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Preface

Life is a battle and thus living organisms have developed strategies to win this war. Among the

different strategies employed by micro-organisms to dominate their habitat is the production of toxins

including bacteria and fungi and their use as bioweapons. Mycotoxins are secondary metabolites

produced by molds that play such a role.

For many years, one of these mycotoxins, the food-associated trichothecene Deoxynivalenol

(DON or vomitoxin) has attracted the attention of scientists. This is due, in part, to its high prevalence

in animal/human food and feed products, as demonstrated through the successful use of urinary

biomarkers confirming the exposure of humans to substantial doses of this toxin. DON is also one of

the most hazardous mycotoxins; it affects the functions of nerve, endocrine, immune and intestinal

cells. In addition to its toxicity to animal cells (this could be considered as collateral damage), DON

is also known to affect plant cell functions; such effects certainly play a role during the colonization

of wheat and cereals by DON-producing fungi such as Fusarium species. The toxicity of DON seems

to depend on the presence of an epoxide function which allows its binding to ribosomes, causing

the so-called “ribotoxic stress” effect, and the activation of specific kinases (including PKR and MAP

kinases), eventually leading to the inhibition of the protein synthesis and to cell death. Due to its

ability to activate PKR and MAP kinases, DON also acts as a proinflammatory signal at low doses

whereas higher doses are immunosuppressive due to cellular toxicity. In animals, as well as affecting

systemic and intestinal immunity, DON also impacts the functions of the brain and endocrine

cells, causing anorexia and vomiting. Food not only contains native toxin, but also large amounts

of plant and fungal derivatives of DON (including the fungal metabolites 3 and 15 acetyl-DON

(3 and 15ADON) and the plant derivative 3-O-glucoside-DON (D3G)) and possibly, although no

study has yet confirmed it, of animal derivatives (i.e., 3 and 15-glucuronide DON) potentially

present in meat and animal-derived products. New DON derivatives were also recently found

in plants and food products, including DON-oligoglycosides, DON-glutathione, DON-S-Cysteine,

DON-S-Cysteinyl-glycine, and DON-sulfonate. Although previous research has shed light on the

mechanisms of action of DON, important questions remain. For example, little is known about the

ability of the fungi to transmit from the soil to the cereals, and about the levels of DON and DON

metabolites in different plant tissues during natural and experimental contamination.

Data on the effects of DON and its metabolites on plant cells are also scarce. Similarly, how

DON enters the cells (animal or plant cells) and how it binds/acts on ribosomes is not perfectly

characterized. Finally, if ribosomes are the only target of DON, how the toxin could activate different

kinases, depending on the toxin dose, remains a mystery. We hope that some of these questions will

be answered in this Special Issue that focuses on one of the most studied and relevant food-associated

mycotoxins.

Claudio Montalto, Nuccia Morici, and Aung Myat

Editors
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Abstract: Left ventricular hypertrophy (LVH) is common among older adults. Amidst all causes,
Fabry disease (FD) should be considered when LVH occurs with family history, specific clinical
manifestations, or cardiac alert signs. Here, we report a case of a 76-year-old male who presented late
onset concentric LVH with symptomatic high-grade atrioventricular (AV) block. After dual-chamber
pacemaker implantation, interrogation revealed frequent right ventricular (RV) pacing with a wide
QRS duration. The patient developed heart failure symptoms with rapid deterioration of LV systolic
function. Pacing-induced cardiomyopathy (PICM) was suspected, and the pacemaker was upgraded
to biventricular pacing. Further FD surveys were performed, including biochemical examinations,
cardiac biopsies, and genetic sequencing, and the patient was ultimately diagnosed with a cardiac
variant of FD. Particularly, we strongly suggest that physiologic pacing should be initially considered
for patients with FD who have symptomatic high-grade AV block, rather than traditional RV pacing
to prevent PICM.

Keywords: unexplained hypertrophy; elderly; Fabry disease; high-grade atrioventricular block

1. Introduction

Left ventricular hypertrophy (LVH) is a common, but ominous, discovery in older
adults that is associated with an increased risk of cardiovascular morbidity and mortality.
Although hypertension, valvulopathies, and obesity elucidate most causes of LVH, it is cru-
cial to consider other rare causes if unexplained LVH persists. Less common causes of LVH
include numerous myocardial disorders, such as hypertrophic cardiomyopathy (HCM),
infiltrative diseases, metabolic disorders, mitochondrial diseases, and some syndromic
conditions [1–3]. Amidst all possible causes, Fabry disease (FD) should be considered
when LVH is accompanied by a family history of FD, specific clinical manifestations of
FD, or certain cardiac alert signs [4–6]. Clinicians have discussed specific cardiac alert
signs of FD intensely, which may possibly reveal more clues and increase cardiologists’
vigilance in investigating FD. FD is an inherited lysosomal storage disorder that results in
multisystem diseases. The reported prevalence of FD varies widely, ranging from 1:17,000
to 1:117,000 [4,6]. Cardiovascular complications are the leading cause of impaired quality
of life and death in all FD patients [4–6]. Early detection of FD before irreversible organ
damage occurs, as well as the prompt initiation of effective treatment, are considered
extremely important. Nonetheless, the diagnosis of FD is burdensome because the full
picture of the disease is not yet recognized, and caution is lacking regarding the FD-related
symptoms or signs. The final diagnosis of FD is usually made years after the onset of
primary symptoms or signs, and many cases have been greatly underdiagnosed.

Herein we report a case of a 76-year-old male who was diagnosed as FD with symp-
tomatic high-grade atrioventricular (AV) block. Furthermore, we have proposed an al-
gorithm by which to evaluate patients with unexplained LVH, in order to support the
diagnostic and therapeutic management of FD with high-grade AV block.

J. Clin. Med. 2022, 11, 3522. https://doi.org/10.3390/jcm11123522 https://www.mdpi.com/journal/jcm
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2. Case Presentation

In 2008, a 63-year-old male with no known underlying diseases was referred due
to recurrent palpitation. A 12-lead electrocardiogram (ECG) showed sinus rhythm with
ventricular pre-excitation (Figure 1A). Seeking a link between palpitations and abnormal
rhythm, the 24-h Holter monitor described no tachyarrhythmia. Transthoracic echocardio-
gram (TTE) showed concentric left ventricular hypertrophy (LVH) with adequate systolic
function (Figure 1D,E).

 

Figure 1. (A) The initial 12-lead ECG showed short PR-interval and LVH pattern. (B) The 12-lead
ECG showed sinus rhythm with 3:1 AV block. (C) The 12-lead ECG showed biventricular pacing
rhythm. (D,E) The initial TTE for the patient showed the generalized LVH pattern ((D): parasternal
long axis view and (E): apical four chamber view). (F) The pathology showed the typical features
of FD on electron microscopy (arrows indicate zebra bodies, with a periodicity of 5–6 nm in the
cardiomyocytes). (G) The genetic study shows c.640-801G>A polymorphism (cardiac variants of FD).

From 2008 to 2015, the patient was repeatedly referred due to recurring unexplained
palpitations and occasional retrosternal oppression. Holter monitor and TTE continued
to have similar findings from his primary reports in 2008 (Table 1). In 2016, he visited
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the emergency department once, owing to episodic dizziness with near syncope. A 12-
lead ECG showed bradycardia (37 bpm) and 3:1 atrioventricular (AV) block (Figure 1B).
Emergent temporary transvenous pacing was performed, and then he was admitted for
permanent pacemaker implantation (Medtronic, DDDR mode). Following discharge, he
was followed regularly by his private cardiologist. Since 2017, his pacemaker interrogation
reports have recorded right ventricular (RV) pacing, dependent as predominant rhythm
without prominent symptoms. From 2019 to 2021, he began to feel dyspnea on exertion
and increasingly aggravated, which met the criteria for New York Heart Association
(NYHA) functional class III. TTE revealed impaired left ventricular (LV) systolic function
(LV ejection fraction [EF] 20%). Under the impression of heart failure with reduced ejection
fraction, standard treatments were prescribed and titrated to the optimized dosage (drugs:
carvedilol, furosemide, ramipril, and spironolactone). However, he was still symptomatic,
and rapid deterioration of LV systolic function was noted by TTE, with widening of pacing
QRS on ECG (Table 1). Hence, pacing-induced cardiomyopathy (PICM) was assumed, so
that the upgrading of his permanent pacemaker to cardiac resynchronization therapy (CRT:
biventricular pacemaker) was executed. After upgradation, both TTE and ECG (Table 1)
displayed markedly improved heart function, and his symptoms subsided, thus supporting
the diagnosis of PICM.

