LJ. Physical activity
and the risk of heart failure: a systematic review and dose-response meta-analysis of prospective
studies. Eur J Epidemiol 2021; 36: 367-381 [PMID: 33331992 DOL: 10.1007/s10654-020-00693-6]
Parry-Williams G, Sharma S. The effects of endurance exercise on the heart: panacea or poison?
Nat Rev Cardiol 2020; 17: 402-412 [PMID: 32152528 DOI: 10.1038/541569-020-0354-3]
Aengevaeren VL, Mosterd A, Sharma S, Prakken NHJ, Mohlenkamp S, Thompson PD, Velthuis
BK, Eijsvogels TMH. Exercise and Coronary Atherosclerosis: Observations, Explanations,
Relevance, and Clinical Management. Circulation 2020; 141: 1338-1350 [PMID: 32310695 DOI:
10.1161/CIRCULATIONAHA.119.044467]

Vilela EM, Bettencourt-Silva R, Nunes JP, Ribeiro VG. BNP and NT-proBNP elevation after
running--a systematic review. Acta Cardiol 2015; 70: 501-509 [PMID: 26567808 DOI:
10.2143/AC.70.5.3110509]

Sharma S, Merghani A, Mont L. Exercise and the heart: the good, the bad, and the ugly. Eur Heart
J2015; 36: 1445-1453 [PMID: 25839670 DOI: 10.1093/eurheartj/ehv090]

Hansen D, Abreu A, Ambrosetti M, Cornelissen V, Gevaert A, Kemps H, Laukkanen JA, Pedretti R,
Simonenko M, Wilhelm M, Davos CH, Doehner W, Iliou MC, Krinkel N, Véller H, Piepoli M.
Exercise intensity assessment and prescription in cardiovascular rehabilitation and beyond: why and
how: a position statement from the Secondary Prevention and Rehabilitation Section of the European
Association of Preventive Cardiology. Eur J Prev Cardiol 2021 [PMID: 34077542 DOI:
10.1093/eurjpc/zwab007]

Ruegsegger GN, Booth FW. Health Benefits of Exercise. Cold Spring Harb Perspect Med 2018; 8
[PMID: 28507196 DOI: 10.1101/cshperspect.a029694]

van Halewijn G, Deckers J, Tay HY, van Domburg R, Kotseva K, Wood D. Lessons from
contemporary trials of cardiovascular prevention and rehabilitation: A systematic review and meta-
analysis. Int J Cardiol 2017; 232: 294-303 [PMID: 28094128 DOI: 10.1016/j.ijcard.2016.12.125]
Bozkurt B, Fonarow GC, Goldberg LR, Guglin M, Josephson RA, Forman DE, Lin G, Lindenfeld J,
O'Connor C, Panjrath G, Pifia IL, Shah T, Sinha SS, Wolfel E; ACC’s Heart Failure and Transplant
Section and Leadership Council. Cardiac Rehabilitation for Patients With Heart Failure: JACC
Expert Panel. J Am Coll Cardiol 2021; 77: 1454-1469 [PMID: 33736829 DOI:
10.1016/j.jacc.2021.01.030]

Pashkow FJ. Cardiac rehabilitation: not just exercise anymore. Cleve Clin J Med 1996; 63: 116-123
[PMID: 8819696 DOI: 10.3949/ccjm.63.2.116]

HuY,LiL, Wang T, Liu Y, Zhan X, Han S, Huang L. Comparison of cardiac rehabilitation
(exercise + education), exercise only, and usual care for patients with coronary artery disease: A
non-randomized retrospective analysis. Pharmacol Res Perspect 2021; 9: 00711 [PMID: 33458967
DOI: 10.1002/prp2.711]

Cowie A, Buckley J, Doherty P, Furze G, Hayward J, Hinton S, Jones J, Speck L, Dalal H, Mills J;
British Association for Cardiovascular Prevention and Rehabilitation (BACPR). Standards and core
components for cardiovascular disease prevention and rehabilitation. Heart 2019; 105: 510-515
[PMID: 30700518 DOI: 10.1136/heartjnl-2018-314206]

Balady GJ, Williams MA, Ades PA, Bittner V, Comoss P, Foody JM, Franklin B, Sanderson B,
Southard D; American Heart Association Exercise, Cardiac Rehabilitation, and Prevention
Committee, the Council on Clinical Cardiology; American Heart Association Council on
Cardiovascular Nursing; American Heart Association Council on Epidemiology and Prevention;
American Heart Association Council on Nutrition, Physical Activity, and Metabolism; American
Association of Cardiovascular and Pulmonary Rehabilitation. Core components of cardiac
rehabilitation/secondary prevention programs: 2007 update: a scientific statement from the American
Heart Association Exercise, Cardiac Rehabilitation, and Prevention Committee, the Council on
Clinical Cardiology; the Councils on Cardiovascular Nursing, Epidemiology and Prevention, and
Nutrition, Physical Activity, and Metabolism; and the American Association of Cardiovascular and
Pulmonary Rehabilitation. Circulation 2007; 115: 2675-2682 [PMID: 17513578 DOI:
10.1161/CIRCULATIONAHA.106.180945]

Piepoli MF, Corra U, Adamopoulos S, Benzer W, Bjarnason-Wehrens B, Cupples M, Dendale P,

WJC | https://www.wjgnet.com 704 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/33624071
https://dx.doi.org/10.1093/eurjpc/zwaa091
http://www.ncbi.nlm.nih.gov/pubmed/32817718
https://dx.doi.org/10.1371/journal.pone.0237769
http://www.ncbi.nlm.nih.gov/pubmed/32129713
https://dx.doi.org/10.1080/02640414.2020.1735684
http://www.ncbi.nlm.nih.gov/pubmed/32210839
https://dx.doi.org/10.3389/fphys.2020.00199
http://www.ncbi.nlm.nih.gov/pubmed/31612566
https://dx.doi.org/10.1111/jcmm.14710
http://www.ncbi.nlm.nih.gov/pubmed/33331992
https://dx.doi.org/10.1007/s10654-020-00693-6
http://www.ncbi.nlm.nih.gov/pubmed/32152528
https://dx.doi.org/10.1038/s41569-020-0354-3
http://www.ncbi.nlm.nih.gov/pubmed/32310695
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.044467
http://www.ncbi.nlm.nih.gov/pubmed/26567808
https://dx.doi.org/10.2143/AC.70.5.3110509
http://www.ncbi.nlm.nih.gov/pubmed/25839670
https://dx.doi.org/10.1093/eurheartj/ehv090
http://www.ncbi.nlm.nih.gov/pubmed/34077542
https://dx.doi.org/10.1093/eurjpc/zwab007
http://www.ncbi.nlm.nih.gov/pubmed/28507196
https://dx.doi.org/10.1101/cshperspect.a029694
http://www.ncbi.nlm.nih.gov/pubmed/28094128
https://dx.doi.org/10.1016/j.ijcard.2016.12.125
http://www.ncbi.nlm.nih.gov/pubmed/33736829
https://dx.doi.org/10.1016/j.jacc.2021.01.030
http://www.ncbi.nlm.nih.gov/pubmed/8819696
https://dx.doi.org/10.3949/ccjm.63.2.116
http://www.ncbi.nlm.nih.gov/pubmed/33458967
https://dx.doi.org/10.1002/prp2.711
http://www.ncbi.nlm.nih.gov/pubmed/30700518
https://dx.doi.org/10.1136/heartjnl-2018-314206
http://www.ncbi.nlm.nih.gov/pubmed/17513578
https://dx.doi.org/10.1161/CIRCULATIONAHA.106.180945

Jaishideng®

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

Vilela EM et al. CR in coronary artery disease

Doherty P, Gaita D, Hofer S, McGee H, Mendes M, Niebauer J, Pogosova N, Garcia-Porrero E,
Rauch B, Schmid JP, Giannuzzi P. Secondary prevention in the clinical management of patients with
cardiovascular diseases. Core components, standards and outcome measures for referral and
delivery: a policy statement from the cardiac rehabilitation section of the European Association for
Cardiovascular Prevention & Rehabilitation. Endorsed by the Committee for Practice Guidelines of
the European Society of Cardiology. Eur J Prev Cardiol 2014; 21: 664-681 [PMID: 22718797 DOL:
10.1177/2047487312449597]

Abell B, Zecchin R, Gallagher R. Making Sense of the Unfavourable Systematic Review of
Exercise-Based Cardiac Rehabilitation in the Modern Era: How Should We Proceed? Heart Lung
Circ 2019; 28: 204-206 [PMID: 30170917 DOI: 10.1016/5.h1c.2018.07.010]

Francis T, Kabboul N, Rac V, Mitsakakis N, Pechlivanoglou P, Bielecki J, Alter D, Krahn M. The
Effect of Cardiac Rehabilitation on Health-Related Quality of Life in Patients With Coronary Artery
Disease: A Meta-analysis. Can J Cardiol 2019; 35: 352-364 [PMID: 30825955 DOI:
10.1016/j.cjca.2018.11.013]

Eijsvogels TMH, Maessen MFH, Bakker EA, Meindersma EP, van Gorp N, Pijnenburg N,
Thompson PD, Hopman MTE. Association of Cardiac Rehabilitation With All-Cause Mortality
Among Patients With Cardiovascular Disease in the Netherlands. JAMA Netw Open 2020; 3:
€2011686 [PMID: 32716516 DOL: 10.1001/jamanetworkopen.2020.11686]

Doimo S, Fabris E, Piepoli M, Barbati G, Antonini-Canterin F, Bernardi G, Maras P, Sinagra G.
Impact of ambulatory cardiac rehabilitation on cardiovascular outcomes: a long-term follow-up
study. Eur Heart J 2019; 40: 678-685 [PMID: 30060037 DOI: 10.1093/eurheartj/ehy417]

Ekblom O, Cider A, Hambraeus K, Bick M, Leosdottir M, Lénn A, Bérjesson M. Participation in
exercise-based cardiac rehabilitation is related to reduced total mortality in both men and women:
results from the SWEDEHEART registry. Eur J Prev Cardiol 2021 [PMID: 34097031 DOI:
10.1093/eurjpc/zwab083]

Sandercock GR, Cardoso F, Almodhy M, Pepera G. Cardiorespiratory fitness changes in patients
receiving comprehensive outpatient cardiac rehabilitation in the UK: a multicentre study. Heart
2013; 99: 785-790 [PMID: 23178183 DOI: 10.1136/heartjnl-2012-303055]

West RR, Jones DA, Henderson AH. Rehabilitation after myocardial infarction trial (RAMIT):
multi-centre randomised controlled trial of comprehensive cardiac rehabilitation in patients
following acute myocardial infarction. Heart 2012; 98: 637-644 [PMID: 22194152 DOI:
10.1136/heartjnl-2011-300302]

Conraads VM, Denollet J, De Maeyer C, Van Craenenbroeck E, Verheyen J, Beckers P. Exercise
training as an essential component of cardiac rehabilitation. Heart 2012; 98: 674-5; author reply 675
[PMID: 22505469 DOIL: 10.1136/heartjnl-2012-301912]

Ibeggazene S, Moore C, Tsakirides C, Swainson M, Ispoglou T, Birch K. UK cardiac rehabilitation
fit for purpose? BM.J Open 2020; 10: €037980 [PMID: 33040006 DOI:
10.1136/bmjopen-2020-037980]

McGregor G, Powell R, Kimani P, Underwood M. Does contemporary exercise-based cardiac
rehabilitation improve quality of life for people with coronary artery disease? BMJ Open 2020; 10:
¢036089 [PMID: 32513887 DOI: 10.1136/bmjopen-2019-036089]

Nichols S, McGregor G, Breckon J, Ingle L. Current Insights into Exercise-based Cardiac
Rehabilitation in Patients with Coronary Heart Disease and Chronic Heart Failure. Int J Sports Med
2021; 42: 19-26 [PMID: 32650344 DOI: 10.1055/a-1198-5573]

Conraads VM, Pattyn N, De Maeyer C, Beckers PJ, Coeckelberghs E, Cornelissen VA, Denollet J,
Frederix G, Goetschalckx K, Hoymans VY, Possemiers N, Schepers D, Shivalkar B, Voigt JU, Van
Craenenbroeck EM, Vanhees L. Aerobic interval training and continuous training equally improve
aerobic exercise capacity in patients with coronary artery disease: the SAINTEX-CAD study. Int J
Cardiol 2015; 179: 203-210 [PMID: 25464446 DOI: 10.1016/j.ijcard.2014.10.155]

Ellingsen @, Halle M, Conraads V, Steylen A, Dalen H, Delagardelle C, Larsen Al Hole T,
Mezzani A, Van Craenenbroeck EM, Videm V, Beckers P, Christle JW, Winzer E, Mangner N,
Woitek F, Hollriegel R, Pressler A, Monk-Hansen T, Snoer M, Feiereisen P, Valborgland T,
Kjekshus J, Hambrecht R, Gielen S, Karlsen T, Prescott E, Linke A; SMARTEX Heart Failure Study
(Study of Myocardial Recovery After Exercise Training in Heart Failure) Group. High-Intensity
Interval Training in Patients With Heart Failure With Reduced Ejection Fraction. Circulation 2017;
135: 839-849 [PMID: 28082387 DOI: 10.1161/CIRCULATIONAHA.116.022924]

Mueller S, Winzer EB, Duvinage A, Gevaert AB, Edelmann F, Haller B, Pieske-Kraigher E,
Beckers P, Bobenko A, Hommel J, Van de Heyning CM, Esefeld K, von Korn P, Christle JW,
Haykowsky MJ, Linke A, Wisleff U, Adams V, Pieske B, van Craenenbroeck EM, Halle M;
OptimEx-Clin Study Group. Effect of High-Intensity Interval Training, Moderate Continuous
Training, or Guideline-Based Physical Activity Advice on Peak Oxygen Consumption in Patients
With Heart Failure With Preserved Ejection Fraction: A Randomized Clinical Trial. JAMA 2021,
325: 542-551 [PMID: 33560320 DOI: 10.1001/jama.2020.26812]

Scherrenberg M, Janssen J, Lauwers A, Schreurs I, Swinnen M, Dendale P. Is there an optimal
dose of cardiac rehabilitation in coronary artery disease patients? /nt J Cardiol 2021; 330: 7-11
[PMID: 33545262 DOI: 10.1016/j.ijcard.2021.01.065]

Hammill BG, Curtis LH, Schulman KA, Whellan DJ. Relationship between cardiac rehabilitation
and long-term risks of death and myocardial infarction among elderly Medicare beneficiaries.
Circulation 2010; 121: 63-70 [PMID: 20026778 DOI: 10.1161/CIRCULATIONAHA.109.876383]

WJC | https://www.wjgnet.com 705 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/22718797
https://dx.doi.org/10.1177/2047487312449597
http://www.ncbi.nlm.nih.gov/pubmed/30170917
https://dx.doi.org/10.1016/j.hlc.2018.07.010
http://www.ncbi.nlm.nih.gov/pubmed/30825955
https://dx.doi.org/10.1016/j.cjca.2018.11.013
http://www.ncbi.nlm.nih.gov/pubmed/32716516
https://dx.doi.org/10.1001/jamanetworkopen.2020.11686
http://www.ncbi.nlm.nih.gov/pubmed/30060037
https://dx.doi.org/10.1093/eurheartj/ehy417
http://www.ncbi.nlm.nih.gov/pubmed/34097031
https://dx.doi.org/10.1093/eurjpc/zwab083
http://www.ncbi.nlm.nih.gov/pubmed/23178183
https://dx.doi.org/10.1136/heartjnl-2012-303055
http://www.ncbi.nlm.nih.gov/pubmed/22194152
https://dx.doi.org/10.1136/heartjnl-2011-300302
http://www.ncbi.nlm.nih.gov/pubmed/22505469
https://dx.doi.org/10.1136/heartjnl-2012-301912
http://www.ncbi.nlm.nih.gov/pubmed/33040006
https://dx.doi.org/10.1136/bmjopen-2020-037980
http://www.ncbi.nlm.nih.gov/pubmed/32513887
https://dx.doi.org/10.1136/bmjopen-2019-036089
http://www.ncbi.nlm.nih.gov/pubmed/32650344
https://dx.doi.org/10.1055/a-1198-5573
http://www.ncbi.nlm.nih.gov/pubmed/25464446
https://dx.doi.org/10.1016/j.ijcard.2014.10.155
http://www.ncbi.nlm.nih.gov/pubmed/28082387
https://dx.doi.org/10.1161/CIRCULATIONAHA.116.022924
http://www.ncbi.nlm.nih.gov/pubmed/33560320
https://dx.doi.org/10.1001/jama.2020.26812
http://www.ncbi.nlm.nih.gov/pubmed/33545262
https://dx.doi.org/10.1016/j.ijcard.2021.01.065
http://www.ncbi.nlm.nih.gov/pubmed/20026778
https://dx.doi.org/10.1161/CIRCULATIONAHA.109.876383

Vilela EM et al. CR in coronary artery disease

Jaishideng®

67

68

69

70

71

72

73

74

75

76

71

78

79

80

81

82

83

84

De Schutter A, Kachur S, Lavie CJ, Menezes A, Shum KK, Bangalore S, Arena R, Milani RV.
Cardiac rehabilitation fitness changes and subsequent survival. Eur Heart J Qual Care Clin
Outcomes 2018; 4: 173-179 [PMID: 29701805 DOT: 10.1093/ehjqeco/qey018]

Carbone S, Kim Y, Kachur S, Billingsley H, Kenyon J, De Schutter A, Milani RV, Lavie CJ. Peak
Oxygen Consumption Achieved at the End of Cardiac Rehabilitation Predicts Long-Term Survival
in Patients with Coronary Heart Disease. Eur Heart J Qual Care Clin Outcomes 2021 [PMID:
33895797 DOI: 10.1093/ehjqcco/qeab032]

Franklin BA, Lavie CJ, Squires RW, Milani RV. Exercise-based cardiac rehabilitation and
improvements in cardiorespiratory fitness: implications regarding patient benefit. Mayo Clin Proc
2013; 88: 431-437 [PMID: 23639495 DOI: 10.1016/j.mayocp.2013.03.009]

Hinde S, Harrison A, Bojke L, Doherty P. Quantifying the impact of delayed delivery of cardiac
rehabilitation on patients' health. Eur J Prev Cardiol 2020; 27: 1775-1781 [PMID: 32212842 DOI:
10.1177/2047487320912625]

Shields GE, Wells A, Doherty P, Heagerty A, Buck D, Davies LM. Cost-effectiveness of cardiac
rehabilitation: a systematic review. Heart 2018; 104: 1403-1410 [PMID: 29654096 DOI:
10.1136/heartjnl-2017-312809]

Oldridge N, Taylor RS. Cost-effectiveness of exercise therapy in patients with coronary heart
disease, chronic heart failure and associated risk factors: A systematic review of economic
evaluations of randomized clinical trials. Eur J Prev Cardiol 2020; 27: 1045-1055 [PMID: 31657233
DOI: 10.1177/2047487319881839]

Hinde S, Bojke L, Harrison A, Doherty P. Improving cardiac rehabilitation uptake: Potential health
gains by socioeconomic status. Eur J Prev Cardiol 2019; 26: 1816-1823 [PMID: 31067128 DOI:
10.1177/2047487319848533]

Barradas-Pires A. Cardiac rehabilitation programmes: Cost-effective and a potential instrument
against health inequalities. Eur J Prev Cardiol 2020; 27: 1101-1103 [PMID: 31830427 DOIL:
10.1177/2047487319887829]

Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, Dendale P, Dorobantu M,
Edvardsen T, Folliguet T, Gale CP, Gilard M, Jobs A, Jiini P, Lambrinou E, Lewis BS, Mehilli J,
Meliga E, Merkely B, Mueller C, Roffi M, Rutten FH, Sibbing D, Siontis GCM; ESC Scientific
Document Group. 2020 ESC Guidelines for the management of acute coronary syndromes in
patients presenting without persistent ST-segment elevation. Eur Heart J 2021; 42: 1289-1367
[PMID: 32860058 DOI: 10.1093/eurheartj/ehaas75]

Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr, Ganiats TG, Holmes DR Jr, Jaffe AS,
Jneid H, Kelly RF, Kontos MC, Levine GN, Liebson PR, Mukherjee D, Peterson ED, Sabatine MS,
Smalling RW, Zieman SJ; ACC/AHA Task Force Members; Society for Cardiovascular
Angiography and Interventions and the Society of Thoracic Surgeons. 2014 AHA/ACC guideline for
the management of patients with non-ST-elevation acute coronary syndromes: executive summary: a
report of the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines. Circulation 2014; 130: 2354-2394 [PMID: 25249586 DOI:
10.1161/CIR.0000000000000133]

Bittner V. Cardiac Rehabilitation for Women. Adv Exp Med Biol 2018; 1065: 565-577 [PMID:
30051407 DOI: 10.1007/978-3-319-77932-4 34]

Clark AM, King-Shier KM, Thompson DR, Spaling MA, Duncan AS, Stone JA, Jaglal SB, Angus
JE. A qualitative systematic review of influences on attendance at cardiac rehabilitation programs
after referral. Am Heart J2012; 164: 835-45.¢2 [PMID: 23194483 DOI: 10.1016/j.ahj.2012.08.020]
Pirruccello JP, Traynor K, Aragam KG. "Road Map" to Improving Enrollment in Cardiac
Rehabilitation: Identifying Barriers and Evaluating Alternatives. J Am Heart Assoc 2017; 6 [PMID:
29021269 DOI: 10.1161/JAHA.117.007468]

Kotseva K, De Backer G, De Bacquer D, Rydén L, Hoes A, Grobbee D, Maggioni A, Marques-
Vidal P, Jennings C, Abreu A, Aguiar C, Badariene J, Bruthans J, Castro Conde A, Cifkova R,
Crowley J, Davletov K, Deckers J, De Smedt D, De Sutter J, Dilic M, Dolzhenko M, Dzerve V,
Erglis A, Fras Z, Gaita D, Gotcheva N, Heuschmann P, Hasan-Ali H, Jankowski P, Lalic N, Lehto S,
Lovic D, Mancas S, Mellbin L, Milicic D, Mirrakhimov E, Oganov R, Pogosova N, Reiner Z, Stoerk
S, Tokgozoglu L, Tsioufis C, Vulic D, Wood D; EUROASPIRE Investigators*. Lifestyle and impact
on cardiovascular risk factor control in coronary patients across 27 countries: Results from the
European Society of Cardiology ESC-EORP EUROASPIRE V registry. Eur J Prev Cardiol 2019;
26: 824-835 [PMID: 30739508 DOI: 10.1177/2047487318825350]

Vilela EM, Ladeiras-Lopes R, Joao A, Braga J, Torres S, Ribeiro J, Primo J, Fontes-Carvalho R,
Campos L, Miranda F, Nunes JP, Teixeira M, Braga P. Differential impact of a cardiac rehabilitation
program in functional parameters according to patient gender. Am J Cardiovasc Dis 2020; 10: 367-
375 [PMID: 33224585]

Winnige P, Vysoky R, Dosbaba F, Batalik L. Cardiac rehabilitation and its essential role in the
secondary prevention of cardiovascular diseases. World J Clin Cases 2021; 9: 1761-1784 [PMID:
33748226 DOIL: 10.12998/wjcc.v9.i8.1761]

Chindhy S, Taub PR, Lavie CJ, Shen J. Current challenges in cardiac rehabilitation: strategies to
overcome social factors and attendance barriers. Expert Rev Cardiovasc Ther 2020; 18: 777-789
[PMID: 32885702 DOI: 10.1080/14779072.2020.1816464]

Balady GJ, Ades PA, Bittner VA, Franklin BA, Gordon NF, Thomas RJ, Tomaselli GF, Yancy CW;
American Heart Association Science Advisory and Coordinating Committee. Referral, enrollment,

WJC | https://www.wjgnet.com 706 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/29701805
https://dx.doi.org/10.1093/ehjqcco/qcy018
http://www.ncbi.nlm.nih.gov/pubmed/33895797
https://dx.doi.org/10.1093/ehjqcco/qcab032
http://www.ncbi.nlm.nih.gov/pubmed/23639495
https://dx.doi.org/10.1016/j.mayocp.2013.03.009
http://www.ncbi.nlm.nih.gov/pubmed/32212842
https://dx.doi.org/10.1177/2047487320912625
http://www.ncbi.nlm.nih.gov/pubmed/29654096
https://dx.doi.org/10.1136/heartjnl-2017-312809
http://www.ncbi.nlm.nih.gov/pubmed/31657233
https://dx.doi.org/10.1177/2047487319881839
http://www.ncbi.nlm.nih.gov/pubmed/31067128
https://dx.doi.org/10.1177/2047487319848533
http://www.ncbi.nlm.nih.gov/pubmed/31830427
https://dx.doi.org/10.1177/2047487319887829
http://www.ncbi.nlm.nih.gov/pubmed/32860058
https://dx.doi.org/10.1093/eurheartj/ehaa575
http://www.ncbi.nlm.nih.gov/pubmed/25249586
https://dx.doi.org/10.1161/CIR.0000000000000133
http://www.ncbi.nlm.nih.gov/pubmed/30051407
https://dx.doi.org/10.1007/978-3-319-77932-4_34
http://www.ncbi.nlm.nih.gov/pubmed/23194483
https://dx.doi.org/10.1016/j.ahj.2012.08.020
http://www.ncbi.nlm.nih.gov/pubmed/29021269
https://dx.doi.org/10.1161/JAHA.117.007468
http://www.ncbi.nlm.nih.gov/pubmed/30739508
https://dx.doi.org/10.1177/2047487318825350
http://www.ncbi.nlm.nih.gov/pubmed/33224585
http://www.ncbi.nlm.nih.gov/pubmed/33748226
https://dx.doi.org/10.12998/wjcc.v9.i8.1761
http://www.ncbi.nlm.nih.gov/pubmed/32885702
https://dx.doi.org/10.1080/14779072.2020.1816464