Table 1. Clinical history.

Year Age Symptoms Evaluation Management

2008 63 Palpitation

ECG: Sinus rhythm, ventricular
preexcitation, LVH (Figure 1A)

Holter: Normal
TTE: Concentric LVH, impaired LV

relaxation (Figure 1D,E)

OPD follow-up

2011 66 Palpitation and
chest tightness

ECG: Sinus rhythm, ventricular
preexcitation, LVH

Holter: Normal
OPD follow-up

2015 70 Palpitation and
chest tightness

Holter: Normal
TTE: Concentric LVH, LV diastolic
dysfunction, adequate LV systolic

function, LVEF = 76%, E/e′: 20.2, LV
mass index: 273.0 g/m2

Treadmill test: Positive for ischemia

PCI,
OPD follow-up

2016 71 Dizziness ECG: 3:1 AV block (Figure 1B) PPM (DDDR),
OPD follow-up

2017 72 X ECG: Ventricular pacing rhythm,
QRS = 180 ms OPD follow-up

2019 74 DOE

ECG: Ventricular pacing rhythm,
QRS = 180 ms

TTE: Concentric LVH, apical LV
hypokinesis, borderline LV systolic

function, LVEF = 53%, E/e′: 17.0, LV
mass index: 292.9 g/m2

HF drugs,
OPD follow-up

3
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Table 1. Cont.

Year Age Symptoms Evaluation Management

2021 76 Aggravated
DOE

ECG: Ventricular pacing rhythm,
QRS = 200 ms

ECG (s/p CRT): Biventricular pacing
rhythm, QRS = 160 ms (Figure 1C)

TTE: Concentric LVH, large apical LV
akinesis, impaired LV systolic function,
LVEF = 20%, E/e′: 21.4, LV mass index:

160.0 g/m2

TTE (s/p CRT): Concentric LVH, apical
LV hypokinesis, LVEF = 35%, E/e′:
11.9, LV mass index: 214.5 g/m2

CRT,
HF drugs,

ERT,
OPD follow-up

ECG: electrocardiogram, TTE: transthoracic echocardiogram, LVH: left ventricular hypertrophy, LV: left ventric-
ular, OPD: outpatient department, g/m2: grams per square meter, LVEF: left ventricular ejection fraction, PCI:
percutaneous coronary intervention, HF: heart failure, DOE: dyspnea on exertion, PPM: permanent pacemaker,
DDDR: dual-chamber with rate modulation, s/p: status post, CRT: cardiac resynchronization therapy, ERT:
enzyme replacement therapy.

On the other hand, because of his constantly unexplained concentric LVH with in-
tensified symptoms, extra investigations were launched. After excluding the common
secondary causes of LVH, such as valvular heart diseases, systemic hypertension, and
obesity, other rare diseases, including familial HCM, infiltrative diseases, and metabolic
storage disorders, were under-differentiated. According to his clinical manifestations, ECG
and TTE interpretations, FD was initially suspected. Accordingly, we began comprehensive
FD survey (Table 2). However, the patient denied family history of FD, and no extracardiac
presentations had been revealed. In accordance with the entire results of his FD survey,
this patient was consequently diagnosed with cardiac variants of FD, and further received
enzyme replacement therapy (agalsidase beta 1 mg/kg every other week).

Table 2. Fabry disease survey.

Examination Results Reference Value

α-Gal A activity 1.17 μmol/h (borderline)
N > 1.5

Borderline: 0.6~1.5
(μmol/h)

Plasma Lyso-Gb3 11.95 ng/mL (elevated) N < 0.8 (ng/mL)

Endomyocardial biopsy

Cardiomyocytes are focally
vacuolated with a lace-like
appearance. The electron

microscope showed laminated
lysosomal inclusions (zebra

bodies) (Figure 1F).

Compatible with FD

Genetic sequencing Genotype: c.640-801G>A
(Figure 1G)

Also known as IVS4+919G>A
and c.936+919G>A,

Cardiac variant of FD [7]
α-Gal A: α-galactosidase A, Lyso-Gb3: globotriaosylsphingosine, N: normal value, FD: Fabry disease.

3. Discussion

3.1. Differential Diagnosis of Elderly LVH

In older adult patients, LVH can develop from primary cardiomyopathy or secondary
to extrinsic stimuli (pressure or volume overload). Extrinsic stimuli are the most com-
mon causes, including systemic hypertension, valvular diseases (e.g., aortic stenosis), and
obesity, which all need to be carefully excluded first. For unexplained LVH, rare myocar-
dial disorders, including HCM, infiltrative diseases (e.g., amyloidosis and sarcoidosis),
metabolic disorders (e.g., FD, Pompe disease, and PRKAG2 syndrome), and mitochondrial
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diseases, should be thoroughly investigated. In the present case, the patient presented
with late onset LVH, with symptomatic high-grade AV block and without extracardiac
comorbidities, suggesting that HCM, cardiac amyloidosis, and FD were the most probable
causes. Other rare diseases (e.g., sarcoidosis and mitochondrial diseases) usually develop
at earlier ages and tend to present broad extracardiac features [3]. Pompe disease can
sometimes be late onset but is often characterized by progressive skeletal muscle weakness
or loss of respiratory function [8]. PRKAG2 syndrome usually displays LVH with conduc-
tion abnormalities (e.g., ventricular pre-excitation), yet onset is mostly in childhood. As
mentioned above, we prioritized HCM, cardiac amyloidosis, and FD when considering the
patient’s differential diagnosis.

Hypertrophic cardiomyopathy (HCM). HCM is the most common inherited cardiomy-
opathy and relates to imperative cause of sudden cardiac death (SCD), especially the
obstructive type. As such, it should be placed at high hierarchy in the scheme of elderly
LVH. HCM typically manifests as the early onset of asymmetric septal hypertrophy but
could be late onset and highly variable (e.g., apical, concentric, and right ventricular hyper-
trophy). Favorable determinants of HCM are family history of HCM or SCD, as well as
dynamic LV outflow tract obstruction or systolic anterior motion of mitral valve presenting
on echocardiogram [1]. Advanced diagnostic methods include cardiac biopsy (myofibrillar
disarray and fibrosis) and genetic sequencing (genetic mutations in sarcomere or sarcomere-
associated proteins). Diagnosis of HCM is challenging, given phenotypic heterogeneity,
numerous unknown genetic mutations, and often a clinical diagnosis of exclusion [1].

Cardiac amyloidosis. As for cardiac amyloidosis, the more likely cause of elderly LVH
is wild-type transthyretin amyloidosis (ATTRwt), previously called age-related amyloido-
sis. ATTRwt gives rise to amyloidotic cardiomyopathy, resulting from the deposition of
misfolded or misassembled transthyretins that are prone to form amyloid fibrils aggregates
within the myocardium. The majority of patients typically present with diastolic heart
failure or atrial fibrillation in old age. ECG findings, such as low voltage, pseudoinfarct
pattern, or AV block, may possibly be seen. Echocardiogram has demonstrated a gen-
eralized concentric hypertrophy, biatrial dilation, and mainly diastolic dysfunction [9].
Establishing a diagnosis of ATTRwt is difficult, due to the lack of definitive biomarkers,
and the clinical characteristics frequently mimic the diseases coexisting in advanced age,
although cardiac scintigraphy with 99 m Tc-diphosphonates may play a useful role in
the diagnosis of ATTRwt [10]. Final diagnosis is usually made by cardiac biopsy, which
directly identifies the amyloid fibrils using Congo red staining and specifies the type by
immunohistochemistry or mass spectrometry.

Fabry disease (FD). FD is an X-linked recessive genetic disease, resulting in insufficient
activity of lysosomal enzyme, α-galactosidase A (α-Gal A), which causes accumulation of
glycosphingolipids, especially globotriaosylceramide (Gb3) and its deacylated derivative
globotriaosylsphingosine (lyso-Gb3). These cumulative sediments within cells may even-
tually cause organ destruction (Figure 2) [5]. Typical FD clinical manifestations contain
extracardiac involvements, comprising hypo- or anhidrosis, angiokeratomas, cornea verti-
cillata, gastrointestinal manifestations, renal insufficiency, premature stroke, neuropathic
pain, tinnitus or hearing impairment, and cardiac involvements (i.e., Fabry cardiomyopa-
thy), including LVH, heart failure and conduction abnormalities. Classic FD symptoms
normally present during early childhood but can be delayed in heterozygous cases. A late
onset phenotype (i.e., cardiac variants) presents chiefly cardiac involvements, especially
LVH, as a primary sign after the fourth decade of life [3,5,11,12]. The disease course of
this phenotype is still largely unknown but tends to develop severe cardiac diseases in
elderly individuals [11]. According to numerous studies, FD should be considered when
unexplained LVH is found in combination with specific cardiac alert signs recorded by
ECG, echocardiography, or cardiac magnetic resonance imaging (CMR) (Table 3) [3–5].
Both family history of FD and extracardiac presentations should be carefully scrutinized.
Nevertheless, the lack of extracardiac manifestations and late onset phenotype may account
for the absence of family history of FD. The earliest cardiac signs are subtle ECG changes,

5
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as well as LVH patterns with repolarization abnormalities or short PR interval. In advanced
cases, sinus bradycardia, high voltage QRS, conduction disturbances, T wave inversion, or
ST- segment deviation may be observed. FD patients are at relatively high risk of devel-
oping conduction diseases (e.g., any degree of AV block and arrhythmia). Consequently,
regular 24-h Holter monitoring is recommended. Echocardiography is the most crucial
instrument for initial diagnosis and monitoring of Fabry cardiomyopathy. The early stage
is characterized by concentric ventricular hypertrophy without LV outflow tract (OT) ob-
struction, for which the LV systolic function is generally normal. Other particular findings
may be noted, including prominent papillary muscles, early diastolic dysfunction, and
right ventricular hypertrophy. As Fabry cardiomyopathy progresses, a regional wall (esp.
basal inferolateral wall) hypo- or akinesis may develop. The non-invasive gold standard for
detecting FD is CMR with gadolinium contrast agents. It provides accurate assessment of
LV size, mass, and myocardial fibrosis involvement. Representative CMR features include
late gadolinium enhancement (LGE) distinctively starting from the basal inferolateral wall
and reduced T1 values in the affected area [4,5,13].

Figure 2. Brief concepts of the pathophysiology of FD [14,15]. α-Gal A: α-galactosidase A, Gb3:
globotriaosylceramide, lyso-Gb3: globotriaosylsphingosine, CNS: central nervous system, PNS:
peripheral nervous system.

Table 3. Diagnosis and management of FD.

Cardiac Imaging Cardiac Alert Signs [4,13]

ECG Short PR interval, AV block,
chronotropic incompetence

2D-Echocardiography Concentric LVH,
prominent papillary muscles, diastolic dysfunction

CMR LGE in the basal inferolateral wall,
reduced T1 values

Diagnostic examinations Diagnostic criteria [3,4,7,12]

α-Gal A activity N > 1.5, borderline: 0.6~1.5 (μmol/h)

Plasma Lyso-Gb3 N < 0.8 (ng/mL)

Endomyocardial biopsy
General: diffuse vacuolization with lace-like appearance.

The electron microscope: laminated lysosomal inclusions (zebra
bodies), focal loss of myofilaments.

Genetic sequencing
(Pathogenic variants)

Classical phenotype: more than 840 private mutations,
e.g., p.R227X, p.R220X, p.R342X

Late-onset phenotype: p.R301Q, p.R363H, p.F113L,
p.N215S, IVS4+919G>A

6
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Table 3. Cont.

Disease-specific therapies Detailed information [4,14,15]

ERT IV agalsidase alpha and beta (approved),
pegunigalsidase alfa (ongoing trials)

Pharmacological chaperone Oral Miglastat (approved)

SRT Oral lucerastat, venglustat (ongoing trials)

Gene-based therapy Gene transfer, mRNA (ongoing trials)
FD: Fabry disease, ECG: electrocardiogram, AV: atrioventricular, 2D: 2 dimensional, LVH: left ventricular hyper-
trophy, CMR: cardiac magnetic resonance imaging, LGE: late gadolinium enhancement, α-Gal A: α-galactosidase
A, Lyso-Gb3: globotriaosylsphingosine, N: normal value, ERT: enzyme replacement therapy, IV: intravenous
administration, SRT: substrate reduction therapy, mRNA: messenger ribonucleic acid.

Relative to the present case, HCM, cardiac amyloidosis (ATTRwt), and FD (cardiac
variants) may likely be causes, in line with the patient’s clinical presentations. There-
fore, we differentiated between HCM, ATTRwt, and cardiac variants of FD, in terms of
image interpretations (ECG and TTE). According to his initial ECG showing, as well as
LVH with pre-excitation pattern and without low voltage QRS or pseudoinfarct pattern
(Figure 1A), cardiac variants of FD was the most suspicious culprit. According to his
echocardiography, which revealed generalized ventricular hypertrophy without LVOT
obstruction (Figure 1D,E), this feature seemed to comply with cardiac amyloidosis or FD
but was atypical for HCM. In brief, both cardiac variants of FD and ATTRwt were the likely
suspects and held for further investigation. To distinguish these two diseases, biochemical
blood tests for FD were first arranged due to currently available non-invasive examinations.
Finally, cardiac biopsy and genetic sequencing were performed to confirm diagnosis. After
thoroughly tracing the patient’s clinical history (Table 1) and clarifying the clinical findings,
this patient clearly could have been diagnosed with a cardiac variant of FD since 2008.

3.2. Diagnosis of FD

Patients with suspicion of FD should undergo certain biochemical and genetic ex-
aminations (Table 3) [4–6]. In general, male patients with FD typically have reduced or
absent α-Gal A activity and elevated lyso-Gb3 level, as measured in dried blood spot
or blood leukocytes, which are adequate to confirm FD diagnosis. However, in females,
X-chromosome inactivation results in widely variable clinical phenotypes and α-Gal A
activity may be normal or slightly defective. Hence, the diagnosis of FD in females requires
genetic sequencing. On the whole, all FD diagnoses should eventually be verified by
genetic sequencing, which is helpful for establishing the relationship between the disease
phenotype and genotype, and further permits cascade screening for high-risk family mem-
bers [4,5,7]. Endomyocardial biopsy may be performed in patients with genetic variants of
unknown significance, or under unusual phenotypic manifestations, which offer definitive
evidence of FD by demonstrating lace-like appearance, vacuolization, and representative
lysosomal inclusions (zebra bodies) on electron microscopy [4].

3.3. Management of FD

To date, the management of FD includes disease-specific therapy, as well as thera-
pies to manage multiorgan diseases. Approved FD-specific treatments include enzyme
replacement therapy (ERT) and pharmacological chaperone therapy, while other novel ther-
apeutic approaches, such as substrate reduction therapy, gene therapy, and mRNA-based
therapy, are still in development (Table 3) [14,15]. To begin with, ERT is indicated in all
symptomatic patients with an established FD diagnosis, which can delay FD advancement
and reduce the burden of cardiac events when started at earlier stage [5]. Specifically, in
patients with late-onset FD, studies have revealed that ERT decreases LV mass and wall
thickness but does not significantly improve heart function (neither systolic nor diastolic),
although evidence is limited [5,16]. Most studies further illustrate the poor response of ERT
in the heart when applied in the advanced stage, particularly in patients with extensive
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fibrosis [4,5]. Importantly, cardiac fibrosis stands as a negative cardiac beneficial factor
for ERT. Hence, it should be administered as early as possible, before substantial fibrosis
development, and the assessment of fibrosis progression by CMR should be considered
before and during ERT, in order to evaluate the patient’s prognosis and treatment effective-
ness [4,11]. Next, chaperone therapy is only prescribed for patients with amenable GLA
pathogenic variants, but the effectiveness of this therapy is still debatable. Lastly, other
novel treatments, including substrate reduction therapy, result in decreased Gb3 synthesis,
which directly lower the cellular load. All gene therapy or mRNA-based therapy aims
to restore the defective α-Gal A activity [15,17]. These new therapies will expand in the
foreseeable future and hold promise for FD patients. Although FD-specific treatments
have changed the natural history of FD, cardiac involvements remain the main prognostic
determinant. Updated recommendations on the management of cardiovascular diseases of
FD have been published in recent documents [4–6].