Jaishideng®

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

100

Vilela EM et al. CR in coronary artery disease

and delivery of cardiac rehabilitation/secondary prevention programs at clinical centers and beyond:
a presidential advisory from the American Heart Association. Circulation 2011; 124: 2951-2960
[PMID: 22082676 DOI: 10.1161/CIR.0b013e31823b21e2]

Ades PA, Keteyian SJ, Wright JS, Hamm LF, Lui K, Newlin K, Shepard DS, Thomas RJ. Increasing
Cardiac Rehabilitation Participation From 20% to 70%: A Road Map From the Million Hearts
Cardiac Rehabilitation Collaborative. Mayo Clin Proc 2017; 92: 234-242 [PMID: 27855953 DOI:
10.1016/j.mayocp.2016.10.014]

Lavie CJ, Pack QR, Levine GN. Expanding Traditional Cardiac Rehabilitation in the 21st Century.
J Am Coll Cardiol 2020; 75: 1562-1564 [PMID: 32241372 DOI: 10.1016/j.jacc.2020.02.038]
Salmoirago-Blotcher E, Wayne PM, Dunsiger S, Krol J, Breault C, Bock BC, Wu WC, Yeh GY.
Tai Chi Is a Promising Exercise Option for Patients With Coronary Heart Disease Declining Cardiac
Rehabilitation. J Am Heart Assoc 2017; 6 [PMID: 29021268 DOIL: 10.1161/JAHA.117.006603]

Ma J, Zhang JW, Li H, Zhao LS, Guo AY, Chen ZH, Yuan W, Gao TM, Li YM, Li CH, Wang HW,
Song B, Lu YL, Cui MZ, Wei QY, Lyu SJ, Yin HC. Safety and effectiveness of a Tai Chi-based
cardiac rehabilitation programme for chronic coronary syndrom patients: study protocol for a
randomised controlled trial. BM.J Open 2020; 10: 036061 [PMID: 32624473 DOI:
10.1136/bmjopen-2019-036061]

Thomas RJ, Beatty AL, Beckie TM, Brewer LC, Brown TM, Forman DE, Franklin BA, Keteyian
SJ, Kitzman DW, Regensteiner JG, Sanderson BK, Whooley MA. Home-Based Cardiac
Rehabilitation: A Scientific Statement From the American Association of Cardiovascular and
Pulmonary Rehabilitation, the American Heart Association, and the American College of
Cardiology. J Am Coll Cardiol 2019; 74: 133-153 [PMID: 31097258 DOI:
10.1016/j.jacc.2019.03.008]

Scherrenberg M, Wilhelm M, Hansen D, Véller H, Cornelissen V, Frederix I, Kemps H, Dendale P.
The future is now: a call for action for cardiac telerehabilitation in the COVID-19 pandemic from the
secondary prevention and rehabilitation section of the European Association of Preventive
Cardiology. Eur J Prev Cardiol 2020; 2047487320939671 [PMID: 32615796 DOI:
10.1177/2047487320939671]

Dalal HM, Doherty P, McDonagh ST, Paul K, Taylor RS. Virtual and in-person cardiac
rehabilitation. BMJ 2021; 373: n1270 [PMID: 34083376 DOI: 10.1136/bmj.n1270]

Schopfer DW, Whooley MA, Allsup K, Pabst M, Shen H, Tarasovsky G, Duvernoy CS, Forman
DE. Effects of Home-Based Cardiac Rehabilitation on Time to Enrollment and Functional Status in
Patients With Ischemic Heart Disease. J Am Heart Assoc 2020; 9: 016456 [PMID: 32954885 DOI:
10.1161/JAHA.120.016456]

Ramachandran HJ, Jiang Y, Tam WWS, Yeo TJ, Wang W. Effectiveness of home-based cardiac
telerehabilitation as an alternative to Phase 2 cardiac rehabilitation of coronary heart disease: a
systematic review and meta-analysis. Eur J Prev Cardiol 2021 [PMID: 34254118 DOI:
10.1093/eurjpc/zwab106]

Snoek JA, Prescott EI, van der Velde AE, Eijsvogels TMH, Mikkelsen N, Prins LF, Bruins W,
Meindersma E, Gonzalez-Juanatey JR, Pefia-Gil C, Gonzalez-Salvado V, Moatemri F, Iliou MC,
Marcin T, Eser P, Wilhelm M, Van't Hof AWJ, de Kluiver EP. Effectiveness of Home-Based Mobile
Guided Cardiac Rehabilitation as Alternative Strategy for Nonparticipation in Clinic-Based Cardiac
Rehabilitation Among Elderly Patients in Europe: A Randomized Clinical Trial. JAMA Cardiol
2021; 6: 463-468 [PMID: 33112363 DOI: 10.1001/jamacardio.2020.5218]

Mazza A, Paneroni M. Gym space in the era of digital cardiovascular rehabilitation: Often
overlooked but critically important. Eur J Prev Cardiol 2020; 27: 2059-2062 [PMID: 31403886
DOI: 10.1177/2047487319869576]

Nguyen CH, Marzolini S, Oh P, Thomas SG. A Retrospective Comparison of Fitness and Exercise
Progression in Patients With Coronary and Peripheral Artery Disease in Cardiac Rehabilitation. Can
J Cardiol 2021; 37: 260-268 [PMID: 32818559 DOI: 10.1016/j.cjca.2020.04.013]

Taylor RS, Singh S. Personalised rehabilitation for cardiac and pulmonary patients with
multimorbidity: Time for implementation? Eur J Prev Cardiol 2020; 2047487320926058 [PMID:
32418487 DOLI: 10.1177/2047487320926058]

Tam MC, Longenecker CT, Chow C, Vest M, Sukeena R, Madan Mohan SK, Carman T, Parikh
SA, Josephson RA. Occult peripheral artery disease is common and limits the benefit achieved in
cardiac rehabilitation. Vasc Med 2016; 21: 130-136 [PMID: 26850114 DOI:
10.1177/1358863X15625370]

Aboyans V, Ricco JB, Bartelink MEL, Bjorck M, Brodmann M, Cohnert T, Collet JP, Czerny M,
De Carlo M, Debus S, Espinola-Klein C, Kahan T, Kownator S, Mazzolai L, Naylor AR, Roffi M,
Réther J, Sprynger M, Tendera M, Tepe G, Venermo M, Vlachopoulos C, Desormais I; ESC
Scientific Document Group. 2017 ESC Guidelines on the Diagnosis and Treatment of Peripheral
Arterial Diseases, in collaboration with the European Society for Vascular Surgery (ESVS):
Document covering atherosclerotic disease of extracranial carotid and vertebral, mesenteric, renal,
upper and lower extremity arteriesEndorsed by: the European Stroke Organization (ESO)The Task
Force for the Diagnosis and Treatment of Peripheral Arterial Diseases of the European Society of
Cardiology (ESC) and of the European Society for Vascular Surgery (ESVS). Eur Heart J 2018; 39:
763-816 [PMID: 28886620 DOI: 10.1093/eurheartj/ehx095]

Devrome AN, Aggarwal S, McMurtry MS, Southern D, Hauer T, Lamb B, Arena R, Moore RD,
Wilton SB, Stone J, Martin BJ. Cardiac rehabilitation in people with peripheral arterial disease: A

WJC | https://www.wjgnet.com 707 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/22082676
https://dx.doi.org/10.1161/CIR.0b013e31823b21e2
http://www.ncbi.nlm.nih.gov/pubmed/27855953
https://dx.doi.org/10.1016/j.mayocp.2016.10.014
http://www.ncbi.nlm.nih.gov/pubmed/32241372
https://dx.doi.org/10.1016/j.jacc.2020.02.038
http://www.ncbi.nlm.nih.gov/pubmed/29021268
https://dx.doi.org/10.1161/JAHA.117.006603
http://www.ncbi.nlm.nih.gov/pubmed/32624473
https://dx.doi.org/10.1136/bmjopen-2019-036061
http://www.ncbi.nlm.nih.gov/pubmed/31097258
https://dx.doi.org/10.1016/j.jacc.2019.03.008
http://www.ncbi.nlm.nih.gov/pubmed/32615796
https://dx.doi.org/10.1177/2047487320939671
http://www.ncbi.nlm.nih.gov/pubmed/34083376
https://dx.doi.org/10.1136/bmj.n1270
http://www.ncbi.nlm.nih.gov/pubmed/32954885
https://dx.doi.org/10.1161/JAHA.120.016456
http://www.ncbi.nlm.nih.gov/pubmed/34254118
https://dx.doi.org/10.1093/eurjpc/zwab106
http://www.ncbi.nlm.nih.gov/pubmed/33112363
https://dx.doi.org/10.1001/jamacardio.2020.5218
http://www.ncbi.nlm.nih.gov/pubmed/31403886
https://dx.doi.org/10.1177/2047487319869576
http://www.ncbi.nlm.nih.gov/pubmed/32818559
https://dx.doi.org/10.1016/j.cjca.2020.04.013
http://www.ncbi.nlm.nih.gov/pubmed/32418487
https://dx.doi.org/10.1177/2047487320926058
http://www.ncbi.nlm.nih.gov/pubmed/26850114
https://dx.doi.org/10.1177/1358863X15625370
http://www.ncbi.nlm.nih.gov/pubmed/28886620
https://dx.doi.org/10.1093/eurheartj/ehx095

Vilela EM et al. CR in coronary artery disease

Jaishideng®

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

higher risk population that benefits from completion. /nt J Cardiol 2019; 285: 108-114 [PMID:
30857844 DOI: 10.1016/j.ijcard.2019.02.070]

Gilchrist SC, Barac A, Ades PA, Alfano CM, Franklin BA, Jones LW, La Gerche A, Ligibel JA,
Lopez G, Madan K, Oeffinger KC, Salamone J, Scott JM, Squires RW, Thomas RJ, Treat-Jacobson
DJ, Wright JS; American Heart Association Exercise, Cardiac Rehabilitation, and Secondary
Prevention Committee of the Council on Clinical Cardiology; Council on Cardiovascular and Stroke
Nursing; and Council on Peripheral Vascular Disease. Cardio-Oncology Rehabilitation to Manage
Cardiovascular Outcomes in Cancer Patients and Survivors: A Scientific Statement From the
American Heart Association. Circulation 2019; 139: €997-¢1012 [PMID: 30955352 DOI:
10.1161/CIR.0000000000000679]

D'Ascenzi F, Anselmi F, Fiorentini C, Mannucci R, Bonifazi M, Mondillo S. The benefits of
exercise in cancer patients and the criteria for exercise prescription in cardio-oncology. Eur J Prev
Cardiol 2019; 2047487319874900 [PMID: 31587570 DOI: 10.1177/2047487319874900]
Zamorano JL, Gottfridsson C, Asteggiano R, Atar D, Badimon L, Bax JJ, Cardinale D, Cardone A,
Feijen EAM, Ferdinandy P, Lopez-Fernandez T, Gale CP, Maduro JH, Moslehi J, Omland T, Plana
Gomez JC, Scott J, Suter TM, Minotti G. The cancer patient and cardiology. Eur J Heart Fail 2020,
22:2290-2309 [PMID: 32809231 DOI: 10.1002/ejhf.1985]

Murray J, Bennett H, Bezak E, Perry R. The role of exercise in the prevention of cancer therapy-
related cardiac dysfunction in breast cancer patients undergoing chemotherapy: systematic review.
Eur J Prev Cardiol 2021 [PMID: 33693524 DOI: 10.1093/eurjpc/zwab006]

Tuka V, Linhart A. Personalised exercise prescription: Finding the best for our patients. Eur J Prev
Cardiol 2020; 27: 1366-1368 [PMID: 31640416 DOI: 10.1177/2047487319884376]

Falter M, Scherrenberg M, Dendale P. Digital Health in Cardiac Rehabilitation and Secondary
Prevention: A Search for the Ideal Tool. Sensors (Basel) 2020; 21 [PMID: 33374985 DOI:
10.3390/s21010012]

Frederix I, Caiani EG, Dendale P, Anker S, Bax J, Bohm A, Cowie M, Crawford J, de Groot N,
Dilaveris P, Hansen T, Koehler F, Krsta¢i¢ G, Lambrinou E, Lancellotti P, Meier P, Neubeck L,
Parati G, Piotrowicz E, Tubaro M, van der Velde E. ESC e-Cardiology Working Group Position
Paper: Overcoming challenges in digital health implementation in cardiovascular medicine. Eur J
Prev Cardiol 2019; 26: 1166-1177 [PMID: 30917695 DOI: 10.1177/2047487319832394]
Anderson L, Sharp GA, Norton RJ, Dalal H, Dean SG, Jolly K, Cowie A, Zawada A, Taylor RS.
Home-based vs centre-based cardiac rehabilitation. Cochrane Database Syst Rev 2017; 6: CD007130
[PMID: 28665511 DOI: 10.1002/14651858.CD007130.pub4]

Ambrosetti M, Abreu A, Cornelissen V, Hansen D, Iliou MC, Kemps H, Pedretti RFE, Voller H,
Wilhelm M, Piepoli MF, Beccaluva CG, Beckers P, Berger T, Davos CH, Dendale P, Doehner W,
Frederix I, Gaita D, Gevaert A, Kouidi E, Kraenkel N, Laukkanen J, Maranta F, Mazza A, Mendes
M, Neunhaeuserer D, Niebauer J, Pavy B, Gil CP, Rauch B, Sarzi Braga S, Simonenko M, Cohen-
Solal A, Sommaruga M, Venturini E, Vigorito C. Delphi consensus recommendations on how to
provide cardiovascular rehabilitation in the COVID-19 era. Eur J Prev Cardiol 2021; 28: 541-557
[PMID: 33624042 DOI: 10.1093/eurjpc/zwaa080]

Van Iterson EH, Laffin LJ, Crawford M, Mc Mahan D, Cho L, Khot U. Cardiac Rehabilitation Is
Essential in the COVID-19 Era: DELIVERING UNINTERRUPTED HEART CARE BASED ON
THE CLEVELAND CLINIC EXPERIENCE. J Cardiopulm Rehabil Prev 2021; 41: 88-92 [PMID:
33591062 DOI: 10.1097/HCR.0000000000000585]

Yeo TJ, Wang YL, Low TT. Have a heart during the COVID-19 crisis: Making the case for cardiac
rehabilitation in the face of an ongoing pandemic. Eur J Prev Cardiol 2020; 27: 903-905 [PMID:
32233671 DOLI: 10.1177/2047487320915665]

Janssen A, Scherrenberg M, Bonné K, Dendale P. The Jessa Hospital experience for cardiac
rehabilitation. Eur Heart J 2021; 42: 1451-1453 [PMID: 33853114 DOI: 10.1093/eurheartj/ehaa439]
Song Y, Ren C, Liu P, Tao L, Zhao W, Gao W. Effect of Smartphone-Based Telemonitored
Exercise Rehabilitation among Patients with Coronary Heart Disease. J Cardiovasc Transl Res 2020;
13: 659-667 [PMID: 31820334 DOI: 10.1007/s12265-019-09938-6]

Epstein E, Patel N, Maysent K, Taub PR. Cardiac Rehab in the COVID Era and Beyond: mHealth
and Other Novel Opportunities. Curr Cardiol Rep 2021; 23: 42 [PMID: 33704611 DOI:
10.1007/s11886-021-01482-7]

Szczepanska-Gieracha J, Jozwik S, Cieslik B, Mazurek J, Gajda R. Immersive Virtual Reality
Therapy as a Support for Cardiac Rehabilitation: A Pilot Randomized-Controlled Trial.
Cyberpsychol Behav Soc Netw 2021; 24: 543-549 [PMID: 33577375 DOI:
10.1089/cyber.2020.0297]

Dorje T, Zhao G, Tso K, Wang J, Chen Y, Tsokey L, Tan BK, Scheer A, Jacques A, Li Z, Wang R,
Chow CK, Ge J, Maiorana A. Smartphone and social media-based cardiac rehabilitation and
secondary prevention in China (SMART-CR/SP): a parallel-group, single-blind, randomised
controlled trial. Lancet Digit Health 2019; 1: €363-¢374 [PMID: 33323210 DOI:
10.1016/S2589-7500(19)30151-7]

Batalik L, Dosbaba F, Hartman M, Batalikova K, Spinar J. Benefits and effectiveness of using a
wrist heart rate monitor as a telerehabilitation device in cardiac patients: A randomized controlled
trial. Medicine (Baltimore) 2020; 99: €19556 [PMID: 32176113 DOI:
10.1097/MD.0000000000019556]

Maddison R, Rawstorn JC, Stewart RAH, Benatar J, Whittaker R, Rolleston A, Jiang Y, Gao L,

WJC | https://www.wjgnet.com 708 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/30857844
https://dx.doi.org/10.1016/j.ijcard.2019.02.070
http://www.ncbi.nlm.nih.gov/pubmed/30955352
https://dx.doi.org/10.1161/CIR.0000000000000679
http://www.ncbi.nlm.nih.gov/pubmed/31587570
https://dx.doi.org/10.1177/2047487319874900
http://www.ncbi.nlm.nih.gov/pubmed/32809231
https://dx.doi.org/10.1002/ejhf.1985
http://www.ncbi.nlm.nih.gov/pubmed/33693524
https://dx.doi.org/10.1093/eurjpc/zwab006
http://www.ncbi.nlm.nih.gov/pubmed/31640416
https://dx.doi.org/10.1177/2047487319884376
http://www.ncbi.nlm.nih.gov/pubmed/33374985
https://dx.doi.org/10.3390/s21010012
http://www.ncbi.nlm.nih.gov/pubmed/30917695
https://dx.doi.org/10.1177/2047487319832394
http://www.ncbi.nlm.nih.gov/pubmed/28665511
https://dx.doi.org/10.1002/14651858.CD007130.pub4
http://www.ncbi.nlm.nih.gov/pubmed/33624042
https://dx.doi.org/10.1093/eurjpc/zwaa080
http://www.ncbi.nlm.nih.gov/pubmed/33591062
https://dx.doi.org/10.1097/HCR.0000000000000585
http://www.ncbi.nlm.nih.gov/pubmed/32233671
https://dx.doi.org/10.1177/2047487320915665
http://www.ncbi.nlm.nih.gov/pubmed/33853114
https://dx.doi.org/10.1093/eurheartj/ehaa439
http://www.ncbi.nlm.nih.gov/pubmed/31820334
https://dx.doi.org/10.1007/s12265-019-09938-6
http://www.ncbi.nlm.nih.gov/pubmed/33704611
https://dx.doi.org/10.1007/s11886-021-01482-7
http://www.ncbi.nlm.nih.gov/pubmed/33577375
https://dx.doi.org/10.1089/cyber.2020.0297
http://www.ncbi.nlm.nih.gov/pubmed/33323210
https://dx.doi.org/10.1016/S2589-7500(19)30151-7
http://www.ncbi.nlm.nih.gov/pubmed/32176113
https://dx.doi.org/10.1097/MD.0000000000019556

Jaishideng®

119

120

121

122

123

124

125

126

127

128

129

130

Vilela EM et al. CR in coronary artery disease

Moodie M, Warren I, Meads A, Gant N. Effects and costs of real-time cardiac telerehabilitation:
randomised controlled non-inferiority trial. Heart 2019; 105: 122-129 [PMID: 30150328 DOI:
10.1136/heartjnl-2018-313189]

Marcin T, Bengel C, Goldberg T, Peterhans J, Eser P, Wilhelm M. Patient interest in mHealth as
part of cardiac rehabilitation in Switzerland. Swiss Med Wkly 2021; 151: w20510 [PMID: 34000738
DOI: 10.4414/smw.2021.20510]

Bayoumy K, Gaber M, Elshafeey A, Mhaimeed O, Dineen EH, Marvel FA, Martin SS, Muse ED,
Turakhia MP, Tarakji KG, Elshazly MB. Smart wearable devices in cardiovascular care: where we
are and how to move forward. Nat Rev Cardiol 2021; 18: 581-599 [PMID: 33664502 DOI:
10.1038/s41569-021-00522-7]

Meinhart F, Stiitz T, Sareban M, Kulnik ST, Niebauer J. Mobile Technologies to Promote Physical
Activity during Cardiac Rehabilitation: A Scoping Review. Sensors (Basel) 2020; 21 [PMID:
33374322 DOI: 10.3390/521010065]

Falter M, Scherrenberg M, Kaihara T, Dendale P. Exercise-based cardiac rehabilitation: different
angles to grasp its beauty. Eur J Prev Cardiol 2021 [PMID: 34151343 DOI:
10.1093/eurjpc/zwab105]

De Canniére H, Smeets CJP, Schoutteten M, Varon C, Morales Tellez JF, Van Hoof C, Huffel SV,
Groenendaal W, Vandervoort P. Short-Term Exercise Progression of Cardiovascular Patients
throughout Cardiac Rehabilitation: An Observational Study. J Clin Med 2020; 9 [PMID: 33003544
DOI: 10.3390/jcm9103160]

Batalik L, Konecny V, Dosbaba F, Vlazna D, Brat K. Cardiac Rehabilitation Based on the Walking
Test and Telerehabilitation Improved Cardiorespiratory Fitness in People Diagnosed with Coronary
Heart Disease during the COVID-19 Pandemic. Int J Environ Res Public Health 2021; 18 [PMID:
33668304 DOI: 10.3390/ijerph18052241]

De Canniére H, Corradi F, Smeets CJP, Schoutteten M, Varon C, Van Hoof C, Van Huffel S,
Groenendaal W, Vandervoort P. Wearable Monitoring and Interpretable Machine Learning Can
Objectively Track Progression in Patients during Cardiac Rehabilitation. Sensors (Basel) 2020; 20
[PMID: 32604829 DOI: 10.3390/s20123601]

Hansen D, Rovelo Ruiz G, Doherty P, Iliou MC, Vromen T, Hinton S, Frederix I, Wilhelm M,
Schmid JP, Abreu A, Ambrosetti M, Garcia-Porrero E, Coninx K, Dendale P; EAPC EXPERT
working group. Do clinicians prescribe exercise similarly in patients with different cardiovascular
diseases? Eur J Prev Cardiol 2018; 25: 682-691 [PMID: 29486587 DOI:
10.1177/2047487318760888]

Vromen T, Peek N, Abu-Hanna A, Kemps HM. Practice Variations in Exercise Training Programs
in Dutch Cardiac Rehabilitation Centers: Prospective, Observational Study. Phys Ther 2019; 99:
266-275 [PMID: 30690617 DOL: 10.1093/ptj/pzy140]

Shapiro MD, Maron DJ, Morris PB, Kosiborod M, Sandesara PB, Virani SS, Khera A, Ballantyne
CM, Baum SJ, Sperling LS, Bhatt DL, Fazio S. Preventive Cardiology as a Subspecialty of
Cardiovascular Medicine: JACC Council Perspectives. J Am Coll Cardiol 2019; 74: 1926-1942
[PMID: 31601373 DOI: 10.1016/j.jacc.2019.08.1016]

Wilhelm M, Abreu A, Adami PE, Ambrosetti M, Antonopoulou M, Biffi A, Cavarretta E, D'Ascenzi
F, Gibson I, Grobbee DE, Iliou MC, Koskinas K, Marques-Vidal P, Nixdorff U, Papadakis M,
Piepoli MF, Vassiliou V, Wood D, Dendale P, Halle M. EAPC Core Curriculum for Preventive
Cardiology. Eur J Prev Cardiol 2021 [PMID: 33791783 DOI: 10.1093/eurjpc/zwab017]

Shapiro MD, Fazio S. Preventive cardiology as a dedicated clinical service: The past, the present,
and the (Magnificent) future. Am J Prev Cardiol 2020; 1: 100011 [PMID: 32835348 DOI:
10.1016/j.ajpc.2020.100011]

WJC | https://www.wjgnet.com 709 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/30150328
https://dx.doi.org/10.1136/heartjnl-2018-313189
http://www.ncbi.nlm.nih.gov/pubmed/34000738
https://dx.doi.org/10.4414/smw.2021.20510
http://www.ncbi.nlm.nih.gov/pubmed/33664502
https://dx.doi.org/10.1038/s41569-021-00522-7
http://www.ncbi.nlm.nih.gov/pubmed/33374322
https://dx.doi.org/10.3390/s21010065
http://www.ncbi.nlm.nih.gov/pubmed/34151343
https://dx.doi.org/10.1093/eurjpc/zwab105
http://www.ncbi.nlm.nih.gov/pubmed/33003544
https://dx.doi.org/10.3390/jcm9103160
http://www.ncbi.nlm.nih.gov/pubmed/33668304
https://dx.doi.org/10.3390/ijerph18052241
http://www.ncbi.nlm.nih.gov/pubmed/32604829
https://dx.doi.org/10.3390/s20123601
http://www.ncbi.nlm.nih.gov/pubmed/29486587
https://dx.doi.org/10.1177/2047487318760888
http://www.ncbi.nlm.nih.gov/pubmed/30690617
https://dx.doi.org/10.1093/ptj/pzy140
http://www.ncbi.nlm.nih.gov/pubmed/31601373
https://dx.doi.org/10.1016/j.jacc.2019.08.1016
http://www.ncbi.nlm.nih.gov/pubmed/33791783
https://dx.doi.org/10.1093/eurjpc/zwab017
http://www.ncbi.nlm.nih.gov/pubmed/32835348
https://dx.doi.org/10.1016/j.ajpc.2020.100011

4

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4330/ wjc.v13.i12.710

World Journal of
Cardiology

World | Cardiol 2021 December 26; 13(12): 710-719

ISSN 1949-8462 (online)

MINIREVIEWS

Dabigatran in cardiovascular disease management: A
comprehensive review

Ayesha Javed, Muhammad Ajmal, Aaron Wolfson

ORCID number: Ayesha Javed 0000-
0003-3726-2584; Muhammad Ajmal
0000-0002-2463-3035; Aaron Wolfson
0000-0002-9695-185X.

Author contributions: Ajmal M
came up with the idea; Javed A
and Ajmal M drafted the
manuscript; Wolfson A reviewed
and finalized it; Javed A, Ajmal M
and Wolfson A revised the
manuscript.

Conflict-of-interest statement: All
authors have no any conflicts of
interest.

Country/Territory of origin: United
States

Specialty type: Cardiac and
cardiovascular systems

Provenance and peer review:
Invited article; Externally peer
reviewed.

Peer-review report’s scientific
quality classification

Grade A (Excellent): 0

Grade B (Very good): 0
Grade C (Good): C

Grade D (Fair): 0

Grade E (Poor): 0

Open-Access: This article is an
open-access article that was
selected by an in-house editor and
fully peer-reviewed by external
reviewers. It is distributed in

Jaishideng®

WJC | https://www.wjgnet.com

Ayesha Javed, Department of Internal Medicine, University of Arizona, Tucson, AZ 85719,
United States

Muhammad Ajmal, Department of Cardiology, University of Arizona, Tucson, AZ 85719,
United States

Aaron Wolfson, Department of Cardiology, University of Southern California, Los Angeles, CA
90007, United States

Corresponding author: Muhammad Ajmal, MD, Academic Fellow, Department of Cardiology,
University of Arizona, 1625 N Campbell Ave, Tucson, AZ 85704, United States.
drajmal207@gmail.com

Abstract

Dabigatran, a direct thrombin inhibitor, has robust data for the treatment of deep
venous thrombosis and pulmonary embolism, stroke prevention in non-valvular
atrial fibrillation, and the prophylaxis of venous thromboembolism (VTE) after
knee and hip replacement. Recent studies have evaluated dabigatran to determine
its safety and efficacy in such conditions as VTE in malignancy, coronary artery
disease, mechanical and bioprosthetic valves, and antiphospholipid syndrome.
This article provides a comprehensive review on the role of dabigatran in various
cardiovascular diseases.
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venous thrombosis; Stroke
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Core Tip: Direct oral anticoagulants (DOACs) have plethora of data for the use in
medical field and particulalry in cardiovascular medicine. This review is focused on the
dabigatran which is one of the DOAC and it is prudent for all the physicians to be
familiar with this drug.
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INTRODUCTION

Warfarin, a vitamin K antagonist (VKA) and systemic anticoagulant, has been used for
decades in clinical practice for a variety of clinical indications including nonvalvular
atrial fibrillation, deep venous thrombosis (DVT) and pulmonary embolism (PE).
Given warfarin’s indirect mechanism of action, maintaining a goal international
normalized ratio (INR) is a constant challenge. Patients often experience periods of
over- and under-treatment and may therefore be exposed to increased risk for adverse
outcomes. The two classes of direct-acting oral anticoagulants (DOACs) include direct
thrombin inhibitors (DTI) and factor Xa inhibitors and both have emerged as attractive
alternatives to warfarin[1,2]. Dabigitran, a DTI, and three factor Xa inhibitors including
apixaban, edoxaban, and rivaroxaban are currently approved by the Food and Drug
Administration (FDA) for ischemic stroke prevention in non-valvular atrial fibrillation
(AF), treatment of venous thromboembolism (VTE) and the prevention of VTE after
hip and knee arthroplasty[3]. Dabigatran etexilate is a small molecule prodrug that is
rapidly converted by serum esterase to dabigatran, a competitive and reversible direct
inhibitor of thrombin. Dabigatran is predominantly (80%) excreted through the
kidneys and does not require INR[4]. The purpose of this review is to provide a
comprehensive review of the current and potential indications for dabigatran use.

ANTICOAGULATION IN NONVALVULAR ATRIAL FIBRILLATION

Atrial fibrillation is a prothrombotic condition that may lead to thrombus formation in
the left atrial appendage and with subsequent systemic embolization causing a
cerebrovascular accident (CVA) or stroke[2,5]. The efficacy of dabigatran in non-
valvular atrial fibrillation was studied in the Randomized Evaluation of Long-Term
Anticoagulant Therapy (RE-LY) multicenter randomized controlled trial. In this study,
patients were randomized to dabigatran 110 or 150 mg twice daily (BID) vs dose-
adjusted warfarin. Compared to warfarin, dabigatran dosed at 150 mg twice daily was
found to reduce the risk of systemic embolism and similar rates of major hemorrhage.
Dabigatran was the first DOAC that received FDA approval in 2010 and by the
European Medicines Agency (EMA) in 2011 for treatment of non-valvular atrial fibril-
lation. The recommended doses are 150 mg BID for patient with eGFR > 30 mL/min
and 75 mg BID (not tested in the Re-LY trial) for patients with an eGFR of 15-29
mL/min[6]. In a meta-analysis, dabigatran was found to be associated with a lower
risk of ischemic stroke, major bleeding, mortality, a similar risk of myocardial
infarction, and a greater risk of gastrointestinal bleeding when compared to warfarin
[7].

According to the 2019 American Heart Association (AHA)/American College of
Cardiology (ACC)/Heart Rhythm Society (HRS) Focused Update of the 2014
guidelines for the management of atrial fibrillation, dabigatran has a class 1
recommendation (level of evidence A) for the treatment of non-valvular atrial fibril-
lation and, similar to other DOACs, is recommended over warfarin. Dabigatran is
associated with a lower risk of serious bleeding and has been proven to be either non-
inferior or superior to warfarin in preventing stroke and systemic embolism[8].

TREATMENT OF DEEP VEIN THROMBOSIS AND PULMONARY EMBO-
LISM

Venous thromboembolism (VTE) includes the clinical entities of deep venous
thrombosis (DVT) and pulmonary embolism (PE) and is a major cause of morbidity
and mortality. The role of dabigatran in the treatment of acute VTE was evaluated in
the randomized, double-blind Phase III clinical trials of RE-COVER and RE-COVER II.
These trials included patients with DVT and PE who were initially treated with a
parenteral anticoagulant therapy for 5-10 d. Dabigatran at a dose of 150 mg twice daily
was compared to dose-adjusted warfarin with an INR target of 2-3 for a 6-mo period.
In both trials, dabigatran was found to be non-inferior to warfarin in reducing
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recurrent VTE. In both trials, dabigatran and warfarin had similar bleeding rates and
other adverse effects, while patients on dabigatran were more likely to have dyspepsia
as compared to warfarin in the RE-COVER trial, presumably due to the tartaric acid
component.

The extended treatment of VTE was studied in the RE-MEDY and RE-SONATE
trials. The RE-SONATE trial included patients that had been previously treated for an
acute DVT or PE with anticoagulant therapy for 6-18 mo. This trial found that
dabigatran use had a significant reduction in symptomatic VTE and related deaths.
While the RE-MEDY trial included patients, who had been previously treated for an
acute DVT and PE with anticoagulant therapy for 3 to 12-mo, dabigatran 150 mg twice
daily demonstrated noninferiority to dose-adjusted warfarin. An increased risk of
acute coronary syndrome was observed in the RE-MEDY trial although there was no
difference observed in the RE-SONATE trial[9]. In 2014, the FDA approved dabigatran
150 mg twice daily for the treatment of DVT and PE in patients with an eGFR > 30
mL/min while its use is not recommended for patients with a GFR < 30 mL/min.

The American College of Chest Physicians 2016 guidelines recommend dabigatran,
along with other DOACs, over warfarin for the treatment of acute VTE in patients
without cancer (Grade 2B) and recommend 3 mo of treatment for the management of
DVT and PE (Grade 1B)[10]. The American Society of Hematology 2020 guidelines for
VTE recommend DOACs over VKAs (conditional recommendation based on a
moderate certainty in evidence) and this recommendation does not apply to a patient
with low creatinine clearance, moderate to severe liver disease, or antiphospholipid
syndrome. This panel does not suggest one DOAC over another (conditional
recommendation based on low certainty in evidence)[11].

POSTOPERATIVE VTE PROPHYLAXIS AFTER HIP AND KNEE SURGERY

VTE is the third most common cause of cardiovascular death after myocardial
infarction and stroke and has high morbidity and mortality. Major orthopedic
surgeries such as total hip and knee arthroplasty are responsible for 50% of
thromboembolic events in the absence of VTE prophylaxis[12]. Oral dabigatran (220
mg or 150 mg once daily) was compared to subcutaneous enoxaparin for the primary
prevention of VTE in patients undergoing elective total hip or knee arthroplasty in
four randomized, double-blind, non-inferiority trials[13].

Prevention of postoperative thromboembolism after knee replacement
RE-MODEL was a randomized, double-blinded trial conducted in Europe and
included patients undergoing total knee replacement. In this trial, the patients were
assigned to oral dabigatran 150 mg or 220 mg once daily and were compared to
enoxaparin 40 mg subcutaneously once daily. Enoxaparin was given the evening
before surgery while dabigatran was administered 1-4 h after completion of surgery.
Treatment was continued for a total of 6-10 d and patients were assessed for 3 mo after
surgery. The primary outcome (total VTE and mortality during treatment) and safety
outcome (bleeding events) showed no difference between the two therapies.
Dabigatran (150 mg or 220 mg) was as effective as enoxaparin and had a similar safety
profile for the prevention of VTE after total knee replacement surgery[14].
RE-MOBLIZE was a double-blind, randomized trial conducted in the United States
and Canada and used enoxaparin 30 mg twice daily as compared to the 40 mg daily
dose used in the RE-MODEL trial. Patients with unilateral total knee arthroplasty were
randomized to receive dabigatran 220 or 150 mg once daily starting 6 to 12 h after the
surgery, or enoxaparin 30 mg subcutaneously twice daily starting the morning after
surgery. The treatment was continued for 12-15 d. Dabigatran showed inferior efficacy

to enoxaparin 30 mg twice daily while major bleeding rates were found to be similar
[15].

Prevention of postoperative thromboembolism after hip surgery

The RE-NOVATE randomized phase III, double-blinded trial was conducted in
Europe. This trial compared dabigatran 150 mg and 220 mg once daily to enoxaparin
40 mg subcutaneously once daily for the prevention of VTE in patients undergoing
total hip replacement. The treatment duration was 28-35 d. Both dabigatran doses
were found to be non-inferior to enoxaparin and the incidence of major bleeding was
not significantly different[16]. The RE-NOVATE II randomized phase III, double-
blinded trial was the follow-up study to further evaluate the efficacy and safety of the
dabigatran 220 mg dose in a more diverse population. This trial compared dabigatran
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220 mg to enoxaparin 40 mg once daily in patients undergoing total hip arthroplasty.
Patients were randomized to 28-35 d of treatment of dabigatran 220 once daily or
enoxaparin 40 mg subcutaneously. Subcutaneous enoxaparin was given the evening
before surgery while dabigatran 110 mg was given 1-4 h after completion of surgery
followed by a full dose of dabigatran 220 mg the morning after surgery. Dabigatran
was as effective as enoxaparin for preventing VTE and superior to enoxaparin for
reducing the risk of major VTE and major bleeding risk while adverse effects were the
same for both groups[17].

In 2015, the FDA approved dabigatran 110 mg on the day of surgery followed by
220 mg the next day for prophylaxis of DVT and PE in patients undergoing hip
replacement surgery. The recommended duration of prophylaxis is a minimum of 10-
14 d and can be extended up to 35 d. The same dose is being used off-label for the
prophylaxis of VTE after knee replacement[18]. The American College of Chest
Physicians’ guidelines recommend using antithrombotic prophylaxis over no
prophylaxis in patients undergoing total hip and knee arthroplasty and suggest
extending thromboprophylaxis for up to 35 d (Grade 1B recommendation)[19]. The
American Society of Hematology 2019 guidelines also recommends using pharmaco-
logical prophylaxis for patients undergoing hip fracture repair (conditional
recommendation based on very low certainty in evidence) and recommend using
aspirin or a systemic anticoagulant, preferably DOACs, for prophylaxis in patients
undergoing total hip or knee arthroplasty (conditional recommendation based on low
certainty in evidence)[20].

ROLE IN CORONARY ARTERY DISEASE

The randomized controlled RE-DUAL and RE-DEEM trials assessed the efficacy and
safety of DOACs in patients with coronary artery disease (CAD) including acute
coronary syndrome (ACS) and stable CAD in patients with atrial fibrillation. RE-
DUAL was a noninferiority trial that showed dual-pathway therapy with dabigatran
150 mg or 110 mg twice daily plus clopidogrel or ticagrelor reduced the risk of the
primary bleeding outcome compared to triple therapy in patients with atrial fibril-
lation undergoing PCI. This dual-pathway regimen also demonstrated noninferiority
for the secondary efficacy outcome (thromboembolic events, death), although there
was an increase in MI and stent thrombosis in dual pathway therapy when compared
to triple therapy[21]. The RE-DEEM phase II trial investigated the safety and efficacy
of dabigatran in ACS. Patients with STEMI and NSTEMI were randomly assigned to
dabigatran 50 mg twice daily, 75 mg twice daily, 110 mg twice daily, 150 mg twice
daily or placebo. Patients already on DAPT were continued on this regimen until the
end of the study. Dabigatran was found to have no association with ischemic benefit
and showed a dose-dependent increase in the rate of the primary safety outcome
(bleeding rate) when compared to placebo. A Phase III investigation was not
conducted following the RE-DEEM trial[22].

ROLE IN TREATMENT OF VTE WITH CANCER

Patients with cancer are at four-to-seven fold higher risk of developing VTE than those
without cancer. Therefore, VTE is an important cause of morbidity and mortality in
patients with cancer. The role of dabigatran in the treatment of acute VTE was
evaluated in the RE-COVER and RE-COVER II trials as reported above. Data from
these two randomized trials were pooled to determine the primary efficacy (recurrent
VTE and related death) and safety (major and non-major bleeding) outcomes of
dabigatran in active cancer patients who were diagnosed with cancer in the previous 5
years. No significant difference in efficacy between dabigatran and warfarin was
found. Although major bleeding and non-major bleeding events were more frequent in
patients with cancer than without cancer, there were no differences in the safety
outcomes between dabigatran and warfarin[23].

WJC | https://www.wjgnet.com 713 December 26,2021 | Volume13 | Issue12 |



Javed A et al. Dabigatran review

Jaishideng®

DABIGATRAN USE IN MECHANICAL AND/OR BIOPROSTHETIC VALVE
REPLACEMENT

In the Dabigatran phase III clinical trials for atrial fibrillation, patients with mechanical
heart valves were excluded. The RE-ALIGN study randomized patients with recent
mechanical aortic or mitral valve replacement in a 2:1 ratio to receive dabigatran or
warfarin. The patients received dabigatran doses of 150 mg, 220 mg or 300 mg twice
daily based on creatinine clearance. The study was discontinued early due to more
bleeding and thromboembolic events in the dabigatran-treated group. The DAWA
study was initiated to evaluate the efficacy and safety of dabigatran in patients with
bioprosthetic mitral and/or aortic valve replacement but the study was terminated
early due to limited enrollment[24,25].

ROLE IN TREATMENT OF LEFT VENTRICULAR THROMBUS

Although DOACs have been used off-label for the treatment of left ventricular
thrombus, there are currently no randomized controlled trials evaluating the safety
and efficacy for this indication. There is conflicting evidence based on various observa-
tional studies and a recent systematic review recommended against DOACs for the
treatment of left ventricular thrombi[26].On the other hand, a single centered,
retrospective, small observational study carried out at tertiary care center found that
dabigatran use in patients with left ventricular thrombus is both safe and effective[27].
Additional studies are needed the clarify the role of dabigatran in the treatment of left
ventricular thrombus.

USE AFTER LEFT ATRIAL APPENDAGE OCCLUSION

Left Atrial Appendage Occlusion (LAAO) is an established alternative to oral antico-
agulation in patients with atrial fibrillation and a contraindication to oral anticoagu-
lation to prevent the risk of stroke. LAAO device placement is associated with
increased postoperative stroke risk and requires anticoagulation after device
implantation[28]. There is no randomized clinical trial to compare the safety and
efficacy of anticoagulants after LAA occlusion. Although warfarin was used after
LAAO in landmark trials DOACs have been used in the real-world setting[29].

ANTIPHOSPHOLIPID SYNDROME

Antiphospholipid syndrome (APS) is an acquired autoimmune thrombophilia leading
to arterial, venous, and microvascular thrombosis. Post hoc analyses compared
dabigatran with warfarin in patients with APS for the treatment and prevention of
VTE and found no significant difference in symptomatic VTE or VTE-related deaths
between groups. The dabigatran group showed fewer bleeding events, but differences
did not reach statistical significance. The EMA recommends against the use of DOACs
in patients with APS, especially those with triple positive (lupus anticoagulant,
anticardiolipin, and anti-B2-glycoprotein antibodies) disease[30].

CONSIDERATION IN KIDNEY DISEASE

A meta-analysis published by some researchers evaluated the safety and efficacy of
dabigatran, apixaban and rivaroxaban in patients with renal insufficiency. DOAC use
was compared to warfarin in patients with mild (defined as eGFR 50-79 mL/min) and
moderate (defined as eGFR of 30-49 mL/min) renal impairment and found that
DOAC use reduced the risk of stroke, systemic embolism and major and non-major
bleeding[31]. Dabigatran 150 mg twice daily was approved by the FDA for atrial fibril-
lation for patients with eGFR > 30 mL/min and 75 mg twice daily for patients with
eGFR 15-29 mL/min[6]. Based on real-world data, the use of DOACs is strongly
discouraged in patients with end-stage renal disease (ESRD)[31]. After RE-COVER,
RE-COVER II, RE-MEDY, and RE-SONATE trials, the FDA approved dabigatran 150
mg BID (after 5-10 d of parenteral anticoagulation) for the treatment of DVT and PE in
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patients with eGFR > 30 mL/min and recommends against the use in patients with
eGFR < 30 mL/min[9]. In 2015, based on the RE-SONATE and RESONATE II trials,
the FDA approved dabigatran 220 mg once daily for VTE prophylaxis in patients
undergoing hip arthroplasty. This dose is used off-label in patients with knee arthro-
plasty; dabigatran is contraindicated for VTE prophylaxis in patients with eGFR < 30
mL/min[32]. The doses of dabigatran for various indications are shown in Table 1.

CONSIDERATION IN LIVER DISEASE

As all approved DOACs undergo some degree of hepatic metabolism, liver
dysfunction may increase the risk of bleeding. Patients with liver disease have been
excluded from the trials of DOACs, therefore, unlike guidelines for DOAC use in renal
disease, no guidelines are available for patients with liver impairment. Dabigatran has
3%-7% bioavailability and a small fraction is metabolized in the liver while 80% is
excreted through the kidney. Based on pharmacokinetic and pharmacodynamics
studies, the FDA does not recommend dose adjustments for patients with mild or
moderate hepatic impairment. The EMA recommends against dabigatran use in
patients with elevated liver function tests (twice the upper limit of normal)[33].

CONSIDERATION IN OBESITY

The efficacy and safety of DOACs in the obese population have not been investigated
in any large randomized controlled trial. DOACs are as effective as warfarin in phase
III randomized trials of atrial fibrillation and VTE, however, patients weighing > 100
kg were underrepresented and accounted for 20% of enrolled patients. The Scientific
and Standardization Subcommittee of the International Society on Thrombosis and
Hemostasis recommends against the use of DOACs in patients with a BMI > 40 kg/m?
or a weight >120 kg[3,34].

COST-EFFECTIVENESS ANALYSIS

There is no consensus on the most cost-effective DOAC agent and future head-to-head
clinical studies among DOACs are needed. One Canadian study demonstrated
dabigatran to be highly cost-effective among patients with atrial fibrillation for the
prevention of stroke and systemic embolism as compared to other alternatives[35].
Similarly, in the United Kingdom, Belgium, Denmark, and Taiwan studies have
demonstrated dabigatran to be cost-effective in patients with non-valvular atrial fibril-
lation for the prevention of stroke and systemic embolism[35-39]. Dabigatran was
found to be a cost-effective alternative compared to both warfarin and rivaroxaban for
the treatment of acute VTE in the United Kingdom[40]. In one study comparing
rivaroxaban and dabigatran with enoxaparin, dabigatran was found to be more cost-
effective than enoxaparin and less cost-effective than rivaroxaban for thrombopro-
phylaxis in patients undergoing total hip and knee replacements[41].

SAFETY

Dabigatran is associated with a high risk of gastrointestinal bleeding when used at
higher doses. Similarly, bleeding risk increases with in treatment with concomitant
aspirin use or in those with a history of bleeding[42]. According to the Beers criteria,
Dabigatran should be used with caution in patients age 75 and above given an
increased risk of gastrointestinal bleeding[43]. Due to the mechanism of absorption,
dabigatran use is not recommended in patients with a history of gastrointestinal or
bariatric surgery[44,45].

REVERSAL AGENT

Idarucizumab is a humanized monoclonal antibody fragment approved by the FDA
and EMA to reverse the anticoagulant effects of dabigatran. The recommended dose of
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Table 1 Indications and dosage of dabigatran

Indication

Renal function Doses

Non-valvular atrial fibrillation

Venous thromboembolism treatment

CrCl>30mL/min 150 mg BID
CrCl115-30 mL/min 75 mg BID
CrCl<15mL/min  Avoid use
CrCl>30mL/min 150 mg BID

CrCl<30mL/min  Avoid use

Venous thromboembolism prophylaxis following hip/knee replacement surgery CrCl > 30mL/min 110 mg one dose followed by 220 mg daily

CrCl1<30mL/min  Avoid use

BID: Twice daily.

Jaishideng®

idarucizumab is 5 g administered as two separate 2.5 g doses intravenously for rapid
reversal of uncontrolled bleeding in dabigatran-treated patients[46]. Glund et al[47]
conducted a randomized, controlled, phase I study in which patients received
idarucizumab 20 mg to 8 g as 1-hour intravenous infusion or 1, 2, or 4 g as 5 min
infusion and was found to be safe and well-tolerated in all administrated doses. In the
multicenter, prospective cohort study, the Reversal Effects of Idarucizumab on Active
Dabigatran (RE-VERSE AD) trial, Idarucizumab was found to reverse the antico-
agulant effect of dabigatran in 88% to 98% of the patients[48].