3.4. Management of FD with Symptomatic High-Grade AV Block

Symptomatic high-grade AV block should be treated following the current guide-
lines [18]. After receiving dual-chamber pacemaker implantation, this patient revealed
that he had been in a setting of high-burden RV pacing for years with aggravating heart
failure symptoms. A recent study proposed that chronic RV pacing dependence can cause
electromechanical dyssynchrony between the ventricles and sequential maladaptive cardiac
remodeling. Ultimately, LV systolic dysfunction, as a decrement in LVEF, will be displayed
(i.e., pacing-induced cardiomyopathy, PICM) [19]. The most effective treatment for PICM
is to upgrade to a physiologic pacing system (e.g., biventricular pacing, His bundle pacing,
and left bundle area pacing) [19,20]. After upgradation, a significant improvement of LV
systolic function was observed [20].

In FD patients receiving pacemakers, great concern exists about the adverse effect of
non-physiological RV pacing with higher risk of developing PICM. From a pathophysi-
ologic perspective, RV pacing contributes to fundamentally altered electrical pattern of
ventricular activation. Disturbed electrical activation leads to impaired contraction and
redistribution of myocardial strain [19]. These effects cause an abnormal cardiomyocyte
metabolism and revised regional perfusion. Besides, in FD patients, deposits (Gb3 and
lyzo-Gb3) accumulation and fibrosis replacement within the heart may increase the chance
of ventricular dyssynchrony and catalyze the process of cardiac remodeling. For these
reasons, physiologic pacing should be initially considered in FD patients who require
pacing. However, routine insertion of physiologic pacing systems in patients with low
burden of RV pacing (<40%) or preserved systolic function (LVEF > 50%) has not emerged
as the standard of care in recent guidelines [18,21]. We strongly suggest that physiologic
pacing, rather than traditional RV pacing, be considered for FD patients with symptomatic
high-grade AV block, in order to prevent PICM. This novel recommendation still lacks
adequate clinical trials to validate the effectiveness in FD patients.

All in all, this article focuses on two key concepts. First, physicians should keep FD
in mind when noticing unexplained LVH in combination with specific cardiac alert signs.
Earlier detection of the disease and initiation of FD-specific treatments leads to a superior
prognosis. Secondly, we have raised a novel and important issue that physiologic pacing
systems might play a crucial role in FD patients with AV block requiring pacing, especially
in patients who already have impaired LV systolic function. Further, we have provided
a comprehensive algorithm (Figure 3), based on elderly patients with unexplained LVH,
to guide the diagnostic and therapeutic approaches of FD with symptomatic high-grade
AV block, which may be useful to support clinical judgement. Future research should
focus on validating the pros and cons of the physiologic pacing system in FD patients and
investigate the beneficial effects of FD-specific treatments of the cardiac variants of FD
patients specifically.
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Figure 3. A hypothetical algorithm to evaluate elderly patients who have unexplained LVH to
the diagnostic and therapeutic management of FD with high-grade AV block. LVH: left ventricular
hypertrophy, r/o: rule out, HCM: hypertrophic cardiomyopathy, FD: Fabry disease, hx: history, LVOT:
left ventricular outflow tract, MRI: magnetic resonance imaging, LGE: late gadolinium enhancement,
s/s: symptoms/signs, α-Gal A: α-galactosidase A, Lyso-Gb3: globotriaosylsphingosine, GLA: α-
galactosidase A gene, VUS: variants of unknown significance, RV: right ventricular, LVEF: left
ventricular ejection fraction, PPM: permanent pacemaker, DDD: dual-chamber pacing. Classes I, IIa,
IIb: the classes of recommendation based on existing studies or guidelines. Levels A, B, C: the levels
of evidence based of existing studies [4,18,20,21].
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4. Conclusions

Overall, this article focuses on two key concepts. First, physicians should keep FD
in mind when noticing unexplained LVH in combination with specific cardiac alert signs.
Earlier detection of the disease and initiation of FD-specific treatments leads to a superior
prognosis. Second, we have raised a novel issue that physiologic pacing systems play
a crucial role in patients with FD who have AV block requiring pacing, especially in
patients who already have impaired LV systolic function. Furthermore, we provided a
comprehensive algorithm (Figure 2), based on elderly patients with unexplained LVH, to
guide the diagnostic and therapeutic approaches of FD with symptomatic high-grade AV
block. Future research should focus on validating the pros and cons of the physiologic
pacing system in patients with FD and investigating the beneficial effects of FD-specific
treatments of the cardiac variants of patients with FD specifically.
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PICMOPD Pacing-induced cardiomyopathyOutpatient department
SCD Sudden cardiac death
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cardiac amyloidosis: A review of the literature. ESC Heart Fail. 2021, 8, 2380–2396. [CrossRef]

10. Perugini, E.; Guidalotti, P.L.; Salvi, F.; Cooke, R.M.; Pettinato, C.; Riva, L.; Leone, O.; Farsad, M.; Ciliberti, P.; Bacchi-Reggiani, L.; et al.
Noninvasive Etiologic Diagnosis of Cardiac Amyloidosis Using 99mtc-3,3-Diphosphono-1,2-Propanodicarboxylic Acid Scintigra-
phy. J. Am. Coll. Cardiol. 2005, 46, 1076–1084. [CrossRef]

11. Hsu, T.R.; Hung, S.C.; Chang, F.P.; Yu, W.C.; Sung, S.H.; Hsu, C.L.; Dzhagalov, I.; Yang, C.F.; Chu, T.H.; Lee, H.J.; et al. Later Onset
Fabry Disease, Cardiac Damage Progress in Silence: Experience with a Highly Prevalent Mutation. J. Am. Coll. Cardiol. 2016, 68,
2554–2563. [CrossRef] [PubMed]

12. Fan, Y.; Chan, T.-N.; Chow, J.; Kam, K.; Chi, W.-K.; Chan, J.; Fung, E.; Tong, M.; Wong, J.; Choi, P.; et al. High Prevalence of
Late-Onset Fabry Cardiomyopathy in a Cohort of 499 Non-Selective Patients with Left Ventricular Hypertrophy: The Asian Fabry
Cardiomyopathy High-Risk Screening Study (Asian-Fame). J. Clin. Med. 2021, 10, 2160. [CrossRef] [PubMed]

13. Esposito, R.; Santoro, C.; Mandoli, G.E.; Cuomo, V.; Sorrentino, R.; La Mura, L.; Pastore, M.C.; Bandera, F.; D’Ascenzi, F.; Malagoli,
A.; et al. Cardiac Imaging in Anderson-Fabry Disease: Past, Present and Future. J. Clin. Med. 2021, 10, 1994. [CrossRef] [PubMed]

14. Vardarli, I.; Weber, M.; Rischpler, C.; Führer, D.; Herrmann, K.; Weidemann, F. Fabry Cardiomyopathy: Current Treatment and
Future Options. J. Clin. Med. 2021, 10, 3026. [CrossRef] [PubMed]

15. Yim, J.; Yau, O.; Yeung, D.; Tsang, T. Fabry Cardiomyopathy: Current Practice and Future Directions. Cells 2021, 10, 1532.
[CrossRef] [PubMed]

16. Germain, D.P.; Elliott, P.; Falissard, B.; Fomin, V.V.; Hilz, M.J.; Jovanovic, A.; Kantola, I.; Linhart, A.; Mignani, R.; Namdar, M.; et al.
The effect of enzyme replacement therapy on clinical outcomes in male patients with Fabry disease: A systematic literature
review by a European panel of experts. Mol. Genet. Metab. Rep. 2019, 19, 100454. [CrossRef]

17. Miller, J.J.; Kanack, A.J.; Dahms, N.M. Progress in the understanding and treatment of Fabry disease. Biochim. Biophys. Acta (BBA)
Gen. Subj. 2020, 1864, 129437. [CrossRef]

18. Kusumoto, F.M.; Schoenfeld, M.H.; Barrett, C.; Edgerton, J.R.; Ellenbogen, K.A.; Gold, M.R.; Goldschlager, N.F.; Hamilton, R.M.;
Joglar, J.A.; Kim, R.J.; et al. 2018 Acc/Aha/Hrs Guideline on the Evaluation and Management of Patients with Bradycardia and
Cardiac Conduction Delay: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical
Practice Guidelines and the Heart Rhythm Society. Circulation 2019, 140, e382–e482.