CONCLUSION

Dabigatran has strong data supported by randomized-controlled trials, observational
studies, systemic reviews, and meta-analysis for its role in stroke prevention in non-
valvular atrial fibrillation, treatment and prophylaxis of VTE, and treatment of VTE in
cancer patients. It has also been used off-label for the treatment of left ventricular
thrombus and post LAAO, but further randomized trials are needed to determine the
safety and efficacy of dabigatran in these indications. Current data do not support the
use of dabigatran in patients with mechanical or bioprosthetic valves and acute or
chronic CAD.
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Abstract

Acute myocardial infarction (AMI) with left ventricular (LV) dysfunction patients,
the most common cause of cardiogenic shock (CS), have acutely deteriorating
hemodynamic status. The frequent use of vasopressor and inotropic pharma-
cologic interventions along with mechanical circulatory support (MCS) in these
patients necessitates invasive hemodynamic monitoring. After the pivotal
Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheter-
ization Effectiveness trial failed to show a significant improvement in clinical
outcomes in shock patients managed with a pulmonary artery catheter (PAC), the
use of PAC has become less popular in clinical practice. In this review, we
summarize currently available literature to summarize the indications, clinical
relevance, and recommendations for use of PAC in the setting of AMI-CS.
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Core Tip: The unstable hemodynamic status in acute myocardial infarction-cardiogenic
shock patients and frequent use of vasopressor and inotropic medications along with
mechanical circulatory support devices, may suggest a role for invasive hemodynamic
monitoring with a pulmonary artery catheter (PAC) to help improve outcomes. In this
review, we summarize the currently available literature to summarize the indications,
clinical relevance, and recommendations for use of PAC in the setting of acute
myocardial infarction-cardiogenic shock.
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INTRODUCTION

Cardiogenic shock (CS) is a high-acuity hemodynamically diverse state of end-organ
hypoperfusion that is frequently associated with multisystem organ failure. Acute
myocardial infarction (AMI) with left ventricular (LV) dysfunction remains the most
frequent cause of CS[1,2]. AMI related CS (AMI-CS) continues to be associated with
high mortality (30%-40%) even in the contemporary era of early reperfusion, in-
creasing use and availability of MCS devices and multidisciplinary shock teams[3-5].
In contrary to conventional teaching, the hemodynamic profile of CS patients is
dynamic across a wide clinical spectrum depending on its stage of development[6].
The acutely deteriorating hemodynamic status in AMI-CS patients and nearly
ubiquitous use of vasopressor and inotropic medication along with mechanical
circulatory support (MCS) devices, underscore the importance of invasive hemo-
dynamic monitoring to help in providing optimal therapies for these patients.

Although earlier randomized clinical trials (RCTs) including the pivotal Evaluation
Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effect-
iveness (ESCAPE) trial failed to show a significant improvement in clinical outcomes
in shock patients managed with a pulmonary artery catheter (PAC), this data may not
be representative of AMI-CS patients as it involved hemodynamically stable patients
with heart failure and specifically excluded CS patients[7].

Earlier data from RCTs also failed to show mortality benefit in CS with use of PAC
[8-11]. But CS is not a homogeneous disorder and AMI-CS being a distinct entity with
markedly different therapeutic/interventional options and management protocols
were grossly under-represented (5%-20%) in those studies. Extrapolation of data from
these prior studies in the realms of heart failure and critical care and applying it to
AMI-CS population may warrant caution and further deliberation[12]. Recent registry-
based data allude to improved mortality especially in patients with heart failure and
CS with use of PAC[13]. The 2016 European Society of Cardiology guidelines for
treatment of heart failure also suggest use of PAC in patients with refractory CS
despite pharmacological treatment LOE IIb [C] or being considered for MCS or heart
transplantation LOE I [A][14].

Although there are a few earlier reviews on PAC use, they were focused on dia-
gnosis and management of CS patients undergoing MCS[15,16]. However, the use of
PAC in AMI-CS subset of patients requires more critical discussion due to multiple
recent studies in this arena and addition of intriguing new data regarding its clinical
utility. In this review, we intend to explore the indications and recommendations for
use of PAC in the setting of AMI-CS and review the recent literature supporting it.

December 26,2021 | Volume13 | Issue12 |


https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
https://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1949-8462/full/v13/i12/720.htm
https://dx.doi.org/10.4330/wjc.v13.i12.720

Ponamgi SP et al. Role of PAC in AMI-CS

Jaishideng®

Epidemiological trends of PAC use in AMI-CS

After the data from ESCAPE trial was published, there was a notable decrease in PAC
use for hemodynamically unstable patients except for AMI-CS. A recently published
studies of a nationally representative population of AMI-CS and HF showed up to 75%
decrease in PAC use between 2000 and 2014 despite a concomitant increase in patient
acuity[13,17]. Significantly higher PAC use was seen in younger patients, patients of
white race and those with higher baseline comorbidity, non-cardiac organ failure, and
on MCS[17]. Interestingly, PAC was utilized 10 times more frequently in patients with
HF and CS as compared to HF patients without CS between 2004 and 2014[13].
Another study involving medicare beneficiaries looked at 457193 hospitalized patients
with PACs and showed that the use of PAC decreased by about 2/3* from 6.28 per
1000 admissions in 1999 to 2.02 per 1000 admissions in 2013 (P < 0.001). The study also
noted that the decrease use of PAC was more pronounced in patients with respiratory
failure [29.9 PACs placed per 1000 admission in 1999 to 2.3 in 2013 (92.3% reduction), P
< 0.001 for trend] as compared to PAC use for AMI [20.0 PACs placed per 1000
admissions in 1999 to 5.2 in 2013 (decreased by 74.0%) P < 0.001]. Interestingly, the
study also noted a nadir in 2009 followed by a subsequent increase in use of PAC for
heart failure patients (9.1 PACs placed per 1000 admissions in 1999 to 4.0 in 2009 to 5.8
in 2013) and this was also associated with improved in-hospital mortality, 30-d
mortality, and reduced length of stay[18]. A study by Khera et al[19] looking at the
trends in PAC use among HF patients in the United States from the National Inpatient
Sample (NIS) data, 2001 to 2012 showed a decrease in PAC use in CS from 8.2% in 2001
to 6.7% in 2007, but then there was an upward trend up to 14% in 2012 and its use was
more common in the larger academic facilities with advanced HF therapies. Similarly,
more recent studies using NIS data from 2000-2014, looking at 364001 admissions with
AMI-CS showed that PAC was used in 8.1% of patients but there was a 75% decrease
during over the study period (13.9% to 5.4%)[17]. While another NIS based study
looking at more recent data of 1531878 hospitalized patients with CS (0.3% of total
hospital admissions) from January 1, 2004-December 31, 2018, showed a significant
increase in the trend for utilization of PAC in CS patients (both AMI-CS and non AMI-
CS) reaching up to 17% in 2018 as compared to 10% utilization in the immediate post-
ESCAPE trial era (P-trend < 0.001)[20].

In the European literature, a study by Sionis et al[6] using an observational, pro-
spective, multicenter, European registry showed that CS patients treated in aca-demic
centers noted PAC use 82 (37.4%) of the 219 patients over a course of 2 years. Rossello
et al[21] noted that a PAC was used in 64% of patients with CS from 2005-2009. In
Japan, the use of PAC was seen in 16.8% of patients[22]. Overall, the use of PAC is
more common in European countries than in United States and other non-European
countries. Earlier studies also noted higher use of PAC in patients with higher socio-
economic status and with insurance coverage, large urban hospitals and in patients
with MCS which may relate to social disparities in care among this population and
paradigm shift in the management of AMI-CS using newer per-cutaneous MCS
devices that may require constant hemodynamic data feedback for effective and safe
utilization[17].

Pathophysiology of CS and the role of PAC

Regardless of the etiology, CS is a primary pump failure (increased residual volume
and intracardiac pressures in one or both ventricles), which could be from right
ventricular, LV or biventricular dysfunction, resulting in hemodynamic compromise
and multi-organ failure[23-25]. PAC measures direct and indirect parameters which
can be used to differentiate right-sided, left-sided, or biventricular dysfunction. For
instance, a high central venous pressure (CVP) to pulmonary capillary wedge pressure
(PCWP) ratio indicates right-ventricular (RV) failure[26]. Similarly, low pulmonary
artery pulsatility index (PAPi), a more accurate measure of RV function, is associated
with high CVP, PCWP, mean PA pressure and low cardiac index (CI). In contrast,
these parameters measured with other non-invasive parameters such as echocardio-
graphy are not as accurate as with PAC[27]. The Society for Cardiovascular
Angiography and Interventions (SCAI) recently proposed a five-stage classification
system for CS: A - at risk - at risk of developing symptoms of CS but currently
asymptomatic; B - beginning - patient who has relative hypotension but no signs of
hypoperfusion; C - classic - patients require inotropic or MCS; D - deteriorating - C
getting worse with failure to respond to aforementioned therapies; and E - extremis -
circulatory collapse and refractory cardiac arrest (Figure 1)[28]. SCAI classification is
used for prognostication purposes as the in-hospital mortality has been shown to rise
progressively with each advancing SCAI stage[29,30]. Use of PAC measured para-
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Figure 1 Stages of cardiogenic shock classified by the Society of Cardiovascular Angiography and Intervention. CPR: Cardiopulmonary
resuscitation; ECMO: Extracorporeal membrane oxygenation. Citation: Baran DA, Grines CL, Bailey S, Burkhoff D, Hall SA, Henry TD, Hollenberg SM, Kapur NK,
O'Neill W, Ornato JP, Stelling K, Thiele H, van Diepen S, Naidu SS. SCAI clinical expert consensus statement on the classification of cardiogenic shock. Catheter
Cardiovasc Interv. 2019; 94(1): 29-37. Copyright® The Authors 2021. Published by John Wiley and Sons. The authors have obtained the permission for figure using
from the Wiley Periodicals Inc.

meters and prognostication through SCAI classification can facilitate clinical decision
making in deciding the therapy and its clinical utility[31].

Untreated or sub-optimally treated CS results in a state of persistent tissue hypoper-
fusion with accumulation of lactic acid metabolites which transitions the early
potentially reversible hemodynamic insult of CS to a more complex ‘hemo-metabolic’
cascade with refractory CS (Figure 2)[32]. All aspects of hemodynamic support inclu-
ding adequate circulatory support, optimal LV unloading, restoring myocardial
perfusion and achieving significant decongestion must be fulfilled in a timely manner
to effectively treat and reverse the hemodynamic compromise of CS[32,33].

Adequate circulatory support is defined by an increase in mean arterial pressure
(MAP) and enhanced microvascular blood flow resulting in adequate organ perfusion.
Ventricular unloading, which is defined as a reduction in myocardial work and wall
stress, is best achieved by reducing native ventricular pressure and volume[32,33].
Myocardial perfusion, increased epicardial and microvascular coronary blood flow,
often improves with adequate circulatory and ventricular support. Decongestion refers
to a reduction in total body volume resulting in decreased venous filling pressures
[32]. The importance of aforementioned aspects of CS is crucial to highlight, since
selective therapies such as inotropes and vasopressors although may increase MAP,
but they do not improve microvascular organ perfusion[32]. In addition, inotropes and
vasopressors disproportionately increase LV afterload, myocardial work/wall stress,
and myocardial ischemia eventually culminating refractory CS and increased in-
hospital mortality[32].

Clinical utility of hemodynamic parameters from the PAC

The use of hemodynamic parameters obtained through the PAC are essential
indicators for decision-making during the selection, initiation, titration and weaning of
pharmacological as well as MCS support in AMI-CS patients. Emerging new evidence
suggests that the use of PAC among patients with CS is associated with lower
mortality and lower in-hospital cardiac arrest possibly by improved patient selection
and better utilization of hemodynamic data to guide management[13]. Early acq-
uisition of hemodynamic data like cardiac output (CO), cardiac filling pressures and
systemic vascular resistances (SVR) and pulmonary vascular resistances (PVR) would
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help not only to define the nature of CS (univentricular or biventricular) but also to
evaluate the patient’s response to various advanced therapies[32]. For instance, the use
of PAC in such patients would be indispensable in assessing response to therapies,
guiding management and optimize device settings especially when escalating or de-
escalating MCS and is supported by the current heart failure guidelines (Table 1)[14,
16]. In patients with CS, continuous hemodynamic feedback from a PAC can guide
management by helping to optimize volume status, titrate vasoactive medications in a
more targeted fashion as well as detect any complications such as pump thrombosis
which usually manifests as recurrence of CS with sudden elevation of PA and PCWPs
[33,34]. A more recent reanalysis of the ESCAPE trial data published in 2016 showed
that advanced heart failure patients with a PAC who achieved a post-treatment goal of
PCWP + right atrial pressure (RAP) < 30 mmHg was associated with a 6-mo mortality
rate of 8.7%, as compared to 45.3% (P-value < 0.0001) in patients who have failed to
achieve that target[35]. A recently released scientific statement from the American
Heart Association does endorse use of PAC in difficult clinical scenarios such as when
treating patients with cardiorenal syndrome as the real-time hemodynamic data
obtained through PAC will help to identify and treat subclinical congestion and avoid
over diuresis and intravascular underfilling and thereby improving the hemody-
namics and subsequent end organ perfusion to the heart and kidneys[36] (Table 2).

Several algorithms have been proposed to help manage and potentially improve
outcomes in patients with AMI-CS and early acquisition of hemodynamic data using a
PAC and prompt action remain a central theme across all the various protocols.
According to the National Cardiogenic Shock Initiative, in order to achieve four
aspects of hemodynamic support equation, it is important to maintain thrombolysis in
myocardial infarction - 3 flow, CPO > 0.6 (CPO = MAP x CO/451) and PAPi > 0.90
[PAPi = (systolic pulmonary artery pressure - diastolic pulmonary artery
pressure/ CVP][37-39]. Four different management pathways could be evaluated from
CPO and PAPi. Therefore, the hemodynamics obtained from the use of a PAC are
crucial in determining further management.
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Table 1 Studies evaluating outcomes with use of pulmonary artery catheter in patients with cardiogenic shock

L Time Stud ‘
Author (year) Study type Region/sites . y . Outcomes Conclusion
period population
Sotomi et al[22] Prospective Japan- 2007-2011 1004 ADHF All-cause Decreased all-cause mortality
(2014) observational multicenter mortality in PAC cohort on ionotropic
support or lower SBP
Sionis et al[6] (2020) Prospective Europe- 2010-2012 219 CS, hypotension  30-d mortality No mortality difference. CI,
observational multicenter or severe LCOS CPI, and SVI-predictors of 30-d
mortality
Rossello et al[21] Prospective Spain-single 2005-2009 179 (@] Short- and long-  Lower long-term and short-
(2017) observational center term mortality ~ term mortality
Hernandez et al[13]  Retrospective United States- 2004-2014 9431944 ADHF and CS Mortality Lower mortality
(2019) observational multicenter
Doshi et al[54] Retrospective United States- 2005-2014 842369  CS In-hospital Lower mortality
(2018) observational multicenter mortality
Cohen et al[55] Retrospective International- - 26437 ACS 30-d mortality Higher mortality
(1)(2005) observational multicenter
Gore et al[56](1987)  Retrospective United States- 1975,1978, 3263 AMI In-hospitaland ~ No mortality difference
observational multicenter 1981, 1984 long-term

mortality
Vallabhajosyula et  Retrospective United States- 2000-2014 364001  AMI-CS In-hospital No mortality difference
al[17](2020) observational multicenter mortality
Zorzi et al[52] Retrospective Switzerland- 2008-2011 91 cs Mortality Increase in PAC in first 24 h
(2019) observational single center
Garan et al[34] Retrospective United States- 2016-2019 1414 (@] In-hospital Lower mortality
(2020) observational multicenter mortality
Cooper et al[57] Retrospective United States- 2002-2008 217 AMI CS diagnosis Echocardiography-based
(2015)(3) observational single center criteria can be used to

accurately diagnose CS

ACS: Acute coronary syndrome; ADHF: Acute decompensated heart failure; AMI: Acute myocardial infarction; CI: Cardiac index; CS: Cardiogenic shock;

CPI: Cardiac power index; HF: Heart failure; LCOS: Low cardiac output syndrome; PAC: Pulmonary artery catheterization; SBP: Systolic blood pressure;
SVI: Stroke volume index.

Jaishideng®

WJC | https://www.wjgnet.com 725

The INOVA Heart and Vascular Institute algorithm adopts a similar ‘combat’
approach to managing CS and primarily relies on 5 key areas of focus which include
rapid identification of shock, early right heart catheterization, expedited initiation and
early escalation of percutaneous MCS as appropriate, minimization of vasopressor and
inotrope use, and, meaningful patient recovery and survival[40,41]. In addition to the
routinely measured hemodynamic parameters using a PAC, the INOVA pathway
emphasizes on measurement of CPO (< 0.6), right atrial (RA): PCWP (> 0.63) and PAPi
(< 1.5) as well as other metrics such as serum lactate (> 2 mmol/L) and tricuspid
annular plane systolic excursion (< 14 mm) to help diagnose the presence of RV failure
and need for RV mechanical support in CS as well as guide management including
initiating or escalating/de-escalating percutaneous MCS[40].

In another prospective study by Garan ef al[42] comparing outcomes of veno-arterial
extracorporeal membrane oxygenation and a percutaneous ventricular assist device an
institutional CS algorithm was used to guide selection of MCS. Of the 51 patients, 31
(76.4%) underwent invasive hemodynamic assessment with a PAC before the first
device initiation and both groups had very similar hemodynamic parameters as
measured by the PAC including, RA pressure, PCWP, CPO and CI[42]. The Utah
Cardiac Recovery Shock Team also emphasizes the importance of multidisciplinary
shock team approach and early use of PAC to guide MCS selection and improve in-
hospital mortality (61.0% for shock team vs 47.9% for control; P = 0.041) and 30-d all-
cause mortality [hazard ratio (HR): 0.61, 95% cumulative incidence (CI): 0.41-0.93] in
refractory AMI-CS[41]. The University of Ottawa Heart Institute adopted a mul-
tidisciplinary code shock team approach to CS and demonstrated improved long-term
survival[43]. In their study as well, hemodynamic monitoring with a PAC was done in
62% of patients (66% for treatment vs 50% for control, P = 0.13) for a median duration
of 4 d (IQR, 2-6)[43].

December 26,2021 | Volume13 | Issue12 |



Ponamgi SP et al. Role of PAC in AMI-CS

Table 2 Current guidelines on pulmonary artery catheterization in cardiogenic shock

Guideline Recommendation

2011 ACCF/AHA Invasive hemodynamic monitoring with PAC is required before induction of anesthesia in patients with CS undergoing CABG

CABGJ51] (Class 1; level of evidence C)

2013 ACCF/AHA HF  Invasive hemodynamic monitoring should be performed in patients with respiratory distress or impaired perfusion - when

[52] intracardiac filling pressures could not be determined from clinical assessment (Class 1; level of evidence C)
Invasive hemodynamic monitoring is also recommended for patients with persistent acute HF symptoms despite empiric HF
therapy adjusts and with one of following: (1) Systemic or pulmonary vascular resistance; or fluid status or perfusion is
uncertain; (2) Low systolic blood pressure despite initial therapy; (3) Worsening renal function; (4) Candidate for pressor
support; and (5) Candidate for MCS or heart transplant (Class Ila; level of evidence C)

The 2013 ISHLT MCS  Patients undergoing procedure MCS device placement should have insertion of large-bore intra-venous line, arterial line, and

[53] pulmonary catheter for monitoring and intra-venous access (Class I; level of evidence B)

2016 ESC HF[11]

2017 SCAI/HFSA
Invasive
Hemodynamics[54]

Routine invasive hemodynamic evaluation is not indicated for diagnosis of HF - PAC could be used in hemodynamically
unstable patients with unknown mechanism of deterioration

PAC could be used for acute HF who have refractory symptoms despite pharmacological treatment (Class IIb; level of evidence
©

PAC along with right heart catheterization is recommended for evaluation of patients for MCS or heart transplantation (Class I;
level of evidence C)

Continuous hemodynamic monitoring is required for patients receiving MCS

Continuous hemodynamic monitoring is used for withdrawal of MCS and pharmacologic support

ACCF: American College of Cardiology Foundation; AHA: American Heart Association; CABG: Coronary artery bypass grafting; CS: Cardiogenic shock;
ESC: European Society of Cardiology; HF: Heart failure; HFSA: Heart Failure Society of America; ISHLT: International Society of Heart and Lung
Transplantation; MCS: Mechanical circulatory support; PAC: Pulmonary artery catheter; SCAI: Society of Cardiovascular Angiography and Intervention.
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The ratio between the RA pressure and PCWP (RA:PCWP ratio) could help us gain
insight into the possibility of RV failure in AMI and prognosis in patients with CS[32].
The RA:PCWP ratio can be used analogous to the classic 2 x 2 table in HF patients to
classify patients as hypovolemic, LV-, RV-, or BiV dominant congestion (Figure 3)[44,
45]. Prior studies have successfully demonstrated PAPi as a simple and reliable
hemodynamic measure to predict in-hospital mortality after acute inferior wall MI
with high sensitivity and specificity as well as predict RV failure after left ventricular
assist devices implantation[46,47].

A recent review on AMI-CS emphasizes the need for systems of care with early
recognition and transportation of AMI-CS patients to level I dedicated cardiac shock
care centers along with use of pre-PCI implantation of MCS devices with “door-to-
support” time < 90 min and consistent use of PAC for accurate hemodynamic
monitoring to help improve survival and outcomes in these patients[48]. It is
important to recognize that PAC does not have any intrinsic therapeutic effect and by
itself would not improve outcomes but rather facilitates decisions that could translate
to favorable outcomes by prompt and appropriate action guided by the real-time
monitoring of hemodynamic data. For instance, escalation of device therapy from a
primarily LV support to biventricular device support with Bipella (right and left sided
Impella) may be warranted if hemodynamic monitoring with PAC suggests
biventricular failure with CPO < 0.6 and PAPI < 0.9 to help reverse the progression of
AMI-CS[25].

Differentiating AMI-CS from CS in chronic congestive heart failure

Although CS is often referred to as one homogenous entity the CS phenotype in AMI
patients may be very distinct from that in end stage heart failure patients and such
early distinction could have significant prognostic and therapeutic implications. There
are also considerable differences between CS from AMI vs heart failure - chronicity in
heart failure along with neurohumoral dysregulation (especially shock) and changes
stemming from heart failure therapy[49]. CS from AMI has low filling, lower pul-
monary artery pressures, higher oxygen delivery (DO,), lower oxygen-hemoglobin
affinity (P50), and more severe metabolic acidosis in comparison with CS from end-
stage heart failure (ESHF)[49]. Further, there is higher inpatient mortality in patients
with acute HF related vs acute on chronic HF related CS even with similar hemo-
dynamic characteristics such as MAP, CO, cardiac power index (CPI)[50].
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Figure 3 Congestive profiles in cardiogenic shock. Clinical assessment of hemodynamic conditions in decompensated heart failure is traditionally
categorized into four groups based on systemic perfusion and congestive status using a two-by-two table. Cardiogenic shock is categorized as having LV-, RV-, or
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A recent single-center study by Lim et al[49] looking at patients with CS due to AMI
(n = 26) and ESHF (n = 42) who underwent MCS (extracorporeal life support, Impella
or temporary ventricular assist devices) suggested that the ESHF-CS patients had
higher filling and pulmonary artery pressures but lower oxygen delivery, greater
anaerobic metabolism with less severe metabolic acidosis as compared to the AMI-CS
patients.

Clinical outcomes in CS patients with PAC and hemodynamic monitoring

More recent data from the CS literature have shown potential short- and long-term
mortality implications of invasive hemodynamic data. In the CardShock study, which
used an observational, prospective, multicenter, European registry, the CI, CPI and
stroke volume index were the strongest 30-d mortality predictors in addition to the
previously validated CardShock risk score (Table 1)[6]. Similarly, an earlier study
looking at 541 patients with CS who were enrolled in the Should we emergently
revascularize Occluded Coronaries for CS (SHOCK) trial registry suggested that CP
[odd ratio (OR): 0.60, 95%CI: 0.44-0.83, P < 0.002; n = 181] and CPI (OR: 0.65, 95%CI:
0.48-0.87], P < 0.004; n = 178) are the strongest independent hemodynamic correlate of
in-hospital mortality in patients with CS[37], but this was not shown to be predictive
in a more recent study involving a large multi-center registry[34]. Data from this large
multicenter registry study representing real-world patients with CS in the contem-
porary acute MCS era suggested that decreased MAP along with an increased RAP
significantly associated with higher mortality but PCWP, CPO and CI did not appear
to impact mortality consistently[34].

The Nursing Students Competence Instrument shock team protocols used cardiac
power output[37], and PAPi[39,51] as hemodynamic criteria for MCS patient selection,
assessing response to therapy and for escalation/de-escalation of MCS. In this study,
CPO (> 0.6 or < 0.6 W) and lactate (> 4 or <4 mg/dL) at 12-24 h was shown to have the
best prognostic value in predicting survival as patients with persistently higher lactate
levels (> 4 mmol/L) and low CPO (< 0.6 W) at 12-24 h while on Impella support will
have a higher mortality (50%) and such patients should be evaluated for escalation of
MCS[38].

Another retrospective single center study looking at 91 consecutive patients with CS
due to primary LV failure, who had PAC within the first 24 h showed that a reduced
compliance of the pulmonary artery (CPA), worsened right ventricular dysfunction
and was independently associated with increased mortality in patients with CS and
increased from 4.5% in the quartile of patients with highest CPA to 43.5% in the lowest
CPA quartile[52].
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Literature has shown beneficial, non-significant, and deleterious effects of PAC in
CS patients (Table 1). In a study by Hernandez ef al[13] utilizing the NIS database,
patients with CS and PAC use had lower mortality (35.1% vs 39.2%, OR: 0.91; P <
0.001) and lower in-hospital cardiac arrest (14.9% vs 18.3%, OR: 0.77; P < 0.001) which
persisted even after propensity score matching. The Acute Decompensated Heart
Failure Syndromes registry which was an prospective, multicenter observational study
in which 813 patients (16.8%) were managed with PACs, of which 502 patients (PAC
group) were propensity core-matched with 502 controls (control group) showed that
PAC guided management in advanced HF patients with CS requiring inotropes (HR:
0.22; 95%ClI: 0.08-0.57; P = 0.002) and are hypotensive (systolic blood pressure < 100
mmHg; HR: 0.09; 95%CI: 0.01-0.70; P = 0.021) had an in-hospital mortality benefit
compared to those managed without PAC derived hemodynamic data[22]. Another
recent study from the Cardiogenic Shock Working Group looking at 1414 patients with
CS showed that use of complete PAC-derived hemodynamic data prior to MCS
initiation in 1190 (84 %) patients with advanced CS stages was associated with
improved survival from CS (P < 0.001). Patients with no PAC assessment had worse
in-hospital mortality as compared to patients who were assessed with PAC (OR: 1.57;
95%CI: 1.06-2.33)[34]. Another recent study involving 15259 AMI-CS patients treated
rapidly with an Impella for MCS along with use of invasive hemodynamic monitoring
with a PAC as the first strategy had significantly better survival rates (63%) as com-
pared to the controls (49%) (P < 0.001)[53].

Interestingly, a single center study with 129 patients admitted with CS and followed
for 5 years showed that the use of PAC in patients with CS was associated with lower
short-term (HR: 0.55, 95%ClI: 0.35-0.86, P = 0.008) and long-term mortality rates (HR:
0.63, 95%CI: 0.41-0.97, P = 0.035) even after adjustment for age, gender and the
presence of shock upon admission but this benefit was only significant in those
patients without acute coronary syndrome (ACS)[21]. This merits future studies on
outcomes of PAC in ACS vs non-ACS patients.

In contrast, CardShock study was an observational, prospective, multicenter,
European registry study in which more than one-third of patients were managed with
a PAC. The findings from this study suggest that use of PAC was associated with a
more aggressive treatment strategy but did not increase the 30-d mortality[6].
Similarly, a retrospective single center study looking at 91 consecutive patients with
CS due to primary LV failure, who had PAC within the first 24 h showed with
increased mortality in patients with CS[52]. The discrepancy in the outcomes of
mortality with PAC invites future multi-center and international trials as deciding
factors to assess the efficacy of PAC in comparison with PAC in AMI-CS sub-set of
population.

Limitations

This review is based on the results of currently available observational, single/multi-
center, and national cohorts. However, the contribution of confounding factors in these
studies in unknown. For instance, use of PAC could be significantly higher in critically
ill patients thus confounding the results of in-hospital, 30-d mortality and other
relevant clinical outcomes. Therefore, the role of PAC in AMI-CS patients may need to
be further explored through well-designed future RCTs.

Future directions

As PAC by itself has no intrinsic therapeutic benefit, future studies focused on testing
the workflows and appropriate interventions that would allow prompt acquisition and
action on hemodynamic information from the PAC including the timing, selection,
management, and weaning of temporary MCS. There is also an ongoing clinical trial
looking at whether PAC guided LV mechanical unloading after PCI for acute anterior
wall MI will attenuate post-infarct scar and cardiac remodeling. The data from this
study may further define the clinical utility of PAC in guiding the need for mechanical
LV unloading to help improve clinical outcomes in the setting of AMI-CS.

CONCLUSION

In conclusion, PAC has shown to be useful in monitoring treatment parameters,
tailoring treatments, and predict prognosis in AMI-CS patients. Several hemodynamic
parameters acquired using PAC are critical to not only defining the etiology of AMI-
CS (univentricular or Bi-ventricular) but also vital to the selection, initiation, titration
of both pharmacological and MCS devices in these patients that may help better
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outcomes. Early identification of CS with a targeted shock to device time of < 90 min
along with dedicated multidisciplinary shock teams and designated shock centers will
be critical to favorably affecting mortality outcomes in this extremely sick patient
population. However, the contradicting benefits of in-hospital and 30-d mortality in
AMI-CS requires further understanding of the processes and treatment strategies
using larger RCTs.

REFERENCES

1

11

13

14

15

Thiele H, Zeymer U, Neumann FJ, Ferenc M, Olbrich HG, Hausleiter J, Richardt G, Hennersdorf M,
Empen K, Fuernau G, Desch S, Eitel I, Hambrecht R, Fuhrmann J, B6hm M, Ebelt H, Schneider S,
Schuler G, Werdan K; IABP-SHOCK 1I Trial Investigators. Intraaortic balloon support for
myocardial infarction with cardiogenic shock. N Engl J Med 2012; 367: 1287-1296 [PMID: 22920912
DOI: 10.1056/NEJMoal1208410]

Hollenberg SM, Kavinsky CJ, Parrillo JE. Cardiogenic shock. Ann Intern Med 1999; 131: 47-59
[PMID: 10391815 DOI: 10.7326/0003-4819-131-1-199907060-00010]

Vallabhajosyula S, Ya'Qoub L, Dunlay SM, Vallabhajosyula S, Sundaragiri PR, Jaffe AS, Gersh BJ,
Kashani K. Sex disparities in acute kidney injury complicating acute myocardial infarction with
cardiogenic shock. ESC Heart Fail 2019; 6: 874-877 [PMID: 31271517 DOI: 10.1002/ehf2.12482]
Vallabhajosyula S, Prasad A, Sandhu GS, Bell MR, Gulati R, Eleid MF, Best PIM, Gersh BJ, Singh
M, Lerman A, Holmes DR Jr, Rihal CS, Barsness GW; Colaborators. Ten-year trends, predictors and
outcomes of mechanical circulatory support in percutaneous coronary intervention for acute
myocardial infarction with cardiogenic shock. Eurolntervention 2021; 16: e1254-¢1261 [PMID:
31746759 DOI: 10.4244/E1J-D-19-00226]

Vallabhajosyula S, Payne SR, Jentzer JC, Sangaralingham LR, Yao X, Kashani K, Shah ND, Prasad
A, Dunlay SM. Long-Term Outcomes of Acute Myocardial Infarction With Concomitant Cardiogenic
Shock and Cardiac Arrest. Am J Cardiol 2020; 133: 15-22 [PMID: 32811650 DOI:
10.1016/j.amjcard.2020.07.044]

Sionis A, Rivas-Lasarte M, Mebazaa A, Tarvasméki T, Sans-Rosell6 J, Tolppanen H, Varpula M,
Jurkko R, Banaszewski M, Silva-Cardoso J, Carubelli V, Lindholm MG, Parissis J, Spinar J, Lassus J,
Harjola VP, Masip J. Current Use and Impact on 30-Day Mortality of Pulmonary Artery Catheter in
Cardiogenic Shock Patients: Results From the CardShock Study. J Intensive Care Med 2020, 35:
1426-1433 [PMID: 30732522 DOI: 10.1177/0885066619828959]

Binanay C, Califf RM, Hasselblad V, O'Connor CM, Shah MR, Sopko G, Stevenson LW, Francis
GS, Leier CV, Miller LW; ESCAPE Investigators and ESCAPE Study Coordinators. Evaluation study
of congestive heart failure and pulmonary artery catheterization effectiveness: the ESCAPE trial.
JAMA 2005; 294: 1625-1633 [PMID: 16204662 DOI: 10.1001/jama.294.13.1625]

Rhodes A, Cusack RJ, Newman PJ, Grounds RM, Bennett ED. A randomised, controlled trial of the
pulmonary artery catheter in critically ill patients. /ntensive Care Med 2002; 28: 256-264 [PMID:
11904653 DOL: 10.1007/s00134-002-1206-9]

Richard C, Warszawski J, Anguel N, Deye N, Combes A, Barnoud D, Boulain T, Lefort Y, Fartoukh
M, Baud F, Boyer A, Brochard L, Teboul JL; French Pulmonary Artery Catheter Study Group. Early
use of the pulmonary artery catheter and outcomes in patients with shock and acute respiratory
distress syndrome: a randomized controlled trial. JAMA 2003; 290: 2713-2720 [PMID: 14645314
DOI: 10.1001/jama.290.20.2713]

Harvey S, Harrison DA, Singer M, Ashcroft J, Jones CM, Elbourne D, Brampton W, Williams D,
Young D, Rowan K; PAC-Man study collaboration. Assessment of the clinical effectiveness of
pulmonary artery catheters in management of patients in intensive care (PAC-Man): a randomised
controlled trial. Lancet 2005; 366: 472-477 [PMID: 16084255 DOI:
10.1016/S0140-6736(05)67061-4]

Guyatt G. A randomized control trial of right-heart catheterization in critically ill patients. Ontario
Intensive Care Study Group. J Intensive Care Med 1991; 6: 91-95 [PMID: 10147952 DOI:
10.1177/088506669100600204]

Fang JC, Jones TL. Can a Pulmonary Artery Catheter Improve Outcomes in Cardiogenic Shock?
JACC Heart Fail 2020; 8: 914-916 [PMID: 33121703 DOI: 10.1016/).jchf.2020.08.013]

Hernandez GA, Lemor A, Blumer V, Rueda CA, Zalawadiya S, Stevenson LW, Lindenfeld J. Trends
in Utilization and Outcomes of Pulmonary Artery Catheterization in Heart Failure With and Without
Cardiogenic Shock. J Card Fail 2019; 25: 364-371 [PMID: 30858119 DOI:
10.1016/j.cardfail.2019.03.004]

Ponikowski P, Voors AA, Anker SD, Bueno H, Cleland JGF, Coats AJS, Falk V, Gonzalez-Juanatey
JR, Harjola VP, Jankowska EA, Jessup M, Linde C, Nihoyannopoulos P, Parissis JT, Pieske B, Riley
JP, Rosano GMC, Ruilope LM, Ruschitzka F, Rutten FH, van der Meer P; ESC Scientific Document
Group. 2016 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The
Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society
of Cardiology (ESC)Developed with the special contribution of the Heart Failure Association (HFA)
of the ESC. Eur Heart J 2016; 37: 2129-2200 [PMID: 27206819 DOI: 10.1093/eurheartj/ehw128]
Kahwash R, Leier CV, Miller L. Role of the pulmonary artery catheter in diagnosis and management

WJC | https://www.wjgnet.com 729 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/22920912
https://dx.doi.org/10.1056/NEJMoa1208410
http://www.ncbi.nlm.nih.gov/pubmed/10391815
https://dx.doi.org/10.7326/0003-4819-131-1-199907060-00010
http://www.ncbi.nlm.nih.gov/pubmed/31271517
https://dx.doi.org/10.1002/ehf2.12482
http://www.ncbi.nlm.nih.gov/pubmed/31746759
https://dx.doi.org/10.4244/EIJ-D-19-00226
http://www.ncbi.nlm.nih.gov/pubmed/32811650
https://dx.doi.org/10.1016/j.amjcard.2020.07.044
http://www.ncbi.nlm.nih.gov/pubmed/30732522
https://dx.doi.org/10.1177/0885066619828959
http://www.ncbi.nlm.nih.gov/pubmed/16204662
https://dx.doi.org/10.1001/jama.294.13.1625
http://www.ncbi.nlm.nih.gov/pubmed/11904653
https://dx.doi.org/10.1007/s00134-002-1206-9
http://www.ncbi.nlm.nih.gov/pubmed/14645314
https://dx.doi.org/10.1001/jama.290.20.2713
http://www.ncbi.nlm.nih.gov/pubmed/16084255
https://dx.doi.org/10.1016/S0140-6736(05)67061-4
http://www.ncbi.nlm.nih.gov/pubmed/10147952
https://dx.doi.org/10.1177/088506669100600204
http://www.ncbi.nlm.nih.gov/pubmed/33121703
https://dx.doi.org/10.1016/j.jchf.2020.08.013
http://www.ncbi.nlm.nih.gov/pubmed/30858119
https://dx.doi.org/10.1016/j.cardfail.2019.03.004
http://www.ncbi.nlm.nih.gov/pubmed/27206819
https://dx.doi.org/10.1093/eurheartj/ehw128

Ponamgi SP et al. Role of PAC in AMI-CS

Jaishideng®

18

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

of heart failure. Cardiol Clin 2011; 29: 281-288 [PMID: 21459249 DOI: 10.1016/j.ccl.2011.03.001]
Saxena A, Garan AR, Kapur NK, O'Neill WW, Lindenfeld J, Pinney SP, Uriel N, Burkhoff D, Kern
M. Value of Hemodynamic Monitoring in Patients With Cardiogenic Shock Undergoing Mechanical
Circulatory Support. Circulation 2020; 141: 1184-1197 [PMID: 32250695 DOI:
10.1161/CIRCULATIONAHA.119.043080]

Vallabhajosyula S, Shankar A, Patlolla SH, Prasad A, Bell MR, Jentzer JC, Arora S, Vallabhajosyula
S, Gersh BJ, Jaffe AS, Holmes DR Jr, Dunlay SM, Barsness GW. Pulmonary artery catheter use in
acute myocardial infarction-cardiogenic shock. ESC Heart Fail 2020; 7: 1234-1245 [PMID:
32239806 DOI: 10.1002/ehf2.12652]

Ikuta K, Wang Y, Robinson A, Ahmad T, Krumholz HM, Desai NR. National Trends in Use and
Outcomes of Pulmonary Artery Catheters Among Medicare Beneficiaries, 1999-2013. JAMA Cardiol
2017;2: 908-913 [PMID: 28593267 DOI: 10.1001/jamacardio.2017.1670]

Khera R, Pandey A, Kumar N, Singh R, Bano S, Golwala H, Kumbhani DJ, Girotra S, Fonarow GC.
Variation in Hospital Use and Outcomes Associated With Pulmonary Artery Catheterization in Heart
Failure in the United States. Circ Heart Fail 2016; 9 [PMID: 27780836 DOI:
10.1161/CIRCHEARTFAILURE.116.003226]

Osman M, Balla S, Dupont A, O'Neill WW, Basir MB. Reviving Invasive Hemodynamic Monitoring
in Cardiogenic Shock. Invasive Hemodynamic Monitoring in Cardiogenic Shock. Am J Cardiol 2021;
150: 128-129 [PMID: 33972078 DOI: 10.1016/j.amjcard.2021.03.033]

Rossello X, Vila M, Rivas-Lasarte M, Ferrero-Gregori A, Sans-Roselld J, Duran-Cambra A, Sionis A.
Impact of Pulmonary Artery Catheter Use on Short- and Long-Term Mortality in Patients with
Cardiogenic Shock. Cardiology 2017; 136: 61-69 [PMID: 27553044 DOI: 10.1159/000448110]
Sotomi Y, Sato N, Kajimoto K, Sakata Y, Mizuno M, Minami Y, Fujii K, Takano T; investigators of
the Acute Decompensated Heart Failure Syndromes (ATTEND) Registry. Impact of pulmonary artery
catheter on outcome in patients with acute heart failure syndromes with hypotension or receiving
inotropes: from the ATTEND Registry. Int J Cardiol 2014; 172: 165-172 [PMID: 24447746 DOIL:
10.1016/j.ijcard.2013.12.174]

Jacobs AK, Leopold JA, Bates E, Mendes LA, Sleeper LA, White H, Davidoff R, Boland J, Modur S,
Forman R, Hochman JS. Cardiogenic shock caused by right ventricular infarction: a report from the
SHOCK registry. J Am Coll Cardiol 2003; 41: 1273-1279 [PMID: 12706920 DOI:
10.1016/s0735-1097(03)00120-7]

Wong CK, White HD. Cardiogenic shock from left ventricular dysfunction complicating an acute ST-
elevation myocardial infarction. Am Heart Hosp J 2009; 7: 33-38 [PMID: 19742431 DOL:
10.15420/ahhj.2009.7.1.33]

Kuchibhotla S, Esposito ML, Breton C, Pedicini R, Mullin A, O'Kelly R, Anderson M, Morris DL,
Batsides G, Ramzy D, Grise M, Pham DT, Kapur NK. Acute Biventricular Mechanical Circulatory
Support for Cardiogenic Shock. J Am Heart Assoc 2017; 6 [PMID: 29054842 DOI:
10.1161/JAHA.117.006670]

Kochav SM, Flores RJ, Truby LK, Topkara VK. Prognostic Impact of Pulmonary Artery Pulsatility
Index (PAPi) in Patients With Advanced Heart Failure: Insights From the ESCAPE Trial. J Card Fail
2018; 24: 453-459 [PMID: 29597051 DOI: 10.1016/j.cardfail.2018.03.008]

McClanahan A, Guglin M. Right ventricular dysfunction compromises accuracy of
echocardiographic diagnosis of pulmonary hypertension in heart failure. J Card Fail 2011; 17: 1023-
1027 [PMID: 22123366 DOI: 10.1016/j.cardfail.2011.08.011]

Baran DA, Grines CL, Bailey S, Burkhoff D, Hall SA, Henry TD, Hollenberg SM, Kapur NK,
O'Neill W, Orato JP, Stelling K, Thiele H, van Diepen S, Naidu SS. SCAI clinical expert consensus
statement on the classification of cardiogenic shock: This document was endorsed by the American
College of Cardiology (ACC), the American Heart Association (AHA), the Society of Critical Care
Medicine (SCCM), and the Society of Thoracic Surgeons (STS) in April 2019. Catheter Cardiovasc
Interv 2019; 94: 29-37 [PMID: 31104355 DOI: 10.1002/ccd.28329]

Baran DA, Long A, Badiye AP, Stelling K. Prospective validation of the SCAI shock classification:
Single center analysis. Catheter Cardiovasc Interv 2020; 96: 1339-1347 [PMID: 33026155 DOI:
10.1002/ccd.29319]

Jentzer JC, van Diepen S, Barsness GW, Henry TD, Menon V, Rihal CS, Naidu SS, Baran DA.
Cardiogenic Shock Classification to Predict Mortality in the Cardiac Intensive Care Unit. J Am Coll
Cardiol 2019; 74: 2117-2128 [PMID: 31548097 DOI: 10.1016/j.jacc.2019.07.077]

Vallabhajosyula S, Kumar V, Vallabhajosyula S, Subramaniam AV, Patlolla SH, Verghese D,
Ya'Qoub L, Stulak JM, Sandhu GS, Prasad A, Holmes DR Jr, Barsness GW. Acute myocardial
infarction-cardiogenic shock in patients with prior coronary artery bypass grafting: A 16-year national
cohort analysis of temporal trends, management and outcomes. Int J Cardiol 2020; 310: 9-15 [PMID:
32085862 DOI: 10.1016/j.ijcard.2020.02.033]

Esposito ML, Kapur NK. Acute mechanical circulatory support for cardiogenic shock: the "door to
support" time. F/000Res 2017; 6: 737 [PMID: 28580136 DOI: 10.12688/f1000research.11150.1]
Burkhoff D, Naidu SS. The science behind percutaneous hemodynamic support: a review and
comparison of support strategies. Catheter Cardiovasc Interv 2012; 80: 816-829 [PMID: 22431494
DOLI: 10.1002/ced.24421]

Garan AR, Kanwar M, Thayer KL, Whitehead E, Zweck E, Hernandez-Montfort J, Mahr C,
Haywood JL, Harwani NM, Wencker D, Sinha SS, Vorovich E, Abraham J, O'Neill W, Burkhoff D,
Kapur NK. Complete Hemodynamic Profiling With Pulmonary Artery Catheters in Cardiogenic

WJC | https://www.wjgnet.com 730 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/21459249
https://dx.doi.org/10.1016/j.ccl.2011.03.001
http://www.ncbi.nlm.nih.gov/pubmed/32250695
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.043080
http://www.ncbi.nlm.nih.gov/pubmed/32239806
https://dx.doi.org/10.1002/ehf2.12652
http://www.ncbi.nlm.nih.gov/pubmed/28593267
https://dx.doi.org/10.1001/jamacardio.2017.1670
http://www.ncbi.nlm.nih.gov/pubmed/27780836
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.116.003226
http://www.ncbi.nlm.nih.gov/pubmed/33972078
https://dx.doi.org/10.1016/j.amjcard.2021.03.033
http://www.ncbi.nlm.nih.gov/pubmed/27553044
https://dx.doi.org/10.1159/000448110
http://www.ncbi.nlm.nih.gov/pubmed/24447746
https://dx.doi.org/10.1016/j.ijcard.2013.12.174
http://www.ncbi.nlm.nih.gov/pubmed/12706920
https://dx.doi.org/10.1016/s0735-1097(03)00120-7
http://www.ncbi.nlm.nih.gov/pubmed/19742431
https://dx.doi.org/10.15420/ahhj.2009.7.1.33
http://www.ncbi.nlm.nih.gov/pubmed/29054842
https://dx.doi.org/10.1161/JAHA.117.006670
http://www.ncbi.nlm.nih.gov/pubmed/29597051
https://dx.doi.org/10.1016/j.cardfail.2018.03.008
http://www.ncbi.nlm.nih.gov/pubmed/22123366
https://dx.doi.org/10.1016/j.cardfail.2011.08.011
http://www.ncbi.nlm.nih.gov/pubmed/31104355
https://dx.doi.org/10.1002/ccd.28329
http://www.ncbi.nlm.nih.gov/pubmed/33026155
https://dx.doi.org/10.1002/ccd.29319
http://www.ncbi.nlm.nih.gov/pubmed/31548097
https://dx.doi.org/10.1016/j.jacc.2019.07.077
http://www.ncbi.nlm.nih.gov/pubmed/32085862
https://dx.doi.org/10.1016/j.ijcard.2020.02.033
http://www.ncbi.nlm.nih.gov/pubmed/28580136
https://dx.doi.org/10.12688/f1000research.11150.1
http://www.ncbi.nlm.nih.gov/pubmed/22431494
https://dx.doi.org/10.1002/ccd.24421

Jaishideng®

35

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

Ponamgi SP et al. Role of PAC in AMI-CS

Shock Is Associated With Lower In-Hospital Mortality. JACC Heart Fail 2020; 8: 903-913 [PMID:
33121702 DOI: 10.1016/j.jcht.2020.08.012]

Ma TS, Paniagua D, Denktas AE, Jneid H, Kar B, Chan W, Bozkurt B. Usefulness of the Sum of
Pulmonary Capillary Wedge Pressure and Right Atrial Pressure as a Congestion Index that
Prognosticates Heart Failure Survival (from the Evaluation Study of Congestive Heart Failure and
Pulmonary Artery Catheterization Effectiveness Trial). Am J Cardiol 2016; 118: 854-859 [PMID:
27474338 DOI: 10.1016/j.amjcard.2016.06.040]

Rangaswami J, Bhalla V, Blair JEA, Chang TI, Costa S, Lentine KL, Lerma EV, Mezue K, Molitch
M, Mullens W, Ronco C, Tang WHW, McCullough PA; American Heart Association Council on the
Kidney in Cardiovascular Disease and Council on Clinical Cardiology. Cardiorenal Syndrome:
Classification, Pathophysiology, Diagnosis, and Treatment Strategies: A Scientific Statement From
the American Heart Association. Circulation 2019; 139: e840-¢878 [PMID: 30852913 DOI:
10.1161/CIR.0000000000000664]

Fincke R, Hochman JS, Lowe AM, Menon V, Slater N, Webb JG, LeJemtel TH, Cotter G; SHOCK
Investigators. Cardiac power is the strongest hemodynamic correlate of mortality in cardiogenic
shock: a report from the SHOCK trial registry. J Am Coll Cardiol 2004; 44: 340-348 [PMID:
15261929 DOLI: 10.1016/j.jacc.2004.03.060]

Basir MB, Kapur NK, Patel K, Salam MA, Schreiber T, Kaki A, Hanson I, Almany S, Timmis S,
Dixon S, Kolski B, Todd J, Senter S, Marso S, Lasorda D, Wilkins C, Lalonde T, Attallah A, Larkin
T, Dupont A, Marshall J, Patel N, Overly T, Green M, Tehrani B, Truesdell AG, Sharma R, Akhtar Y,
McRae T 3rd, O'Neill B, Finley J, Rahman A, Foster M, Askari R, Goldsweig A, Martin S, Bharadwaj
A, Khuddus M, Caputo C, Korpas D, Cawich I, McAllister D, Blank N, Alraies MC, Fisher R,
Khandelwal A, Alaswad K, Lemor A, Johnson T, Hacala M, O'Neill WW; National Cardiogenic
Shock Initiative Investigators. Improved Outcomes Associated with the use of Shock Protocols:
Updates from the National Cardiogenic Shock Initiative. Catheter Cardiovasc Interv 2019; 93: 1173-
1183 [PMID: 31025538 DOI: 10.1002/ccd.28307]