19. Merchant, F.M.; Mittal, S. Pacing Induced Cardiomyopathy. J. Cardiovasc. Electrophysiol. 2020, 31, 286–292. [CrossRef]
20. Khurshid, S.; Obeng-Gyimah, E.; Supple, G.E.; Schaller, R.; Lin, D.; Owens, A.T.; Epstein, A.E.; Dixit, S.; Marchlinski, F.E.; Frankel,

D.S. Reversal of Pacing-Induced Cardiomyopathy Following Cardiac Resynchronization Therapy. JACC Clin. Electrophysiol. 2017,
4, 168–177. [CrossRef]

21. Slotwiner, D.J.; Raitt, M.H.; Munoz, F.D.-C.; Mulpuru, S.K.; Nasser, N.; Peterson, P.N. Impact of Physiologic Pacing Versus Right
Ventricular Pacing Among Patients With Left Ventricular Ejection Fraction Greater Than 35%: A Systematic Review for the 2018
ACC/AHA/HRS Guideline on the Evaluation and Management of Patients With Bradycardia and Cardiac Conduction Delay: A
Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines and the
Heart Rhythm Society. J. Am. Coll. Cardiol. 2019, 74, 988–1008.

11



Citation: Caracciolo, A.; Scalise,

R.F.M.; Ceresa, F.; Bagnato, G.;

Versace, A.G.; Licordari, R.; Perfetti,

S.; Lofrumento, F.; Irrera, N.; Santoro,

D.; et al. Optimizing the Outcomes of

Percutaneous Coronary Intervention

in Patients with Chronic Kidney

Disease. J. Clin. Med. 2022, 11, 2380.

https://doi.org/10.3390/jcm11092380

Academic Editors: Claudio Montalto,

Nuccia Morici and Aung Myat

Received: 12 March 2022

Accepted: 20 April 2022

Published: 23 April 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

Journal of

Clinical Medicine

Review

Optimizing the Outcomes of Percutaneous Coronary
Intervention in Patients with Chronic Kidney Disease

Alessandro Caracciolo 1, Renato Francesco Maria Scalise 1, Fabrizio Ceresa 2, Gianluca Bagnato 1,

Antonio Giovanni Versace 1, Roberto Licordari 1, Silvia Perfetti 1, Francesca Lofrumento 1, Natasha Irrera 1,

Domenico Santoro 1, Francesco Patanè 2, Gianluca Di Bella 1, Francesco Costa 1,* and Antonio Micari 3,*

1 Department of Clinical and Experimental Medicine, Policlinic “Gaetano Martino”, University of Messina,
98100 Messina, Italy; caracciolo.alessandro.ac@gmail.com (A.C.); rfm.scalise@gmail.com (R.F.M.S.);
gianbagnato@gmail.com (G.B.); antonio.versace@polime.it (A.G.V.); robertolicordari@gmail.com (R.L.);
silvia.perfetti@hotmail.it (S.P.); francesca.lofrumetno@studenti.unime.it (F.L.); natasha.irrera@unime.it (N.I.);
domenico.santoro@unime.it (D.S.); gianluca.dibella@unime.it (G.D.B.)

2 Department of Cardio-Thoraco-Vascular Surgery, Division of Cardiac Surgery, Papardo Hospital,
98158 Messina, Italy; ceresa77@hotmail.com (F.C.); f_patane@hotmail.it (F.P.)

3 Department of Biomedical and Dental Sciences and Morphological and Functional Imaging,
University of Messina, 98100 Messina, Italy

* Correspondence: dottfrancescocosta@gmail.com (F.C.); antonio.micari@unime.it (A.M.)

Abstract: Percutaneous coronary intervention (PCI) is one of the most common procedures performed
in medicine. However, its net benefit among patients with chronic kidney disease (CKD) is less well
established than in the general population. The prevalence of patients suffering from both CAD and
CKD is high, and is likely to increase in the coming years. Planning the adequate management of this
group of patients is crucial to improve their outcome after PCI. This starts with proper preparation
before the procedure, the use of all available means to reduce contrast during the procedure, and the
implementation of modern strategies such as radial access and drug-eluting stents. At the end of the
procedure, personalized antithrombotic therapy for the patient’s specific characteristics is advisable
to account for the elevated ischemic and bleeding risk of these patients.

Keywords: chronic kidney disease; percutaneous coronary intervention; contrast-induced nephropathy

1. Introduction

Percutaneous coronary intervention (PCI) is one of the most common procedures
performed in medicine [1]. PCI improves survival in acute coronary syndrome and helps to
control anginal symptoms in chronic coronary disease [2,3]; however, its net benefit among
patients with chronic kidney disease (CKD) is less well established. The use of contrast
dye, arterial wall instrumentation, and the potential for microembolization are associated
with potential renal harm which is amplified in patients with pre-existing CKD, potentially
reducing the clinical benefit of PCI, especially in an elective setting.

The clinical impact of PCI in patients with stable CAD has been widely studied in recent
years: in the ISCHEMIA trial [4], 5179 patients with stable coronary disease and moderate to
severe inducible ischemia by imaging test were randomized to an immediate invasive strategy
with coronary angiography or an initial approach with medical therapy alone. Over a median
of 3.2 years, the primary outcome of cardiovascular death, myocardial infarction, resuscitated
cardiac arrest, or hospitalization for unstable angina or heart failure was similar in the two
treatment groups, confirming the modest impact of an initial invasive strategy in patients
with stable angina and the potential for early related complications. This concept is even more
important for patients with CKD, especially in its more severe forms. CKD and coronary
artery disease (CAD) are strictly related, and are associated with a higher risk of thrombotic
and bleeding complications [5]. In fact, lower values of glomerular filtration rate (GFR) below
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60–75 mL/min/1.73 m2 are associated with a linear increase in CAD risk and a tripled risk
of cardiovascular mortality when reaching GFR drops below 15 mL/min/1.73 m2 [6]. In
addition, the impaired renal elimination of antithrombotic drugs exposes patients with CAD
and PCI to a higher risk of bleeding complications.

There is a paucity of data regarding the impact of PCI on patients with CKD, especially
those in advanced stages or those treated with dialysis, who are often excluded from
clinical trials. Recently, the ISCHEMIA CKD trial included 777 patients with advanced
renal insufficiency (eGFR < 30 mL/min) in the context of the larger ISCHEMIA trial
population. As observed in the main population, an early routine invasive strategy failed to
reduce the incidence of death or myocardial infarction, and an excess of stroke, death or the
initiation of dialysis was observed compared to the initial approach with medical therapy
alone [7]. In addition, for CKD, no benefits of an early invasive strategy were evident with
regard to angina-related health status [2].

Hence, the PCI benefit window for CKD patients is narrow. After careful patient
selection, careful technological and organizational strategies should be implemented in
order to allow a positive trade-off, balancing the risk of the procedure with the potential
benefits. In this review, we will discuss strategies to minimize PCI’s potential for harm in
CKD patients, in addition to the current evidence for pharmacological and device therapies
in this domain.

2. Contrast-Induced Nephropathy Prophylaxis Strategies

Contrast-induced nephropathy (CIN) is defined as the impairment of renal function,
with either a relative 25% increase or an absolute 0.5 mg/dL increase within 48–72 h of intra-
venous contrast administration. CIN is associated with an increased risk of all-cause death
and ischemic events, and should be thoroughly prevented [8]. Several pathophysiological
mechanisms of CIN have been proposed. Contrast dye might exert direct renal toxicity me-
diated by free radicals and oxidative stress, or indirect toxicity through medullary hypoxia
due to a vasodilation/vasoconstriction imbalance.

The risk of CIN depends on patient’s characteristics and procedural variables. Patients
with pre-existing renal impairment are exposed to the highest risk of CIN, in direct relation
to serum creatinine level [9]. Diabetes mellitus is a mild risk factor, but in the presence of
renal dysfunction it has a synergistic effect that exposes patients to a four-fold higher risk of
CIN [10–13]. Advanced age, heart failure, haemodynamic instability, anaemia, dehydration,
female sex, procedural bleeding, nephrotoxic drugs, and type and dose of contrast are
additional risk factors that increase the risk of CIN, especially when renal impairment
coexists [14–20]. There are no effective treatments for CIN, so prevention represents the
most important strategy. The risk of CIN should be estimated in every patient considering
clinical history and renal function. An estimated glomerular filtration rate (eGFR) lower
than 60 mL/min is suggestive of a high risk for CIN [21]. In this setting, reducing the
total volume of contrast administered is key to preventing CIN. A ratio of total contrast
volume administered (in mL) to eGFR (in mL/min) higher than 3.7 exposes patients to a
higher risk of CIN [17,18]. Several methods [15,17,22–25] have been proposed to identify
high-risk patients, but there is no evidence that suggest their systematic use. Nevertheless,
it is recommended that particular attention should be paid to the pre- and post-procedural
clinical management of patients that present clinical characteristics associated with an
increased risk of CIN [26]. Nephrotoxic drugs should be suspended before the procedure,
and drugs that have an impact on renal function should be carefully evaluated for their
benefit/risk ratio [21]. Studies on CIN prophylaxis have focused on three main strategies:
fluid administration, pharmacological prevention, and renal replacement therapies.

2.1. Fluid Administration

Hydration represents the most important strategy for CIN prevention before and after
PCI in patients with CKD. Fluids administration expands plasma volume, determines a
downregulation of the renin–angiotensin–aldosterone system, reduces renal cortical vaso-
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constriction, dilutes contrast agents, and prevents tubular obstruction [27]. The European
Society of Cardiology recommends (class I, level of evidence C) to administer isotonic
saline to all patients with moderate to severe CKD (1 mL/kg/h or 0.5 mL/kg/h in patients
with LVEF ≤ 35% or NYHA > 2) 12 h before and 24 h after the procedure [28]. Intravenous
hydration has been found to be more effective in reducing CIN than oral hydration, al-
though intravenous administration appears to be less manageable in acute patients and in
day-hospital settings [29,30]. A meta-analysis of six trials showed no differences between
intravenous and oral hydration in CIN reduction, suggesting that further adequately pow-
ered trials are needed [31]. Intravenous hydration with 0.9% isotonic saline was found
to be more effective in CIN reduction when compared to other solutions [32]. Fluid ad-
ministration in patients with renal impairment is often performed at a flow significantly
lower than that assumed to give protection because of the concern of volume overload,
especially in patients with left ventricle dysfunction [33]. Different combined strategies of
hydration and diuretics have been tested under the assumption that a higher urine output
relates to a greater contrast dilution and lower contrast toxicity. Loop diuretics showed a
negative effect probably related to volume depletion and consequent vasoconstriction [34].
Interestingly, it has been demonstrated that increased diuresis, concurrently obtained with
diuretics from fluid administration matched with urine output, not only prevents dehy-
dration but also reduces CIN occurrence [35]. On the basis of this evidence, an automated
hydration system was developed (Renal Guard System™, Renal Guard Solutions, Inc., Mil-
ford, MA, USA). The Renal Guard consists of a collection bag for the urine with a computed
monitoring system and an intravenous infusion system. After an initial bolus of 250 mL
isotonic saline and furosemide (0.25–0.5 mg/kg) that stimulates the diuresis, the saline
solution is constantly infused at a volume corresponding to the volume of urine that flows
into the collection bag, minimizing the risk of fluid depletion or overload. The Renal Guard
System™ was tested for efficacy and safety in a clinical trial, and it was associated with a
statistically significant reduction in CIN and the need for renal replacement therapy [36–38].
Interestingly, the comparison of the mean volume of fluids administered with the Renal
Guard System™ and the typical hydration protocol (4000 mL vs. 1750 mL) in relation to
timing (6 h vs. 24 h) emphasized the beneficial effect of hydration [37].

2.2. Pharmacological Prevention

Several pharmacological therapies have been evaluated for CIN prevention [39]
in patients with CKD, producing mainly contrasting results. Among those tested, N-
acetylcysteine, bicarbonate and statins represent the most promising molecules.

N-Acetylcysteine has been tested for CIN prevention on the basis of its antioxidant
and vasodilator effects. A protective role of N-acetylcysteine was demonstrated in an
initial study [40], but this was not confirmed in the subsequent clinical trials [41–43]
that showed conflicting results, nor in the pooled data from the meta-analysis [44–52]. A
multitude of elements may have contributed to the heterogeneity of these results, e.g.,
differences in patient selection, the definition of CIN, contrasting agent types, concomitant
fluid administration, or different administration route [53]. Interesting, it was observed
that the greater protective effect of N-acetylcysteine was in patients that received small
amounts of contrast (<140 mL) [43]. Additional studies that tested higher cumulative
doses of N-acetylcysteine compared with the most used protocol demonstrated a protective
effect [54], suggesting a dose-dependent mechanism. A subsequent meta-analysis regarding
the protective effect of high doses of N-acetylcysteine suggested that the most beneficial
effect might be obtained in patients at high risk of CIN [55]. The beneficial effect of high
doses of N-acetylcysteine on CIN prevention was confirmed in patients with STEMI [56],
and it was also associated with a reduction in hospital deaths. Furthermore, in patients with
myocardial infarction treated with intravenous N-acetylcysteine, a smaller size of infarcted
area and protection of the left ventricular function were observed [57,58]. In acute ischemic
settings, N-acetylcysteine antioxidant properties are potentially able to lessen oxidative
stress related to reperfusion, and it has been demonstrated that this compound reduces
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platelet inhibition with a potential reduction in thrombotic burden [59]. A combination
of hydration with sodium bicarbonate and N-acetylcysteine immediately before and up
to 12 h after PCI reduced CIN occurrence compared to hydration with isotonic saline [60].
Conversely, in a trial of patients undergoing coronary angiography who were randomized
to hydration with isotonic saline associated with oral N-acetylcysteine or hydration with
bicarbonate, no differences emerged in terms of CIN prevention [48].

Alkalization therapy has been tested for CIN prevention in patients with CKD on the
basis of a potential protective effect of renal tubular epithelial cells related to the reduction
in renal tubules acidification with potential antioxidant effects [61], but conflicting results
emerged. It was initially observed that hydration with bicarbonate was more effective in
CIN reduction as compared to hydration with saline [62], but a subsequent study [63] and
a meta-analysis did not confirm this data [64]. More recently, a randomized controlled trial
showed no difference between intravenous sodium bicarbonate over intravenous isotonic
saline or oral acetylcysteine over placebo for the prevention of CIN, need for dialysis, or
death in patients with CKD undergoing coronary or non-coronary angiography [65].

Statins have been tested for CIN prevention in patients with CKD on the basis of
their pleiotropic effect that includes anti-inflammatory activity and the improvement
of endothelial function [66]. It was initially demonstrated that, in statin-naïve patients
with acute coronary syndrome undergoing coronary angiography, a pre-treatment with
rosuvastatin reduced CIN occurrence [67]. A meta-analysis of 124 trials and 28,240 patients
comparing different strategies of CIN prevention in patients undergoing PCI demonstrated
an important protective effect of premedication with statins [68] that, in accordance with
another meta-analysis, was found to be independent of the hydration protocol. On the
basis of these results, the European Society of Cardiology recommends (class IIa, level of
evidence C) high-dose statins in statin-naïve patients.

Proton pump inhibitors (PPIs) have been demonstrated to reduce the rate of recurrent
gastrointestinal bleeding in high-risk patients receiving aspirin [69]. Prior observational
studies suggested a possible increased risk of cardiovascular ischemic events when PPI
therapy was administered concomitantly with clopidogrel [70]. However, randomized
trials did not support such concerns [71,72]. ESC guidelines endorse the routine association
of PPI during DAPT treatment with class IB recommendations [73].