Basir MB, Schreiber T, Dixon S, Alaswad K, Patel K, Almany S, Khandelwal A, Hanson I, George
A, Ashbrook M, Blank N, Abdelsalam M, Sareen N, Timmis SBH, O'Neill Md WW. Feasibility of
early mechanical circulatory support in acute myocardial infarction complicated by cardiogenic
shock: The Detroit cardiogenic shock initiative. Catheter Cardiovasc Interv 2018; 91: 454-461
[PMID: 29266676 DOI: 10.1002/ccd.27427]

Truesdell AG, Tehrani B, Singh R, Desai S, Saulino P, Barnett S, Lavanier S, Murphy C. 'Combat'
Approach to Cardiogenic Shock. Interv Cardiol 2018; 13: 81-86 [PMID: 29928313 DOI:
10.15420/icr.2017:35:3]

Taleb I, Koliopoulou AG, Tandar A, McKellar SH, Tonna JE, Nativi-Nicolau J, Alvarez Villela M,
Welt F, Stehlik J, Gilbert EM, Wever-Pinzon O, Morshedzadeh JH, Dranow E, Selzman CH, Fang JC,
Drakos SG. Shock Team Approach in Refractory Cardiogenic Shock Requiring Short-Term
Mechanical Circulatory Support: A Proof of Concept. Circulation 2019; 140: 98-100 [PMID:
31549877 DOL: 10.1161/CIRCULATIONAHA.119.040654]

Garan AR, Takeda K, Salna M, Vandenberge J, Doshi D, Karmpaliotis D, Kirtane AJ, Takayama H,
Kurlansky P. Prospective Comparison of a Percutaneous Ventricular Assist Device and Venoarterial
Extracorporeal Membrane Oxygenation for Patients With Cardiogenic Shock Following Acute
Myocardial Infarction. J Am Heart Assoc 2019; 8: 012171 [PMID: 31041870 DOI:
10.1161/JAHA.119.012171]

Lee F, Hutson JH, Boodhwani M, McDonald B, So D, De Roock S, Rubens F, Stadnick E, Ruel M,
Le May M, Labinaz M, Chien K, Garuba HA, Mielniczuk LM, Chih S. Multidisciplinary Code Shock
Team in Cardiogenic Shock: A Canadian Centre Experience. CJC Open 2020; 2: 249-257 [PMID:
32695976 DOL: 10.1016/j.¢jc0.2020.03.009]

Nohria A, Lewis E, Stevenson LW. Medical management of advanced heart failure. JAMA 2002;
287: 628-640 [PMID: 11829703 DOI: 10.1001/jama.287.5.628]

Kapur NK, Esposito ML. Door to Unload: a New Paradigm for the Management of Cardiogenic
Shock. Curr Cardiovasc Risk 2016; 10 [DOI: 10.1007/s12170-016-0524-3]

Morine KJ, Kiernan MS, Pham DT, Paruchuri V, Denofrio D, Kapur NK. Pulmonary Artery
Pulsatility Index Is Associated With Right Ventricular Failure After Left Ventricular Assist Device
Surgery. J Card Fail 2016; 22: 110-116 [PMID: 26564619 DOI: 10.1016/j.cardfail.2015.10.019]
Korabathina R, Heffernan KS, Paruchuri V, Patel AR, Mudd JO, Prutkin JM, Orr NM, Weintraub A,
Kimmelstiel CD, Kapur NK. The pulmonary artery pulsatility index identifies severe right ventricular
dysfunction in acute inferior myocardial infarction. Catheter Cardiovasc Interv 2012; 80: 593-600
[PMID: 21954053 DOI: 10.1002/ccd.23309]

Rab T, Ratanapo S, Kern KB, Basir MB, McDaniel M, Meraj P, King SB 3rd, O'Neill W. Cardiac
Shock Care Centers: JACC Review Topic of the Week. J Am Coll Cardiol 2018; 72: 1972-1980
[PMID: 30309475 DOI: 10.1016/j.jacc.2018.07.074]

Lim HS, Howell N. Cardiogenic Shock Due to End-Stage Heart Failure and Acute Myocardial
Infarction: Characteristics and Outcome of Temporary Mechanical Circulatory Support. Shock 2018;
50: 167-172 [PMID: 29112104 DOI: 10.1097/SHK.0000000000001052]

Jones TL, Tan MC, Nguyen V, Kearney KE, Maynard CC, Anderson E, Mahr C, McCabe JM.
Outcome differences in acute vs. acute on chronic heart failure and cardiogenic shock. ESC Heart
Fail 2020; 7: 1118-1124 [PMID: 32160418 DOI: 10.1002/¢hf2.12670]

Kang G, Ha R, Banerjee D. Pulmonary artery pulsatility index predicts right ventricular failure after

WJC | https://www.wjgnet.com 731 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/33121702
https://dx.doi.org/10.1016/j.jchf.2020.08.012
http://www.ncbi.nlm.nih.gov/pubmed/27474338
https://dx.doi.org/10.1016/j.amjcard.2016.06.040
http://www.ncbi.nlm.nih.gov/pubmed/30852913
https://dx.doi.org/10.1161/CIR.0000000000000664
http://www.ncbi.nlm.nih.gov/pubmed/15261929
https://dx.doi.org/10.1016/j.jacc.2004.03.060
http://www.ncbi.nlm.nih.gov/pubmed/31025538
https://dx.doi.org/10.1002/ccd.28307
http://www.ncbi.nlm.nih.gov/pubmed/29266676
https://dx.doi.org/10.1002/ccd.27427
http://www.ncbi.nlm.nih.gov/pubmed/29928313
https://dx.doi.org/10.15420/icr.2017:35:3
http://www.ncbi.nlm.nih.gov/pubmed/31549877
https://dx.doi.org/10.1161/CIRCULATIONAHA.119.040654
http://www.ncbi.nlm.nih.gov/pubmed/31041870
https://dx.doi.org/10.1161/JAHA.119.012171
http://www.ncbi.nlm.nih.gov/pubmed/32695976
https://dx.doi.org/10.1016/j.cjco.2020.03.009
http://www.ncbi.nlm.nih.gov/pubmed/11829703
https://dx.doi.org/10.1001/jama.287.5.628
https://dx.doi.org/10.1007/s12170-016-0524-3
http://www.ncbi.nlm.nih.gov/pubmed/26564619
https://dx.doi.org/10.1016/j.cardfail.2015.10.019
http://www.ncbi.nlm.nih.gov/pubmed/21954053
https://dx.doi.org/10.1002/ccd.23309
http://www.ncbi.nlm.nih.gov/pubmed/30309475
https://dx.doi.org/10.1016/j.jacc.2018.07.074
http://www.ncbi.nlm.nih.gov/pubmed/29112104
https://dx.doi.org/10.1097/SHK.0000000000001052
http://www.ncbi.nlm.nih.gov/pubmed/32160418
https://dx.doi.org/10.1002/ehf2.12670

Ponamgi SP et al. Role of PAC in AMI-CS

Jaishideng®

52

53

54

55

56

57

left ventricular assist device implantation. J Heart Lung Transplant 2016; 35: 67-73 [PMID:
26212656 DOI: 10.1016/j.healun.2015.06.009]

Zorzi MF, Cancelli E, Rusca M, Kirsch M, Yerly P, Liaudet L. The prognostic value of pulmonary
artery compliance in cardiogenic shock. Pulm Circ 2019; 9: 2045894019877161 [PMID: 31555434
DOI: 10.1177/2045894019877161]

O'Neill WW, Grines C, Schreiber T, Moses J, Maini B, Dixon SR, Ohman EM. Analysis of outcomes
for 15,259 US patients with acute myocardial infarction cardiogenic shock (AMICS) supported with
the Impella device. Am Heart J 2018; 202: 33-38 [PMID: 29803984 DOI: 10.1016/j.ahj.2018.03.024]
Doshi R, Patel K, Patel P, Meraj PM. Trends in the utilization and in-hospital mortality associated
with pulmonary artery catheter use for cardiogenic shock hospitalizations. Indian Heart J 2018; 70
Suppl 3: S496-S498 [PMID: 30595316 DOI: 10.1016/j.ihj.2018.08.021]

Cohen MG, Kelly RV, Kong DF, Menon V, Shah M, Ferreira J, Pieper KS, Criger D, Poggio R,
Ohman EM, Gore J, Califf RM, Granger CB. Pulmonary artery catheterization in acute coronary
syndromes: insights from the GUSTO IIb and GUSTO 111 trials. Am J Med 2005; 118: 482-488
[PMID: 15866250 DOI: 10.1016/j.amjmed.2004.12.018]

Gore JM, Goldberg RJ, Alpert JS, Dalen JE. The increased use of diagnostic procedures in patients
with acute myocardial infarction. A community-wide perspective. Arch Intern Med 1987; 147: 1729-
1732 [PMID: 3116960]

Cooper HA, Najafi AH, Ghafourian K, Paixao AR, Aljaabari M, Iantorno M, Cafos D, Asch FM,
Panza JA. Diagnosis of cardiogenic shock without the use of a pulmonary artery catheter. Eur Heart J
Acute Cardiovasc Care 2015; 4: 88-95 [PMID: 24833639 DOI: 10.1177/2048872614534564]

WJC | https://www.wjgnet.com 732 December 26,2021 | Volume13 | Issue12 |


http://www.ncbi.nlm.nih.gov/pubmed/26212656
https://dx.doi.org/10.1016/j.healun.2015.06.009
http://www.ncbi.nlm.nih.gov/pubmed/31555434
https://dx.doi.org/10.1177/2045894019877161
http://www.ncbi.nlm.nih.gov/pubmed/29803984
https://dx.doi.org/10.1016/j.ahj.2018.03.024
http://www.ncbi.nlm.nih.gov/pubmed/30595316
https://dx.doi.org/10.1016/j.ihj.2018.08.021
http://www.ncbi.nlm.nih.gov/pubmed/15866250
https://dx.doi.org/10.1016/j.amjmed.2004.12.018
http://www.ncbi.nlm.nih.gov/pubmed/3116960
http://www.ncbi.nlm.nih.gov/pubmed/24833639
https://dx.doi.org/10.1177/2048872614534564

4

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4330/ wjc.v13.i12.733

World Journal of
Cardiology

World | Cardiol 2021 December 26; 13(12): 733-744

ISSN 1949-8462 (online)

Retrospective Study

ORIGINAL ARTICLE

Prognostic value of left atrial size in hypertensive African Americans
undergoing stress echocardiography

Abhishek Khemka, David A Sutter, Mazin N Habhab, Athanasios Thomaides, Kyle Hornsby, Harvey
Feigenbaum, Stephen G Sawada

ORCID number: Abhishek Khemka
0000-0002-2976-7104; David A Sutter
0000-0002-4700-8208; Mazin N
Habhab 0000-0002-3179-622X;
Athanasios Thomaides 0000-0001-
9919-6418; Kyle Hornsby 0000-0001-
8157-2585; Harvey Feigenbaum 0000-
0001-8395-6822; Stephen G Sawada
0000-0002-6368-6981.

Author contributions: Khemka A,
Sutter DA, Thomaides A and
Hornsby K contributed to data
collection; Khemka A, Sutter DA,
Habhab M and Sawada SG
contributed to data analysis;
Khemka A, Habhab M and Sawada
SG contributed to writing final
manuscript; Sutter DA, Thomaides
A, Hornsby K and Feigenbaum H
contributed to manuscript review;
Feigenbaum H contributed to
study conception, design,
supervision; Sawada SG
contributed to study conception,
design.

Institutional review board
statement: In accordance with 45
CFR 46.101(b) and/or IU HRPP
Policy, the above-referenced
protocol is granted exemption.
Exemption of this submission is
based on your agreement to abide
by the policies and procedures of
the Indiana University Human
Research Protection Program

Jaishideng®

WJC | https://www.wjgnet.com

Abhishek Khemka, Harvey Feigenbaum, Stephen G Sawada, Department of Medicine, Division
of Cardiology, Indiana University School of Medicine, Krannert Institute of Cardiology,
Indianapolis, IN 46202, United States

David A Sutter, Department of Cardiology, Michigan Heart, Ann Arbor, MI 48197, United
States

Mazin N Habhab, Department of Medicine, Indiana University School of Medicine, Indianapolis,
IN 46202, United States

Athanasios Thomaides, Department of Cardiology, MedStar Health, Washington, DC 20007,
United States

Kyle Hornsby, Department of Cardiology, Indiana University Health, Bloomington, IN 47403,
United States

Corresponding author: Abhishek Khemka, MD, Assistant Professor, Department of Medicine,
Division of Cardiology, Indiana University School of Medicine, Krannert Institute of
Cardiology, 1800 N Capitol Avenue Suite E371, Indianapolis, IN 46202, United States.
akhemka@iu.edu

Abstract

BACKGROUND

Left atrial (LA) enlargement is a marker of increased risk in the general
population undergoing stress echocardiography. African American (AA) patients
with hypertension are known to have less atrial remodeling than whites with
hypertension. The prognostic impact of LA enlargement in AA with hypertension
undergoing stress echocardiography is uncertain.

AIM
To investigate the prognostic value of LA size in hypertensive AA patients
undergoing stress echocardiography.

METHODS

This retrospective outcomes study enrolled 583 consecutive hypertensive AA
patients who underwent stress echocardiography over a 2.5-year period. Clinical
characteristics including cardiovascular risk factors, stress and echocardiographic
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data were collected from the electronic health record of a large community
hospital. Treadmill exercise and Dobutamine protocols were conducted based on
standard practices. Patients were followed for all-cause mortality. The optimal
cutoff value of antero-posterior LA diameter for mortality was assessed by
receiver operating characteristic analysis. Cox regression was used to determine
variables associated with outcome.

RESULTS

The mean age was 57 £ 12 years. LA dilatation was present in 9% (54) of patients
(LA anteroposterior > 2.4 cm/m?). There were 85 deaths (15%) during 4.5 + 1.7
years of follow-up. LA diameter indexed for body surface area had an area under
the curve of 0.72 £ 0.03 (optimal cut-point of 2.05 cm/m?. Variables
independently associated with mortality included age [P = 0.004, hazard ratio
(HR) 1.34 (1.10-1.64)], tobacco use [P = 0.001, HR 2.59 (1.51-4.44)], left ventricular
hypertrophy [P = 0.001 , HR 2.14 (1.35-3.39)], Dobutamine stress [P = 0.003, HR
2.12 (1.29-3.47)], heart failure history [P = 0.031, HR 1.76 (1.05-2.94)], LA diameter
> 2.05 cm/m?[P = 0.027, HR 1.73 (1.06-2.82)], and an abnormal stress echocar-
diogram [P = 0.033, HR 1.67 (1.04-2.68)]. LA diameter as a continuous variable
was also independently associated with mortality but LA size > 2.40 cm/m?was
not.

CONCLUSION

LA enlargement is infrequent in hypertensive AA patients when traditional
reference values are used. LA enlargement is independently associated with
mortality when a lower than “normal” threshold (= 2.05 cm/m?) is used.

Key Words: Mortality; Hypertension; African American; Left atrial enlargement; Stress
echocardiography

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In hypertensive African American patients referred for stress testing, left
atrial (LA) enlargement was infrequent when using the established references values
for the general population. Indexed LA Antero-posterior diameter has a superior area
under the curve compared to LA diameter alone for discrimination of survivors and
non-survivors. LA enlargement is an independent predictor of mortality on long-term
follow-up when assessed as a continuous variable or when using a lower reference
value derived from our population.

Citation: Khemka A, Sutter DA, Habhab MN, Thomaides A, Hornsby K, Feigenbaum H,
Sawada SG. Prognostic value of left atrial size in hypertensive African Americans undergoing
stress echocardiography. World J Cardiol 2021; 13(12): 733-744

URL: https://www.wjgnet.com/1949-8462/full/v13/i12/733.htm

DOI: https://dx.doi.org/10.4330/wjc.v13.112.733

INTRODUCTION

Left atrial (LA) enlargement is a known predictor of adverse cardiovascular events
including atrial fibrillation, stroke and heart failure[1-3]. Hypertension can induce left
ventricular (LV) remodeling resulting in increased LV mass and concentric
hypertrophy, both of which are associated with LA enlargement[4,5]. In the general
population of patients undergoing stress echocardiography, LA enlargement [defined
by an anteroposterior (AP) dimension 2 2.4 cm/m?] has been shown to be predictive of
myocardial infarction and death[6,7]. LA enlargement has also been shown to be
predictive of an abnormal stress echocardiogram[8]. African Americans (AA) have a
high burden of cardiovascular disease as well as risk factors including hypertension
and diabetes mellitus. Although morbidity and mortality risk in this population is well
established, pharmacotherapy is less commonly utilized and AA have higher mortality
relative to other ethnicities[9]. The prognostic value of LA enlargement in AA patients
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undergoing stress echocardiography is less clear. Additionally, it is unclear if reference
values for LA enlargement established in white populations should be applied in AA.
In African American patients, LA remodeling appears reduced relative to whites even
when controlling for risk factors such as obesity, age, increased LV mass, and
hypertension[10-12]. The lower incidence of atrial fibrillation in AA may be attributed
to their smaller LA size and may be related more to inter-racial differences in antero-
posterior diameter rather than volume[10,13,14]. Despite less LA remodeling, AA are
at increased for cardiovascular events and mortality compared to white patients[15].
However, LA size may also have prognostic value in this racial group[7,16]. The
purpose of this study was to assess the prognostic value of LA size in hypertensive AA
patients undergoing stress echocardiography and to determine a threshold value of
LA enlargement associated with mortality.

MATERIALS AND METHODS

The Indiana University Institutional Review Board approved this study. The study
population comprised of 583 consecutive AA patients with a history of hypertension
referred for stress echocardiography at an urban community hospital in Indianapolis
over a 2.5-year period.

Clinical characteristics

Clinical characteristics were extracted from the electronic health record. Patients were
considered to have a smoking history if they were currently using tobacco or were a
former smoker. Hypercholesterolemia was defined as total cholesterol greater than 200
mg/dL or if the patient was receiving lipid-lowering therapy. Obesity was defined as
a body mass index = 30 kg/m?. Patients were considered to have a history of coronary
artery disease if they previously suffered a myocardial infarction, underwent a
revascularization procedure, or had at least 50% diameter stenosis in one or more
major epicardial coronary arteries by angiography. A history of heart failure was
noted if there was a previous hospitalization for heart failure or a clinical diagnosis
made in an outpatient setting with ongoing medical treatment for heart failure.

Two-dimensional echocardiographic measurements and stress echocardiography
LA diameter was measured as the maximum end-systolic anterior-posterior diameter
in the parasternal long- or short-axis views. LA enlargement was defined as a
dimension > 2.4 cm/m*when indexed to body surface area (BSA) based on studies in
the general population[7,17]. LA volume index was not routinely assessed because
only a minority of subjects had apical views visualizing the entire LA. In a small subset
of patients with apical views that included the entire left atrium, LA volume index was
also measured using the biplane Simpson’s method. LV diameters and wall thickness
were obtained in the parasternal long- or short-axis views at the level of the mitral
leaflet tips. LV mass was calculated using linear measurements with the following
formula:

LV mass = 0.8 x {1.04 [(LVIDd + PWTd + SWTd)® - (LVIDd)?]} + 0.6 g where:

LVIDd = maximum internal diameter at end-diastole.

PWTd = end-diastole posterior wall thickness.

SWTd = end-diastole septal wall thickness.

Left ventricular hypertrophy (LVH) was defined as an LV mass indexed to BSA
greater than or equal to 96 g/m? for women and 116 g/m? for men[18,19]. Relative wall
thickness (RWT) was calculated by the formula (2 x PWTd/LVIDd). LVH was further
differentiated into concentric and eccentric hypertrophy if RWT was > 0.42 or < 0.42,
respectively. Concentric remodeling was defined as a normal LV mass with RWT >
0.42. Ejection fraction was calculated with either the area length method or with the
modified Simpson’s method for patients with regional wall motion abnormalities.

Treadmill exercise was performed with protocols chosen based on the patient’s age
and expected exercise ability. Standard end-points were used[20]. The Dobutamine
protocol was conducted with a step-wise infusion using previously described methods
and endpoints[21]. Images were obtained in the apical four- and two-chamber views
and parasternal long- and short-axis views at rest, low-dose (5-10 pg/kg/min), peak
dose and recovery in patients undergoing Dobutamine stress. Baseline and immediate
post-stress images were obtained in patients undergoing exercise. Experienced
echocardiographers blinded to the clinical data and follow-up interpreted the stress
echocardiograms. An abnormal stress echocardiogram was defined by the presence of
resting or stress-induced wall motion abnormalities in one or more of 16 myocardial
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segments[22].

Follow-up

Follow-up data was obtained retrospectively by review of the electronic health records
and the Social Security Death Index database[23]. The end-point for the study was all-
cause mortality.

Statistical analysis
Continuous variables were reported as mean * SD. Patient groups were compared
using the Student t-test for continuous variables and Chi-square test for categorical
variables. A two sided P-value < 0.05 was considered significant. Receiver-operating
characteristic (ROC) curve analysis was used to determine the best cut-point of LA
diameter for predicting mortality. The area under the curve (AUC) was calculated for
both LA diameter and LA diameter indexed to BSA. The difference between the two
AUC values was compared using the correlated area test statistic. Kaplan-Meier
analysis of survival was performed using the best cut-point from ROC analysis. Cox
proportional hazards model was used to assess predictors of mortality. Variables with
P value < 0.05 were included in a multivariate analysis employing a forward
conditional method. LA diameter was tested on multivariate analysis both as a
continuous variable and as a categorical variable using the cut-point of 2.4 cm/m?
previously established in the general population and the best cut-point determined
from ROC analysis in our study population. The relationship between LA diameter
index and LA volume index was assessed by linear regression.

Statistical analysis was performed using SPSS version 18 (SPS, Chicago, IL, United
States) and the software package ROCKIT[24].

RESULTS

Patient characteristics

Table 1 shows the clinical and stress echocardiographic characteristics of the patient
population. Of the 583 patients, 32% were male and the mean age was 57 + 12 years. A
history of heart failure or coronary atherosclerosis was present in 11% and 19%,
respectively. Ninety percent of the patients were on anti-hypertensive therapy and the
mean resting systolic blood pressure was 140 + 17 mmHg. An abnormal stress echocar-
diogram was noted in 17% of patients. Eleven percent had an ejection fraction less than
50%. LVH was present in 25% and concentric remodeling was present in 52%. Only 9%
of the study population had an elevated LA diameter index, using the cut-point of 2.4
cm/m?as defined in the general population.

LA size and mortality

During follow-up of 4.5 + 1.7 years (max 6.9 years), 85 patients (15%) died. ROC
analysis showed that LA diameter referenced to body surface area had a larger AUC
compared to LA diameter alone (AUC of 0.72 + 0.03 vs 0.66 + 0.03, P = 0.002) for distin-
guishing survivors and those who died. Figure 1 demonstrates a plot of sensitivity and
specificity of LA diameter for death during follow-up at 0.05 cm/m? intervals. LA size
above the reference value (2.4 cm/m?) had sensitivity and specificity for mortality
during follow-up of 24% and 93%, respectively. The best cut-point for predicting death
during follow-up (maximum of sensitivity and specificity) was 2.05 cm/m?, which
produced a sensitivity and specificity of 61% and 72%, respectively.

LA size and survival

Figure 2 shows a Kaplan-Meier analysis of cumulative survival using the best cut-
point of 2.05 cm/m? Overall, survival was 92% if LA diameter index was < 2.05 cm/m?
and 72% if LA diameter index was > 2.05 cm/m?(P-value < 0.001).

Predictors of mortality

Table 2 shows univariate predictors for all-cause mortality. There were six
independent predictors of mortality by multivariate analysis using the reference cut-
point for LA enlargement (2.4 cm/m? see Table 3). These included age, smoking
history, heart failure, the need for Dobutamine stress, an abnormal stress echocar-
diogram, and LVH (Chi-square 102). LA enlargement was not a predictor. In a second
multivariate analysis using the ROC defined cut-point of 2.05 cm/m? for LA size, LA
enlargement was found to be an additional independent predictor (Chi-square 107). A
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Table 1 Baseline clinical and echocardiographic characteristics

Clinical Echocardiographic

Age (yr) 57+12 Ejection fraction (%) 59+£10
Male 32% Reduced EF 11%
Tobacco 60% LA Diam (cm) 3.7+0.6
Family history of CAD 34% LA Diam index (cm/m?) 1.9+04
Hyperlipidemia 50% Abn LA Diam index 9%
Diabetes mellitus 38% LV mass (g) 172 £59
Obesity 45% LV mass index (g/m?) 89 29
CAD 19% LV hypertrophy 25%
Heart failure 11% Relative wall thickness 0.51
Atrial fibrillation 3% LV remodeling pattern

CKD (GFR < 60) 17% Normal geometry 22%
Systolic BP (mmHg) 140 £17 Concentric remodeling 52%
Hypertensive therapy 90% Concentric hypertrophy 21%
Diuretic 56% Eccentric hypertrophy 4%
Calcium channel blocker 33% Dobutamine study 40%
ACE-I/ARB 55% Abnormal stress echo 17%

Beta-blocker

46%

Data are presented as the mean value + standard deviation or percent baseline prevalence. CAD: Coronary artery disease; CKD: Chronic kidney disease;

GFR: Glomerular filtration rate; BP: Blood pressure; ACE-I: Angiotensin converting enzyme inhibitor; ARB: Angiotensin II receptor blocker; EF: Ejection

fraction; LA: Left atrial; LV: Left ventricular.
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third multivariate analysis considering LA diameter index as a continuous variable
rather than a categorical variable also found LA diameter index to be independently
predictive in addition to the other six predictors (Chi-square 109).