2.3. Renal Replacement Therapies

Haemodialysis and hemofiltration have been proposed for CIN prevention in patients
with CKD because of their effectiveness in removing contrast agents from circulation. Sev-
eral studies evaluating haemodialysis immediately after an angiographic procedure [74–77]
failed to demonstrate a beneficial effect. It has been proposed that the lack of clinical benefit
of haemodialysis could be related to the nephrotoxicity of the procedure that determines a
pro-inflammatory, pro-coagulative, hypotensive and hypovolemic effect [78]. Hemofiltra-
tion, as compared to haemodialysis, is often found to be more manageable because fluid and
solute removal are performed with better volume control and more haemodynamic stability.
Indeed, a randomised study demonstrated that hemofiltration reduces CIN occurrence
and 1-year mortality in patients with severe CKD. A subsequent study [79] compared two
different protocols of hemofiltration in patients with severe CKD; one group was treated
with hemofiltration for 6 h before and for 18/24 h after the procedure, while the other group
was treated for 18/24 h after the procedure. An important reduction in CIN occurrence
was observed in the group treated with hemofiltration before and after the procedure.
On the basis of these results, the European Society of Cardiology recommends (class IIb,
level of evidence B) hemofiltration for 6 h before and for 24 h after a given procedure for
patients with severe CKD undergoing complex PCI, while prophylactic haemodialysis is
not recommended (class III, level of evidence B) [28].
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3. Transradial Artery Access

Transradial access (TRA) for percutaneous coronary angiography and intervention
has become the default route over the transfemoral approach (TFA) on the basis of several
advantages [80]. Among these advantages is an important reduction in renal complica-
tions [81–84]. Different mechanisms have been implicated to explain the nephroprotective
effect of TRA over TFA, including a lower incidence of major bleeding [20,85], emboliza-
tion [86,87] and hypotension, but also a lower use of contrast agents. Several studies have
evaluated the benefit of TRA on renal outcome with heterogeneous results [88–90]. In
the pivotal MATRIX-Access randomized trial, TRA was demonstrated to reduce major
bleeding and all-cause mortality compared to TFA [91]. A prespecified sub-analysis of this
study revealed a reduction in acute kidney injury occurrence in the TRA cohort compared
to the TFA cohort [92]. Interestingly, a subsequent multistate and competing risk model
analysis suggested that the reduction in mortality was mainly mediated by the reduction
in acute kidney injury [93]. Finally, a large meta-analysis of 14 studies and 46,816 patients
confirmed that TRA was associated with a lower occurrence of acute kidney injury after
coronary angiography or PCI [94], compared to TFA.

4. Contrast Dye Reduction for Coronary Angiography and PCI

In recent years, new procedural approaches have been introduced to reduce contrast
administration with the aim of performing ultra-low contrast angiography and virtually
zero-contrast PCI. The implementation of these techniques could reduce the need for
contrast during the procedure to a minimum. For example, catheter engagement in the
coronary ostia could be performed without contrast by focusing on calcium distribution
using a high frame rate [95]. Moreover, correct cannulation could be confirmed without
contrast by injecting 10–20 mL of isotonic saline and observing temporal changes in the elec-
trocardiogram (i.e., T wave or ST segment modification) [96] or, alternatively, by cautiously
advancing a coronary guidewire [97]. A total of 15 mL of contrast is usually sufficient to
perform a reliable coronary angiography [98] by injecting 2–3 mL of contrast to visualize
the left coronary artery and 2 mL for the right coronary artery. Contrast medium should
be removed from the catheter prior to every drug administration or catheter exchange,
and contrast must be refilled before subsequent angiography. When clear angiographic
images are available, PCI without contrast may be attempted (during the same session or
in a staged procedure) using different techniques, intravascular imaging, and functional
tests. Large guiding catheters (usually 7 Fr) are preferable as they give stable support
and accommodate multiple guidewires, stents and IVUS probes. Multiple guidewires
should trace the course of the vessels shown on the reference angiography, and represent
a map used to track major reference points during the procedure (e.g., ostia, bifurcations
etc.). Once the correct position of the guide wire has been verified, an IVUS evaluation
can be performed. IVUS is able to accurately define plaque burden and reference vessel
dimensions, allowing the selection of the optimal stent size [97,98]. Several landmarks
such as calcification, ribs, surgical clips, the catheter, or guidewires are useful to gain the
correct position for stent placement. After stent implantation, correct stent expansion and
possible dissections can be assessed by IVUS. IVUS co-registration to merge angiography
and intravascular probe position could further increase PCI accuracy. The physiological
evaluation of coronary plaque can be used to guide the procedure and confirm the effec-
tiveness of the intervention [99]. In non-complex anatomy, rotational atherectomy can
be performed without contrast, because calcifications of the wall vessel usually mark the
location and the extent of the lesion [100]. If vessel perforation, distal embolization, or
other complications that cannot be ruled out by IVUS or functional tests are suspected, a
small contrast injection can elucidate the problem.

5. Revascularization Strategy

Coronary atherosclerosis in patients with CKD is typically associated with a higher
burden of calcification, and more frequently involves the left, main, or three vessels resulting
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in high lesion complexity [101–103]. A correlation between the severity of renal impairment
and coronary lesion complexity expressed by an inverse relationship between the eGFR and
the SYNTAX (SYNergy between PCI with TAXUS™ and Cardiac Surgery) Score has been
demonstrated [104]. In the clinical setting of ACS, CKD affects nearly 30–40% of patients
and it has been demonstrated to be an independent predictor of death and MACCE with a
correlation between the severity of CKD and the event rate [105–107]. Despite this, patients
with ACS and CKD less frequently receive optimal medical treatment and early invasive
strategies [107,108]. ACS diagnosis in patients with CKD may be delayed due to atypical
presentation without chest pain, ECG abnormalities, or mild elevations in cardiac necrosis
markers. Furthermore, CKD (particularly end-stage renal disease) has been adopted as
an exclusion criteria for large ACS clinical trials, so the efficacy/safety profile of different
treatments remain uninvestigated against the disease [109]. Interestingly, CKD patients
with ACS undergoing PCI have been evaluated with three-vessel grayscale and virtual
histology intravascular ultrasound (IVUS) imaging [110]. Longer atherosclerotic lesions
with augmented necrotic core-to-fibrous cap ratios, higher plaque burdens, greater luminal
inclusions, and the coexistence of these elements of complexity have been proposed as
evidence for the increased risk of periprocedural complications [111,112].

The choice of the best strategy of revascularization is critical to improve the pa-
tient’s prognosis. Several studies have shown that drug-eluting stents (DES) are supe-
rior to bare-metal stents (BMS) in reducing MACE at a distance [113], irrespective of
clinical and procedural characteristics [114]. Similar results have been obtained in the
CKD population. Crimi et al. compared the impact of BMS vs. DES (paclitaxel-PES;
zotarolimus-ZES-S; everolimus-EES-eluting stent) implantation in patients with CKD (GFR
< 60 mL/min/1.73 m2) in a post hoc analysis of the PRODIGY trial. A total of 2003 patients
with stable or unstable CAD were randomized 1:1:1:1:1 to BMS-EES-PES-ZES. The study
showed that CKD at baseline was associated with a two-fold higher risk of stent thrombosis
(ST) and MACE, and EES halved ST risk at 2 years after PCI in CKD patients compared with
BMS and PES [115]. Bangalore et al. evaluated, in an observational study, the impact of
different revascularization strategies in CKD patients with multivessel disease, comparing
outcomes for CABG and PCI with everolimus-eluting stents. This study showed that, in
patients with CKD, CABG was associated with a higher short-term risk of death, stroke,
and repeat revascularization, while PCI was associated with a higher long-term risk of
repeat revascularization and myocardial infarction. In the subgroup of patients on dialysis,
the results favored CABG over PCI [116].

6. Secondary Prevention Antithrombotic Drug

To improve the prognosis of patients with CKD, the correct management of antithrom-
botic therapy as a secondary prevention factor is of great importance. Despite huge
improvements in antithrombotic therapy for secondary prevention, the prevalence of CKD
patients within the randomized populations of pivotal clinical studies has been low. In the
PLATO trial, comparing ticagrelor vs. clopidogrel in patients with ACS, the proportion of
CKD patients was only 21.3%, while dialysis was a study exclusion criteria. Similarly, in
the TRITON TIMI 38 trial testing prasugrel vs. clopidogrel in ACS patients, the proportion
of CKD patients was only 15.1%, and patients with CKD stage >4 were rare [117,118].