Comparison of LA anteroposterior diameter and la volume index

In the 57 patients (10%) in whom LA volume index could be assessed, the R-value for
the correlation of LA diameter index and LA volume index was 0.76. Fourteen subjects
(25%) were identified as having LA enlargement by volume index based on a cut-point
of 34 mL/m? established in the general population[6].

DISCUSSION

Our study had three main findings. LA enlargement in the AP dimension was
infrequent in AA with hypertension using reference values established in the general
population. LA diameter indexed for BSA had a superior AUC to LA diameter alone.
LA size was an independent predictor of mortality on long-term follow-up when
assessed as a continuous variable or using the cut-point of 2.05 cm/m? for enlargement
derived from our population but not when using the cut-point of 2.4 cm/m? derived
from the general population.

LA remodeling in AA

In this study, only 9% of hypertensive AA were found to have LA enlargement. This is
a lower than expected frequency of LA enlargement when compared to the general
population. Among a broad sample of the Framingham study used to validate
reference values of LA diameter, 22% of men and 29% of women had LA diameters
that exceeded reference limits[2]. Compared to the Framingham study cohort, our
population had a higher prevalence of hypertension (100% vs 33%), heart failure (11%
vs 1%), and older age (mean age 57.4 years vs 50.8 years), which are all variables
associated with LA enlargement[3,25,26]. Multiple studies have shown a higher
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Table 2 Univariate predictors of all-cause mortality

Characteristic Event No event Hazard ratio (95%Cl) Pvalue
Clinical

Age 62.9 56.5 1.04 (1.02-1.06) <0.001
Male sex 40% 32% 1.43 (0.92-2.20] 0.109
Tobacco 79% 57% 2.55 (1.51-4.29) <0.001
Fam. History of CAD 28% 35% 0.73 (0.45-1.28) 0.194
Hyperlipidemia 48% 51% 0.91 (0.59-1.40) 0.662
Diabetes mellitus 52% 36% 1.77 (1.16-2.71) 0.008
Obesity 32% 47% 0.56 (0.35-0.88) 0.010
CAD 33% 17% 2.15 (1.37-3.38) 0.001
Heart failure 27% 9% 3.44 (2.13-5.56) <0.001
Atrial fibrillation 7% 2% 2.70 (1.18-6.19) 0.019
CKD (GER < 60) 29% 15% 2.37 (1.48-3.78) <0.001
Systolic BP (mmHg) 141.5 140.0 1.01 (0.999-1.02) 0.438
Echocardiographic

Reduced EF 25% 9% 2.89 (1.76-4.72) <0.001
Abn. LA index (2.40 cut-point) 24% 7% 3.16 (1.91-5.22) <0.001
Abn. LA index (2.05 cut-point) 61% 28% 3.35 (2.17-5.18) <0.001
LV hypertrophy 52% 21% 3.62 (2.36-5.54) <0.001
Relative wall thickness 0.51 0.51 0.94 (0.19-4.57) 0.941
LV diastolic diameter 4.54 4.34 1.57 (1.15-2.13) 0.005
LV systolic diameter 3.24 2.98 1.54 (1.20-1.99) 0.001
Fractional shortening 0.30 0.32 0.05 (0.00-0.57) 0.017
IV septum thickness 1.20 1.11 2.51 (1.19-5.33) 0.016
LV post. wall thickness 1.13 1.07 2.48 (1.04-5.92) 0.040
Dobutamine study 68% 35% 3.55 (2.25-5.60) <0.001
Abnormal stress 35% 14% 2.76 (1.77-4.31) <0.001

CAD: Coronary artery disease; CKD: Chronic kidney disease; GFR: Glomerular filtration rate; BP: Blood pressure; EF: Ejection fraction; Abn. LA index:

Abnormal left atrial diameter indexed to body surface area (cm/ mz); LV: Left ventricular; IV: Intraventricular; Post.: Posterior; See text for further

explanation of variables.
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prevalence of LA enlargement in white patients with hypertension (weighted average
37.3%)[27-30].

AA have a higher burden of hypertension and cardiovascular mortality with lower
rates of pharmacologic interventions[9]. However, when traditional reference values
for LA size are used, AA patient mortality risk may be underappreciated. Several
studies have shown reduced LA remodeling in AA patients. In a cohort of men with
hypertension (58% AA), investigators found that as age increased white patients had a
greater mean LA diameter than AA patients[12]. Similarly, in a cohort of 3882 elderly
subjects, AA men had significantly smaller mean LA diameter (1.9 mm LA dimension)
[11]. Additionally, in a study evaluating the effect of race on the prevalence of atrial
fibrillation, AA subjects were demonstrated to have significantly smaller LA diameters
(2 mm smaller AP LA dimension)[10].

A more recent evaluation of 129 AA compared with 326 whites showed that in the
presence of hypertension, the former had significantly smaller LA size despite similar
ventricular relative wall-thickness, diastolic function, and 6-min walk test[31]. Why LA
remodeling might be reduced in AA remains unclear although there is speculation that
genetic and environmental factors influence the structure of the hearts of AA patients
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Table 3 Multivariate predictors of all-cause mortality

Reference cut-point for Abn. LA Diam Best cut-point for Abn. LA Diam
Chi-square 102 Chi-square 107
Predictor Wald HR (95%Cl) P value Wald HR (95%Cl) P value
Age (per 10 yr) 114 1.40 (1.15-1.71) 0.001 8.2 1.34 (1.10-1.64) 0.004
Tobacco 11.9 2,61 (1.51-4.49) 0.001 11.9 259 (1.51-4.44) 0.001
Heart failure 6.4 1.92 (1.16-3.20) 0.012 4.7 1.76 (1.05-2.94) 0.031
LVH 17.6 2.54 (1.64-3.93) <0.001 105 2.14 (1.35-3.39) 0.001
Abnormal stress 59 1.79 (1.12-2.86) 0.015 46 1.67 (1.04-2.68) 0.033
Dobutamine study 85 2.09 (1.27-3.43) 0.004 8.9 2.12 (1.29-3.47) 0.003
LA index > 2.40 = = NS ! ! !
LA index > 2.05 ! : : 49 1.73 (1.06-2.82) 0.027

Variable not included in calculation.
Column (Reference cut-point for Abn. LA Diam) demonstrated a multivariate analysis using the reference cut-point of 2.40 cm/m? for defining an
abnormal left atrium and column (Best cut-point for Abn. LA Diam) demonstrates a multivariate analysis using the best cut-point of 2.05 cm/m?% ABN:

Abnormal; DIAM: Diameter, LVH: Left ventricular hypertrophy; LA index: Left atrium diameter index (cm/m?).

140 A :
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Left atrial diameter index

Sensitivity 99 98 79 55 24 6 0
Specificity 2 14 40 76 93 98 99
Sum 101 112 119 131 117 104 99

Figure 1 Comparison of sensitivity and specificity of left atrial diameter index cut-points. Sensitivity, specificity, and the summation of sensitivity
and specificity are plotted for left atrial diameter index at 0.05 cm/m? intervals. Sensitivity is shown in blue, specificity is shown in red, and the summation of the two is
shown in green. The reference upper and lower limits of normal (2.4 cm/m? and 1.5 cm/m?, respectively) are indicated with dashed lines. The optimal cut-point that
maximizes sensitivity and specificity was 2.05 cm/m? and is indicated with an asterisk () on the graph.

compared to hearts of white patients. Badertscher et al[31] found that AA have lower
levels of collagen 1 telopeptide and higher levels of collagen 1 propeptide suggesting
that different collagen homeostasis may contribute to atrial remodeling. While AA
have a similar average LV mass index as whites, they have significantly smaller LV
cavities and thicker LV walls, with a high percentage demonstrating the “concentric
remodeling” pattern of cardiac structure[33-35]. This pattern was seen in a majority of
our population with 52% displaying concentric remodeling. Similar genetic and
environmental factors that produce differences in LV remodeling may also contribute
to race related differences in LA remodeling. Gottdiener et al[12] proposed the
possibility that in parallel with an increased LV wall thickness, there might also be a
similar increase in LA wall thickness, which might reduce wall compliance and the
resultant cavity size of the LA.

An additional possibility is that reduction of anterior-posterior LA dimension in AA
is due to differences in chest and mediastinal structures rather than a consequence of
true differences in LA remodeling. The LA is a relatively low-pressure chamber and its
size and configuration is influenced by its surrounding structures. Manolio et al[11]
reported that racial differences in LA dimensions were partially mitigated when
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Figure 2 Kaplan Meier curve. Cumulative survival estimates are compared between patients with left atrial (LA) diameter index values above (blue line, LA index
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accounting for chest dimensions and spirometric lung volumes. Given the close
proximity of the ascending aorta to the LA, enlargement of the aortic root might limit
the ability of the LA to expand in the antero-posterior direction. AA patients are
known to have a higher than expected prevalence of aortic regurgitation, which was
independently predicted by aortic root size[35]. In the small cohort of patients in our
study who had LA volume measurements, the proportion (25%) that had enlargement
remained lower than expected.

Prediction of mortality by LA dimension

From ROC analysis, the optimal cut-point for an abnormal LA diameter that predicts
mortality in AA was well within the normal reference range. In contrast, the
guidelines-defined cut-point had very low sensitivity for predicting mortality in our
study population. While LA dilation is infrequent in AA, LA diameter does hold
prognostic significance in this population when a lower threshold for abnormal is
used.

LA diameter indexed to BSA improved prediction of mortality over LA diameter
alone. Indexing of echocardiographic measurements to BSA is currently recommended
by the American Society of Echocardiography but it has been argued that correcting
for body size inappropriately “forgives” for obesity[36]. Our population included a
large proportion of AA females, a population known to have a high prevalence of
obesity[37]. Forty-five percent of our population was obese. Therefore, use of indexed
LA diameters raises the potential of overcorrection for obesity in our study. However,
we found that indexed LA diameter had superior prognostic value over LA diameter
alone suggesting that the correction is appropriate in our population. To our
knowledge, this is the first study to demonstrate superiority of indexed LA diameter
over LA diameter alone.

Comparative long term prognostic value of la dimension

Our data found LA diameter index to be an independent predictor of all-cause
mortality in addition to heart failure, age, smoking history, LVH, an abnormal stress
echocardiogram, and the requirement for Dobutamine stress. Our study demonstrated
that LA diameter predicted long-term outcome as survival curves continued to
separate at 6 years of follow-up. Similar to our finding, data from the Framingham
study found LA diameter to be predictive of death during 8 years of follow-up[2].
Within an AA cohort of the Atherosclerosis Risk in Communities study, those with the
highest quintile of LA diameter had a higher risk of mortality during a median follow-
up of 9.8 years[38]. Several investigations have suggested that LA enlargement serves
as a marker of chronic diastolic dysfunction over time and thus accounts for the
accumulated risk of elevated cardiac filling pressures for cardiovascular events[39].
Our results suggest different reference values are needed for AA patients to accurately
evaluate their cardiovascular risk. This may also improve treatment in hypertensive
AA patients which may translate to decreased mortality.
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Limitations of this study

The primary limitation of this study is our use of LA diameter as opposed to LA
volume index. LA volume is currently recommended by the American Society of
Echocardiography as the most accurate measure of true LA size[6]. Unfortunately,
majority of the patients in our study had truncated apical images utilized for stress
echocardiography so we were unable to derive information on LA volume except in a
minority of patients. In the small subset of patients there was a reasonable correlation
between LA diameter and volume index. While LA volume is clearly a more accurate
measure of true LA size, LA volume may be only marginally superior at identifying
cardiovascular disease[26,40]. For patients undergoing stress echocardiography, LA
diameter index has shown to offer adequate prognostic value and is probably
acceptable for those with difficult visualization of the complete LA[7].

An additional limitation of our study was the large percentage of female subjects.
Sixty-eight percent of our population was female. How this might affect the applic-
ability of our data for predicting mortality in AA men is unknown, but previous data
have suggested that indexing for body size nearly completely accounts for gender
differences in LA dimensions[41].

CONCLUSION

LA enlargement is infrequent in AA with hypertension referred for stress testing when
using the established references values for the general population. Indexed LA AP
diameter has a superior AUC to LA diameter alone for discrimination of survivors and
non-survivors. LA enlargement is an independent predictor of mortality on long-term
follow-up when assessed as a continuous variable or when using a cut-point derived
from our population.

ARTICLE HIGHLIGHTS

Research background

African Americans (AA) have higher cardiovascular (CV) risk factors including
hypertension and mortality compared to other races. Left atrial (LA) size has shown
prognostic value in white patients.

Research motivation
Prior research has suggested AA have smaller LA volumes and standard references
values may not apply.

Research objectives
We investigated the prognostic value of LA size in hypertensive AA patients
undergoing stress echocardiography.

Research methods

In this retrospective cohort study, we evaluated 583 consecutive AA patients with a
history of hypertension referred for stress testing and evaluated LA diameter in the
Antero-posterior window.

Research results

LA dilatation was present in 9% (54) of patients [LA anteroposterior (AP) > 2.4 cm/m?
]. There were 85 deaths (15%) during 4.5 + 1.7 years of follow-up. LA diameter indexed
for body surface area had an AUC of 0.72 + 0.03 (optimal cut-point of 2.05 cm/m?).
Variables independently associated with mortality included age (P = 0.004), tobacco
use (P = 0.001), left ventricular hypertrophy (P = 0.001), need for pharmacologic
dobutamine stress (P = 0.003), heart failure history (P = 0.031), LA diameter > 2.05
cm/m? (P = 0.027), and an abnormal stress echocardiogram (P = 0.033). LA diameter as
a continuous variable was also independently associated with mortality but LA size >
2.40 cm/m?was not.

Research conclusions
LA enlargement is infrequent in AA with hypertension referred for stress testing when
using the established references values for the general population. Indexed LA AP
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diameter has a superior prognostic value to LA diameter alone for discrimination of
survivors and non-survivors. LA enlargement is an independent predictor of mortality
on long-term follow-up when assessed as a continuous variable or when using a cut-
point derived from our population.

Research perspectives

References values for LA size in AA patients may need to be adjusted to more
accurately reflect CV risk and which may translate to more aggressive pharmacologic
management.
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Abstract

BACKGROUND

Evaluation of suspected stable angina patients with probable coronary artery
disease (CAD) in the community is challenging. In the United Kingdom, patients
with suspected stable angina are referred by community physicians to be assessed
by specialists within the hospital system in rapid access chest pain clinics
(RACPC). The role of a highly sensitive troponin I (uscTnl) assay in the diagnosis
of suspected CAD in a RACPC in a “real-life” setting in a non-academic hospital
has not been explored.

AIM

To examine the diagnostic value of uscTnl (detection limit 0.12 ng/L, upper
reference range 8.15 ng/L, and detected uscTnl in 96.8% of the reference
population), in the evaluation of stable CAD in a non-selected patient group, with
several co-morbidities, who presented to the RACPC.

METHODS
One hundred and seventy two RACPC patients were assigned to either functional
or anatomical testing according to the hospital protocol.

RESULTS

The investigations offered to patients were exercise tolerance test 7.6%, 24 h ECG
1.2%, Echocardiogram 14.5%, stress echocardiogram 8.1%, coronary computed
tomography angiography (CCTA) 12.8%, coronary angiogram 13.4%, 17.4% were
diagnosed with non-cardiac chest pain, 3.5% treated as stable angina, 8.2%
reviewed by cardiologists, electronic medical records were not available in 10.4%.
Receiver operating characteristic curves for CAD used uscTnl values measured in
patients who underwent functional testing, angiogram or CCTA. Values > 0.52
ng/L showed 100% sensitivity and at > 11.6 ng/L showed 100% specificity. In the
range > 0.52-11.6 ng/L, uscTnl may not have the same diagnostic potential. In
patients assigned to coronary angiogram higher concentrations of uscTnl was
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associated with severe CAD. Low levels of uscTnl and low pre-test probability of
CAD (QRISK3) may decrease patient numbers assigned to CCTA.

CONCLUSION

The uscTnl diagnostic cut-off values in a RACPC will depend on patient
population and their presenting co-morbidity. In the presence of clinical
comorbidities and previous CAD the uscTnl needs to be used in conjunction with
clinical assessment.

Key Words: Rapid access chest pain clinic; Suspected stable angina; Troponin I; Coronary
artery disease; Coronary angiogram; Coronary computed tomography angiography
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Core Tip: In the United Kingdom, patients with suspected stable angina are referred to
rapid access chest pain clinic (RACPC) by community physicians for assessment by
hospital specialist medical practitioners. We evaluated the value of a new highly
sensitive cardiac troponin I assay in the management of patients with suspected
coronary artery disease (CAD) in a RACPC. Patients admitted for further assessment
and preselected for either coronary computed tomography angiography or coronary
angiogram the assay may indicate the severity of CAD. The diagnostic cut-off values
of the assay is determined by the patient population and existing co-morbidities.
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INTRODUCTION

Chest pain is a common presenting symptom in primary care, of which there are many
possible causes. The most important of these in terms of subsequent morbidity and
mortality are the acute chest pain coronary syndromes (acute coronary syndrome,
ACS) comprising unstable angina and acute myocardial infarction (AMI). Current
medical practice in the United Kingdom is to transfer patients with ACS urgently to
hospital emergency care. In contrast, the differential diagnosis of chronic chest pain is
wide and includes cardiac pain as exertional chest pain or stable angina. The diagnosis
of coronary heart disease (CHD) may be missed in these patients[1].

New models of assessment have been introduced. In the United States, chest pain
observation units provide short stay inpatient care where chest pain is monitored and
investigated prior to either formal admission or discharge[l]. In England, the
government’s National Service Framework guideline recommended outpatient rapid
access chest pain clinic (RACPC) in which people who develop new symptoms that
their community physician thinks might be due to stable angina can be assessed by a
specialist within 2 weeks of referral[2]. Unlike patients with ACS, who are investigated
in emergency care units, evaluation of patients with stable symptoms and suspected
CHD (stable angina) in a RACPC may be a challenge. The ability to recognise the high-
risk patient with stable angina and an increased risk of progression to AMI may be
difficult on clinical grounds alone and may require further functional testing.

There can be considerable variation in which possible stable angina is assessed in
RACPC. The American College of Cardiology (ACC)/American Heart Association
(AHA)[3,4] and European Society of Cardiology (ESC) recommend clinical risk scores
[5] which incorporate age, sex and chest pain presentation to calculate pre-test
probability. Pre-test probability is determined by the Diamond-Forrester Coronary
Artery Surgery Study[3,4] and the updated version the Coronary Artery Disease
consortium (CADC) clinical risk scores. NICE guidelines, United Kingdom[6] suggest
a symptom based clinical assessment followed by coronary computed tomography
angiography (CCTA) for those in the possible angina group. CCTA identifies
obstructive and nonobstructive coronary artery disease (CAD) and allows the quanti-
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fication of coronary artery calcium[7]. Guidelines recommend a stepwise approach for
decision making in suspected stable CAD. A clinical assessment of the probability of
stable CAD is followed by non-invasive testing, based usually on the availability of
non-invasive tests. Characteristics of tests, sensitivity and specificity, used to diagnose
CAD are given in the ESC guidelines[5]. Some of the functional tests available are:
Exercise electrocardiogram (ECG), exercise stress echocardiography, dobutamine
stress echocardiography and coronary CCTA. A variety of factors affect test choice
which include local availability of specific tests, local expertise in test performance and
interpretation, or the presence of diagnostic or prognostic questions addressed better
by one form of test. Local availability and tariff may make clinicians choose one
particular test. Current literature either suggest that CCTA and functional tests can
serve equally well as first-line tests for patients with suspected CAD[8,9] or that CCTA
may have a benefit over more standard testing[10].

An elevated cardiac troponin (cTn) has long been a pre-requisite for the diagnosis of
AMI and has become a diagnostic gold standard for AMI[11]. The value of cTnl in
stable angina patients, in contrast to those with ACS and myocardial infarction, is not
well understood. The high sensitive troponin assays were able to measure troponin in
approximately 50% of normal, healthy individuals. In the most very highly sensitive
troponin assays (uscTnl) the cTnl is measurable in almost all healthy individuals[12].
Studies have investigated the use of uscTnl in the early diagnosis of CAD in selected
groups of patients without known clinically relevant heart disease. In stable
symptomatic patients undergoing coronary computed tomography angiography
(CCTA) elevated concentrations of uscTnl was associated with CAD([7,13]. The studies
suggest that though uscTnl was not sufficient to use the test as a single standalone test,
the test may improve the selection of patients for further investigation and treatment
[14,15]. The clinical utility of uscTnl is not fully defined in a RACPC either in (1) differ-
entiating non acute chest pain of uncertain origin; or (2) detecting patients with
functionally relevant CAD at risk of progression to AMI. Further, the role of uscTnl in
the management of patient with established CHD presenting to a RACPC is yet to be
evaluated.

In the United Kingdom, QRISK3 calculations are used in the assessment of 10 year
risk of cardiac events. In Worcester, RACPC are staffed by specialist cardiac nurses, in
a service led by a specialist cardiologist. Currently they use QRISK3 as part of their
initial clinical evaluation of patients, prior to stratifying patients into non-invasive
techniques or to identify patients requiring further invasive testing or immediate
angiography. In this report we describe the use of uscTnl in the investigation of
patients, presenting to the RACPC with probable stable angina. Cardiac troponin
assays are not currently used in the investigation of patients with suspected stable
CAD in the RACPC. The current study, to our knowledge for the first time, describes
the use of uscTnl in the investigation of stable CAD in a RACPC in a non-teaching
“district general” hospital in the United Kingdom. Unlike previous studies, this study
has been carried out in a non-selected group of patients, and included those with
previously known cardiac disease, who presented with suspected stable angina to the
RACPC.

MATERIALS AND METHODS

Study population

We investigated 172 patients referred to the RACPC at the Worcester Royal Hospital
between the period September 2018 and March 2019. Blood samples were taken at the
community physician surgery prior to review by RACPC, which was within 2 wk of
referral by the community physician. The patients were outpatients whose physicians
believed that non urgent cardiovascular testing was necessary for suspected CAD.
Patients with stable chest pain or chest pain equivalent and those with previous
history of CAD who presented with chest pain were included in the study. Seven
patients with previous cardiac pathology were referred to RACPC by their physicians.
A sixty two year old male with a prior history of CAD and cardiac stent placement
who presented with increasing chest pain was assigned to coronary angiography.
Three patients with previous coronary artery bypass graft or stent insertion were
classified as non-cardiac chest pain or were already under the care of cardiologists.
The mean age of all patients was 62.1 years (range 23-88 years) of which 51.1% were
women. The proportion of patients (given as percentage of the study patients) with
cardiovascular risk factors were, with hypertension (51%), current or ex-tobacco users
(44%), dyslipidemia (48%), diabetes (27%), family history of CAD (68%); increased
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BMI was recorded in 29% of the patients. Calculated QRISK3 ranged from 1-88%,
mean 16%. Patient electronic medical notes both inpatient and outpatient notes were
reviewed and followed for major adverse cardiac events for a period of six months
following the end of the study. Receiver operating characteristic curves (ROC),
statistical analysis were performed using GraphPad Prism (United Kingdom) and
graphs were constructed using the same software.

In addition, the patients had routine tests (renal function, liver enzymes, serum
calcium, HbA1c) to which uscTnl was added as part of the performance assessment of
pathway that included uscTnl in the clinical evaluation of the patient. The study was
carried out according to the Declaration of Helsinki and the NHS data protection
policy. Patients were excluded if they required urgent evaluation for suspected ACS.

Patient follow up care
Following clinical assessment the patients with suspected stable CAD were assigned to
24 h monitoring ECG, exercise tolerance test (ETT), echocardiogram (echo), exercise or
pharmacological stress echo, CCTA, coronary angiogram and percutaneous coronary
intervention (PCI), medical treatment for angina, or were discharged as clinical
assessment suggested non-cardiac chest pain. More complex patients were designated
for review by specialist cardiologists.

The results of the uscTnl test were not provided to the RACPC staff and subsequent
care of the patient was dependent on his or her clinical assessment of the subject,
which was independent of uscTnl value.

Diagnostic testing
The patient sera were collected within 24 h of phlebotomy, stored and transported
frozen in dry ice (quality controlled by the courier) to Barcelona prior to measurement
of uscTnl. uscTnl was measured by the Singulex Clarity (United States) assay. The
detection limit of the assay was 0.12 ng/L. The assay CV was 10% at 0.53 ng/L.
Imprecision was 3.16% to 12% for the assay. uscTnl was detectable in 96.8% of healthy
individuals. The 99" percentile for healthy individuals was 8.15 ng/L. The assay was
stated as outperforming other high sensitivity ¢Tnl assays in terms of analytical
sensitivity[12,16].

For the exercise tolerance test the Bruce protocol was followed with ECG recording,.
A semi-supine bike was used for exercise stress echocardiogram (increasing the
workload by 25 Watts every 2 min until the 85% or more of target (heart rate) HR is
achieved. Target heart rate was calculated by 220 - age). For dobutamine stress
echocardiogram with ischaemia the protocol used was: 10 pg/kg/min and infused up
to a maximum 40 pg/kg/min in 10/pug/kg/min increments at every 3-5 min
according to HR response (to achieve a minimum. of 85% of the target HR for the test
to be diagnostic). If target HR was not achieved at 40 ng/kg/min, iv atropine was
given. CCTA was done on a 64-slice CT scanner (Toshiba Acquilion Cx or Acquilion
Prime, Toshiba). All scans are reported by specialist cardiologists or radiologists. The
stenosis was graded as mild (< 50%), moderate (50%-70%) or severe (> 70%).

Following coronary angiogram degree of stenoses was graded as normal, mild (<
50% stenosis), moderate (50%-74% stenosis), severe (> 75%-99% stenosis), and critical
(> 99% stenosis). The angiogram was reported by specialist cardiologists.

RESULTS

Patient demographics following clinical assessment by RACPC is shown in Table 1.
The flow chart of patients according clinical assessment is given in Figure 1 and the
uscTnl values according to further testing carried out for functional CAD is
summarised in Table 2. The investigations offered to patients were ETT 7.6%, 24 h
ECG 1.2%, Echo 14.5%, stress echo 8.1%, CCTA 12.8%, coronary angiogram 13.4%,
17.4% were discharged with the diagnosis of non-cardiac chest pain, 3.5% were
diagnosed and treated as stable angina, 4.1% were further referred to specialist
cardiologists, 4.1% were known cardiology patients, electronic medical records were
not available in 10.4%, 2.9% were admitted with ACS during the study. The diagnostic
conundrum presented by individual patients is summarised according to outcome
measures, prior to analysis of the data by ROC curves.

Outcome measures
The patients are divided into follow-up testing subgroups. Clinical details of patients
presenting with uscTnl > upper quartile of the reference range (6 ng/L) are described
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Table 1 Patient characteristics

Non- Previous . .
. . . Lost to . Stress Echo  Stress Echo Echo Echo CCTA CCTA Angiogram  Angiogram
cardiac ETT ECG Angina Review follow-u cardiac (negative) (positive) (negative) (pos) (negative) (positive) (negative) (positive) ACS
chest pain P problems g P g P g P g P
Age (yr) 57 (23-88) 54 66 73 (66- 66 (43- 64 (41-84) 71 (67-87) 63 (49-82) 68 67 (43-84)  72(55- 53(34-63)  62(51-77) 59 (50-65) 58 (46-81) 69
G6- (62 79) 84) 83) (62-
66)  69) 86)
Sex (M/F) 15/15 11/2  0/2  1/5 5/2 4/14 3/4 4/9 1/0 10/9 5/1 4/8 5/5 3/3 12/5 2/3
BMI (>25kg/m? (n) 9 4 1 2 4 8 0 2 1 4 0 4 5 1 6 2
Diabetes (1) 2 4 0 1 2 1 0 2 0 2 2 2 1 0 4 3
Hyperlipidmia (1) 11 8 1 2 4 6 4 6 1 11 5 5 7 2 11 3
Hypertension (1) 10 7 2 4 4 7 3 7 1 13 B 4 8 3 11 2
Family History of CAD 6 5 1 0 3 7 0 3 0 5 2 8 6 3 10 0
()
Smoker (1) 1 5 0 4 5 9 1 6 0 10 4 3 9 1 8 0
Past History 2 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0
MI/stent/ CABG (1)
Aspirin (1) 7 2 0 2 1 6 3 4 0 4 2 4 5 2 6 2
Statin (1) 5 3 0 2 1 3 5 3 1 7 4 1 2 0 10 1
ISMN/ Nitroglycerin (1 9 1 1 5 3 6 4 7 1 7 3 4 5 3 8 2
)
Anti-hypertensive (1) 7 7 1 2 3 2 5 4 1 8 4 2 1 1 14 2
Creatinine (umol/L) (1) 83 (52-122) 79 77 83 (70-  82(51- 75 (47- 71 (36-95) 72 (56-88) 84 78 (52-102) 83 (63- 71(52-88)  72(52-99) 78 (56-98) 81 (46-134) 76
(54  (71-  103) 98) 109) 103) (65-
100)  82) 86)
QRISK3% 2-> 88 12(7- 9(- 22(6-34) 2241  19(2-58) NA 13 (3-36) 32 1to> 40 12t 9.4(1-35) 22 (6-37) 8 (2-16) 8 to > 40
40)  13) 45
n 30 13 2 6 7 18 7 13 1 19 6 12 10 6 17 5

ETT: Exercise tolerance test; CCTA: Coronary computed tomography angiography; ISMN: Isosorbide mononitrate; ACS: Acute coronary syndrome; CABG: Coronary artery bypass graft; MI: Myocardial infarction; ECG: Electrocardiogram.
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in each group.

Patients classified as non-cardiac chest pain: Thirty patients were classified as non-
cardiac chest pain and not investigated further by the RACPC. Seventy one year old
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Table 2 uscTnl values by patient subgroup according further testing following clinical review

S us?'I:nI ng/L uscTnl ng/L uscT!1I ng/L n P
(minimum value) (average value) (maximum value) value

Referred back to the community practitioner (non-cardiac ~ 0.71 29 17 30

chest pain)

Exercise test 0.97 2.6 9.7 13

24 h ECG 19 23 2.6 2

Diagnosed angina, treated with medication 1.8 5.0 9.2 6

Adpvised further review by specialist cardiologist 1.0 12 70 7

Lost to follow up 0.8 2.6 7.5 18

Previously diagnosed with cardiac problems and under the 1.5 7.2 33.2 7

care of a cardiologist

Echo (normal) 0.46 3.0 8.6 19

Echo (mild abnormalities) 2.47 6.44 17.0 6

Stress echo (negative) 0.98 21 3.9 13

Stress echo(positive) 31 31 3.1 1

CCTA (negative) 0.58 2.8 9.3 12 NS

CCTA (positive) 11 2.7 8.7 10

Angiogram(negative) 11 1.8 2 6 <0.05

Angiogram(positive) 0.94 73 49 17

ECG: Electrocardiogram; CCTA: Coronary computed tomography angiography; NS: Not significant.

172 patients reviewed by rapid access chest pain clinic specialist nursing
staff. Classified into further testing depending on clinical presentation

Non cardiac chest Exercise tolerance 24 h ECG Echocardiography| Diagnosed as angina | Further review by Medical records not
pain 7= 30 test n=13 n=2 n=25 n==6 cardiologist 7 = 7 available n = 18
Patients with previous Stress echo CCTA Coronary angiogram Admitted with ACS prior to completion of
cardiac pathology n=7 n=14 n=22 n=23 evaluation by rapid access chest pain clinic 7 =5

Figure 1 Patient flow chart according to further investigation.

female patient with a past history of AMI, coronary artery bypass surgery and uscTnl
=16.6 ng/L, was referred to the heart failure clinic with severe left ventricular systolic
dysfunction. Two patients with uscTnl at the upper quartile of the reference range:
7lyear old female with persistent gastric reflux and uscTnl = 8.2 ng/L, QRISK3 score =
12%, and 89 year man with a history of pulmonary embolism, idiopathic pulmonary
fibrosis and osteoarthritis with a uscTnI=7.7 ng/L, QRISK3 score rated as high, were
categorised as non-cardiac chest pain.

Exercise tolerance test: Thirteen patients had a negative exercise tolerance test. A 55
year old male with constant chest pain and an uscTnl value of 9.7 ng/L and QRISK3
score of 9% assigned to ETT developed a non-limiting chest pain during exercise and
was described as low risk.
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Three patients with ECG changes suggestive of ischemia and a further patient with
a normal exercise tolerance test and typical angina pain underwent cardiac cathet-
erisation and coronary angiogram. These patients are included in the section with the
group assigned to coronary angiography.

24 h ECG monitoring: Twenty four hour ECG monitoring detected ectopic activity
with ventricular and supraventricular ectopics in two patients.

Echocardiography: Twenty five patients were designated for investigation with
echocardiography. One 78 year old female with an uscTnl = 8.6 and QRISK3 = 20%
was diagnosed with atrial fibrillation. A further 78 year old male with uscTnl at the
upper quartile of the reference range, 6.2 ng/L, QRISK3 = 54% and normal systolic and
ventricular function was diagnosed with angina and his medication was changed to a
beta-blocker. He was diagnosed with adenocarcinoma of the prostate 12 years
previously and treated with androgen blockade and radiotherapy. He was referred for
further review by cardiology specialists.

Echocardiography diagnosed mild abnormalities in six patients. Two patients were
diagnosed with recent onset atrial fibrillation (71 year old male with uscTnl = 9.3
ng/L) and pre-existing left bundle branch block (79 year old male with uscTnl = 17.0

ng/L).

Angina: Six patients were diagnosed with and treated as stable angina. Two patients
had measured uscTnl values of 7.9 and 9.2 ng/L.

Review by a specialist in cardiology: Seven patients were further reviewed by a
medical specialist in cardiology. A 63 y old male patient with a prior history of
cardiovascular accident, subarachnoid haemorrhage and alcohol dependence and
uscTnl value of 70 ng/L was treated with beta-blockers and placed under surveillance.

Lost to follow up: Medical notes following RACPC evaluation were not available for
eighteen patients. A 74 year old female with an uscTnl = 7.5 ng/L and QRISK3 of 46%
was diagnosed with stable angina and referred by RACPC staff for review by
specialist cardiologists. Further follow-up of this patient was not recorded in the
medical electronic notes.

Patients with previous cardiac pathology: Seven patients with previous cardiology
pathology were reviewed by cardiologist. A 72 year old male with prior history of
coronary artery bypass graft 9 years previously presented with a uscTnl of 32.2 ng/L.
His medication was changed to include statins and ISMN (Isosorbide mononitrate). A
further 76 year old female with known AF presented with an uscTnl=6.1 ng/L.

Stress echocardiography: Thirteen patients categorised to stress echocardiography,
were classified as normal. A single patient showed mild inducible ischemia.

CCTA: Of the twenty two patients allocated to CCTA 12 were classified as normal,
and 6 with mild CAD and 4 with severe disease. The mean uscTnl concentration in
patients with obstructive CAD was 2.7 (range 1.1-8.7) ng/L and without CAD was 2.8
(range 0.6-9.3) ng/L. There was considerable overlap between the values. Fifty nine
year old female with no relevant previous history and uscTnl = 9.3 ng/L and QRISK3
score 5%, and a 42 year old female with a history of gastroesophageal reflux and
uscTnl = 7.1 ng/L and QRISK3 < 2% had normal CCTA. Sixty one year old male with
uscTnl = 8.7 ng/L and QRISK3 score of 25% demonstrated severe obstructive disease.
A further 62 year old female with a QRISK3 of 17% and uscTnl = 1.2 ng/L
demonstrated severe CAD following CCTA and presented with ACS and Non-ST
segment elevation myocardial infarction (NSTEMI) prior to completion of invest-
igation. A plot of QRISK3 scores and uscTnl (Figure 2) suggested that 3/22 patients
with an uscTnl <1 ng/L and QRISK3 score < 10% showed a normal CCTA.

Coronary angiography: Twenty three patients underwent coronary angiography. Six
patients showed normal coronary arteries. Fifty nine year old male, with definite
angina pain, uscTnl = 2.23 ng/L and QRISK3 = 8%, underwent ETT which showed
ventricular bigeminy. Investigative echo and coronary angiogram were classified as
normal.

Coronary angiography detected severe disease in two patients: 58 year old male
with uscTnl = 3.2 ng/L, QRISK3 13%, 53 year old male with uscTnl = 48.5 ng/L and
QRISK3 10%. ETT detected ischemic changes in both patients. A further patient, 49
year old male with uscTnl = 1.4 ng/L and QRISK 23%, and normal ETT, and referred
for further investigation for ‘typical’ angina pain, developed NSTEMI prior to
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Figure 2 QRISK3 and uscTnl profile in patients assigned to coronary computed tomography angiography. Vertical dotted line represent QRISK3
values of 10%, and the horizontal dotted lines represent uscTnl values of 1, 2 and 3 ng/L. The lower left hand quadrant represents a QRISK value of < 10% and
uscTnl values < 1 ng/L. Three patients classified as negative by computerized tomography coronary angiogram fall within the quadrant.
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completion of investigation. A 60 year old female uscTnl = 2.9 ng/L and QRISK3 score
8% presented with crescendo angina and a troponin change of 26 ng/L, Coronary
angiogram showed severe CAD in both patients. uscTnl increased in patients with the
increasing severity of coronary artery occlusion (Table 3). Higher uscTnl was more
likely to be associated with severe occlusion of CAD. A plot of QRISK3 and uscTnl in
this group showed that patients were not classified within lower quartile (< 1 ng/L
uscTnl and QRISK3 score <10%).

ACS: Two patients presented with ACS and troponin changes prior to assessment by
RACPC. A fifty eight year old male with a baseline uscTnl = 1.9 ng/L presented to the
emergency department with a cardiac troponin change of 42 ng/L. Coronary
angiogram showed mild occlusion. A 63 year old female who was admitted, prior to
RACPC assessment, to the hospital with pyelonephritis showed a cardiac troponin
change of 23.6 ng/L; coronary angiogram showed severe disease. Baseline uscTnl
taken prior to hospital admission was not available in this patient. One 73 year old
male and 86 year old female were classified as recent acute cardiac events, a review
suggested uscTnl levels of 2290 and 221 ng/L, respectively, prior to review by RACPC.
A further 62 year old female with a past history of breast cancer and uscTnl = 3.6 ng/L
died of cardiac arrest prior to review by RACPC staff. Patient follow-up over a period
of 6 mo after RACPC review did not result in further admissions with ACS.

uscTnl and receiver operating characteristic curves

We examined whether uscTnl can predict the presence or exclude the presence of
coronary artery stenosis in patients assigned to ETT, Echo, Stress Echo, CCTA and
coronary angiogram using ROC, Figure 3. The analysis included 63 patients who
tested negative and 34 patients who tested positive. ROC analysis showed an AUC of
0.63 (95%CI: 0.51-0.73). At a value of uscTnl value > 0.52 ng/L, sensitivity was 100%
and specificity 1.6%. At a value of uscTnl > 11.6 ng/L, sensitivity was 10.7% and
specificity 100%. We found a single patient (84 year old male) with an uscTnl = 0.46
ng/L with a normal echo. Ten patients with uscTnl > 11.6 ng/L were detected within
the study. Three with severe CAD disease following coronary angiogram (uscTnl =
13.4ng/L, 18.3 ng/L, 48.5 ng/L), one with moderate disease (uscTnl = 22.3 ng/L), left
bundle branch block (uscTnl = 17.0 ng/L), known ischemic heart disease (uscTnl =
33.2 ng/L), chronic morbidity for monitoring by cardiologist (70.4 ng/L), a further
patient diagnosed with non-cardiac chest pain (uscTnl = 16.6 ng/L), and two with
recent previous ACS events (uscTnl = 221 and 2290 ng/L).

DISCUSSION

Early detection of CAD remains an important task as effective treatments are available
to relieve symptoms and reduce mortality[5]. Suspected stable angina remains a
common presenting complaint. The challenge remains to identify those with CAD and
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Table 3 Patients assigned to coronary angiogram

Group Normal Mild disease Moderate disease Severe disease
Mean uscTnl ng/L 1.8 3.3 7.3 10
Min uscTnl ng/L 11 2.0 1.0 0.94
Max uscTnl ng/L 22 3.9 22 49
n 6 5 5 7
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Figure 3 Receiver operating characteristic curves for uscTnl in patients allocated to functional testing (Exercise tolerance test,
Echocardiogram, Stress echocardiogram), coronary computed tomography angiography and coronary angiogram. Patients were
diagnosed with coronary artery disease based on patient follow-up tests.
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those with intermediate pre-test probability who need further functional testing. The
pre-test probability of stable CHD is determined by the presence of cardiovascular risk
factors, age, sex and the nature of the presenting chest pain[5]. NICE guidelines,
United Kingdom suggest that the diagnosis of stable angina is based on clinical
assessment alone or clinical assessment and diagnostic testing[6]. In the United
Kingdom, RACPC is the first place of referral in the investigation of suspected stable
angina. In Worcester specialist nursing staff triage patients using clinical assessment
which include among others, detailed clinical history, physical examination, QRISK3
as well as typicality of chest pain. In this study we investigated the use of a very highly
sensitive troponin assay, an assay that can detect cITnl in 98% of healthy individuals, in
the diagnosis and management of stable angina in the RACPC. In previous studies,
uscTnl to rule out functionally relevant CAD was investigated in patients without
known previous CAD; in this study we aimed to investigate the application of the
assay in an unselected group of patients who presented to the RACPC.

Previous reports have stated that levels of uscTnl were significantly higher in
patient with exercise induced ischemia, Using a combination of pre-ETT clinical
assessment and uscTnl, the authors suggest a cut-off value of 1.54 ng/L to rule out
15% of patients from further testing, but acknowledge that further refinement is
required because even when used with clinical judgement uscTnl provided only
moderate diagnostic accuracy[17,18]. This value may be influenced by other structural
cardiac abnormalities. In our patient series, the patient co-morbidity included
congestive cardiac failure, history of breast cancer and sarcoidosis. In this study,
investigation on two patients with uscTnl 3.2, and 48.5 ng/, and abnormal ETT which
showed ischemic changes, showed severe CAD. A further patient with a normal ETT,
uscTnl = 1.4 ng/L and classified for a coronary angiogram because of “typical angina
pain” developed NSTEMI prior to further investigation. Coronary angiogram showed
severe CAD. This study suggests overlap in uscTnl values in patients assigned to ETT
and classified as with and without CAD. Strategies used to stratify patients into
different investigation methods, as well as patient selection for RACPC assessment
may influence cut-off levels used for uscTnl.

An additional study, included patients referred for investigation of functionally
relevant CAD by rest/stress myocardial perfusion single-photon emission
tomography/computer tomography. The patients with clinically relevant cardiac
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disease were excluded. An uscTnl value of < 0.5 ng/L ruled out functionally relevant
CAD in 10% of patients[15]. The SCOT-HEART trial investigated patients with
suspected stable angina assigned to CCTA for obstructive CAD. The median concen-
tration of uscTnl assay in patients without CAD was 1.2 ng/L and with CAD was 1.9
ng/L. Addition of uscTnl to the CADC risk model reduced the number of patients
determined to be at intermediate or high risk by the CADC model by 10%[14]. The
authors suggest that the study demonstrates that the use of uscTnl as a biomarker can
improve the diagnosis of stable obstructive CAD. In the current study there was
considerable overlap in uscTnl values between patients with and without obstructive
CAD. However a plot of QRISKS3, a risk evaluation of cardiac events at 10 years and
uscTnl showed that at QRISK3 < 10% and uscTnl <1 ng/L, 14% of patients with
normal CCTA scan were within this quartile. This study confirms previous studies
that the assessment of stable angina in patients referred for CCTA may be improved
by the addition of uscTnl. Cardiac imaging remains a valuable tool for the assessment
of CAD and the early detection of CAD remains an important task, CCTA has recently
come under scrutiny due to increased cost, limitations such as increased radiation or
user dependent interpretation or used inappropriately in patients with very low pre-
test probability of CAD[4,5]. Additional studies are mandatory to elucidate if the rule
out of 14% of patients is applicable to a larger cohort of patients pre-selected for
CCTA.

Increase in uscTnl occurred in patients referred for coronary angiogram and
increased with degree of severity of CAD. Given that previous studies suggest an
association between high sensitive cTnl and the presence of CAD without ACS[19],
this study confirmed an association between uscTnl and severity of CAD in the patient
group referred for coronary angiogram. Further, the use of troponin assays in an
RACPC setting may identify patients with recent ACS events and result in earlier
assessment and treatment of these patients.

The question remains how these findings and uscTnl can be applied in clinical
practice in the RACPC in the United Kingdom. A comparison of ROC curves for
patients who underwent both functional testing, CCTA and coronary angiogram did
not identify a single uscTnl value with a high enough sensitivity and specificity (and
negative and positive predictive value) for stable CAD. In the population referred to
the RACPC for further evaluations a low level of uscTnl < 0.52 ng/L may decrease the
number of patients required for further investigation and high levels > 11.6 ng/L may
identify those who require further evaluation. It is unlikely that uscTnl within the
range > 0.52-11.6 ng/L will be a standalone test for suspected stable angina. The cohort
we studied included patients with several comorbidities and previous history of CHD
that often pose a diagnostic and prognostic challenge as to the cause and significance
of the presenting chest pain. This study suggests uscTnl as a sensitive marker of
cardiac damage would perform best when combined with clinical assessment of the
patient. It must be emphasized that the findings of this study would not mean that in
the RACPC clinical judgment can be substituted with uscTnl. Should a single uscTnl
be performed in either primary care or at presentation to RACPC, it needs to be
interpreted with clinical evaluation.

These findings complement previous data on the use of uscTnl in the diagnosis of
CAD in suspected stable angina. To our knowledge this is the first study to investigate
the use of a “highly” sensitive cardiac troponin assay in a RACPC. The limitations of
this study are that this is a single-centre study and bias may have been introduced due
to referral characteristics. We do not believe that lack of access to patient medical
records, which was not based on patient demographics led to sample bias. We also
need to emphasise that in this institution myocardial ischemia was investigated by
several methods in patients with a wide range of clinical probability of CAD based on
clinical evaluation.

The study suggests that in the presence of clinical comorbidities and previous CHD
the uscTnl needs to be used in conjunction with clinical assessment. Diagnostic cut off
values of uscTnl in an RACPC setting depend on patient population and comor-
bidities. Further work is required to investigate the use of “highly sensitive” cardiac
troponin values in the selection of patients suspected with CAD for further invest-
igation and treatment.

CONCLUSION

The study suggests that in the presence of clinical comorbidities and previous CHD
the uscTnl needs to be used in conjunction with clinical assessment. Diagnostic cut off
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values of uscTnl in an RACPC setting depend on patient population and
comorbidities. Further work is required to investigate the use of “highly sensitive”
cardiac troponin values in the selection of patients suspected with CAD for further
investigation and treatment.

ARTICLE HIGHLIGHTS

Research background

In the United Kingdom rapid access chest pain clinics (RACPC) have been set up in
hospital centers to address the problem of non-acute chest pain of uncertain origin.
The early detection of coronary artery disease (CAD) in these patients can lead to
effective treatment. In this study we looked at the value of a highly sensitive troponin I
assay in the rule out of functionally relevant CAD in patients referred for further
assessment and investigation in a RACPC. To our knowledge this is the first study to
be carried out in a non-teaching hospital in patients who presented with several
clinical co-morbidities.

Research motivation

While functional studies and imaging techniques are valuable in the evaluation of
patients with suspected CAD, highly sensitive troponin I which detects even minute
concentrations of troponin I in the serum may provide further information on cardiac
injury that may be associated with CAD.

Research objectives
The aim was to assess the role of troponin in assisting clinical decision making in the
setting of a RACPC in a non-teaching hospital. This has not been explored previously.

Research methods

One hundred and seventy two patients admitted to the rapid access clinic were
studied. Unlike previous studies, patients with a previous history of CAD were
included in the study. Following clinical assessment the patients with suspected stable
CAD were assigned to 24 h monitoring electrocardiogram, exercise tolerance test,
echocardiogram, exercise or pharmacological stress echo, coronary computed
tomography angiography, coronary angiogram and percutaneous coronary
intervention, medical treatment for angina, or were discharged as clinical assessment
suggested non-cardiac chest pain. More complex patients were designated for review
by specialist cardiologists.

Research results

Receiver operating characteristic curves suggest that patients with troponin I < 0.52
ng/L were less likely to present with CAD and values > 11.6 ng/L required further
evaluation. In the range > 0.52-11.6 ng/L troponin I was not a standalone test. In all
cases troponin was best used in conjunction with clinical assessment. In patients
assigned and preselected for coronary computed tomography angiography and
coronary angiogram troponin I was an indicator of the severity of CAD. Cut-off levels
of troponin I were determined by the patient population cohort.

Research conclusions

The study suggests that in unselected patients presenting with suspected stable angina
to a rapid access clinic troponin I is best used in conjunction with clinical evaluation of
the patient. Diagnostic cut-off levels are dependent on patient population.

Research perspectives
What is now required is further work with different population groups.
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