CKD patients carry both a higher ischemic and bleeding risk [119]. The coagulation
cascade is imbalanced towards more thrombotic activity: the concentration of prothrom-
botic factors including fibrinogen, tissue factor and higher inflammatory milieu increase
the risk of thrombotic complications [120]. The endothelial injuries associated with CKD
also favor the loss of antithrombotic properties [121]. On the other hand, CKD might impair
α-granule release and prostaglandin metabolism, impairing platelet aggregation [122].
Circulating fibrinogen fragments interfere by competitive binding to the glycoprotein
IIb/IIIa receptor, resulting in decreased adhesion and aggregation and increased bleeding
liability [123]. In addition, altered drug metabolism increases plasma concentration and
the risk of antithrombotic overdosing in CKD patients.
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Multiple studies have shown a high platelet reactivity in patients with CKD [124,125].
In the ADAPT-DES registry, authors compared platelet function in patients with and
without CKD, demonstrating that those with CKD had higher platelet reactivity with
a linear relationship to the renal function of platelet function testing [126]. Similarly,
Angiolillo et al. observed that diabetic patients with CKD had markedly elevated platelet
reactivity with a reduced response to the active metabolite of clopidogrel, suggesting altered
P2Y12-mediated signaling [127]. High platelet reactivity with reduced responsiveness to
clopidogrel (the best-studied P2Y12I) resulted in an increase in MACE and ACS in patients
treated with PCI [128,129]. In the CREDO (Clopidogrel for the Reduction of Events During
Observation) trial, the CKD group patients did not show the same benefit in terms of
reduction in death, myocardial infarction, or stroke, with respect to the placebo of the
non-CKD group [130]. The evidence for potent P2Y12i is limited in CKD patients. A
small single-center study enrolling non ST-elevation myocardial infarction patients with
CKD demonstrated significantly lower P2Y12 reaction unit (PRU) values in the group
treated with ticagrelor versus the clopidogrel group [131]. In another small study, prasugrel
demonstrated no difference in the pharmacokinetics and pharmacodynamics of subjects
with CKD in terms of platelet inhibition contrary to clopidogrel [132,133]. A comparison of
three P2Y12Is (ticagrelor, prasugrel and clopidogrel) in CKD patients with ACS undergoing
PCI were available in the subgroup analysis of the two RCTs (TRITON TIMI 38 and
PLATO studies). The TRITON TIMI 38 subgroup analysis included 1490 patients with
a creatinine clearance < 60 mL/min. In this group, the benefit of prasugrel treatment
compared with clopidogrel was similar to that of the overall population without significant
interaction between the treatment groups and the CKD group [117]. The CKD sub-group
of the PLATO trial was composed of 3237 patients who were followed over a mean of
9 months. No interaction was noted between the CKD and treatment groups; this data
suggests a similar net benefit ratio in patients with CKD compared to the normal population
(p = 0.13). On the other hand, all-cause mortality was lower in the ticagrelor group,
with a 36% reduction (3.9 versus 5%; p = 0.01). The results were not significant for non-
CKD patients [134]. The SWEDEHEART registry compared two P2Y12Is (ticagrelor and
clopidogrel) in patients undergoing PCI for ACS and suffering with CKD. The registry
defined two groups: moderate CKD (30–60 mL/min) and severe CKD (<30 mL/min). In the
moderate CKD group, lower rates of death, myocardial infarction, and stroke at the 1-year
follow-up were registered in the ticagrelor group compared with the clopidogrel group
(adjusted HR, 0.82; 95% CI, 0.7–0.97). No benefit was observed for the patients with severe
CKD (adjusted HR, 0.95; 95% CI, 0.69–1.29). Bleeding with the need for hospitalization was
similar between the two groups in the moderate CKD setting (OR, 1.13; 95% CI, 0.84–1.51),
while a trend towards higher bleeding rates was recorded in patients in the severe CKD
group treated with ticagrelor (adjusted HR, 1.79; 95% CI, 1.00–3.21) [135]. The TRILOGY
ACS trial (Targeted Platelet Inhibition to Clarify the Optimal Strategy to Medically Manage
Acute Coronary Syndromes) was a randomized study comparing prasugrel and clopidogrel
over 30 months in combination with aspirin in an ACS medically managed setting. A
prespecified subgroup analysis showed that patients with moderate or severe CKD had
an excessive risk of ischemic and bleeding events, and there were no differences between
prasugrel and clopidogrel in terms of outcome in these subgroups [136].

Dual antiplatelet therapy duration should be selected on a single-patient basis, taking
into consideration clinical characteristics [137,138] and CKD [139]. In a post hoc analysis of
the PRODIGY trial, CKD did not appear as a treatment modifier for DAPT duration with
respect to ischemic events, and longer DAPT was associated with excessive bleeding in
moderate and severe CKD [140]. On the other hand, CKD is included in several risk scores
as a criterium for high ischemic and bleeding risk. In a sub-analysis of the PRECISE-DAPT
population, shorter-term DAPT was associated with improved outcomes for patients that
were considered at higher ischemic and bleeding risk, supporting the concept that when
both ischemic and bleeding risk are high, bleeding risk prevention with shorter-term DAPT
is preferred [141]. Concomitant treatment with proton pump inhibitors while patients
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are on DAPT magnifies the benefit of antithrombotic therapy by limiting gastrointestinal
bleeding [72,142], and should be maintained throughout.

7. VKA/NOAC for Atrial Fibrillation (AF) in Patients with CKD

Atrial fibrillation and CKD have a high prevalence in the adult population, and fre-
quently co-exist in the same patient. Patients with AF and CKD have both thromboembolic
and hemorrhagic risk factors that significantly contribute to elevated mortality and morbid-
ity in this population [143]. This framework particularly concerns the metabolism of the
four currently available NOAC compounds that are all partially excreted by the kidneys:
80% of dabigatran is eliminated thorough renal clearance, while 50%, 35%, and 27% of
edoxaban, rivaroxaban, and apixaban are eliminated this way, respectively. To date, no RCT
has investigated the clinical role of VKA for thromboprophylaxis in AF patients with severe
or end-stage kidney disease and, unfortunately, the main trials with NOACs excluded
patients with an eGFR lower than 30 mL/min. Beyond that, on the basis of pharmacokinetic
analysis, rivaroxaban, apixaban, and edoxaban (but not dabigatran) are approved in Europe
for patients with severe CKD eGFR: 15–29 mL/min) with a reduced dose regimen.

Patients with AF undergoing PCI are an increasingly large group [144] and, in this
specific clinical setting, CKD is a crucial variable to consider to properly tailor antithrom-
botic treatment, as this a major criterion for higher bleeding risk [145]. The AGUSTUS
trial, with a 2 × 2 design, evaluated the safety of apixaban AVK, aspirin, and placebo
in patients with ACS and/or undergoing PCI. Within the study population, eGFR was
>80 mL/min in 30% of patients, >50–80mL/min in 52% of patients, and 30–50 mL/min
for 19% of patients. Patients treated with apixaban—compared with VKA—had a lower
rate of death, hospitalization and bleeding, independent of renal function [146]. Data from
the REDUAL-PCI study are aligned with these results. Patients with AF who had under-
gone PCI were assigned to triple therapy (VKA, aspirin, and clopidogrel or ticagrelor)
or dual therapy with dabigatran (110 mg or 150 mg) and clopidogrel or ticagrelor. Dual
therapy with dabigatran 110 mg, compared with VKA, reduced the risk of major bleeding
events or clinically relevant non-major bleeding events irrespective of eGFR class (p for
interaction = 0.19). Likewise, dual therapy with dabigatran 150 mg reduced the risk of
major bleeding events or clinically relevant non-major bleeding events irrespective of eGFR
class, compared with VKA. No significant differences in the prevention of thromboembolic
events or unplanned revascularization emerged between dual therapy with dabigatran
110 mg or triple therapy, irrespective of eGFR class. Dual therapy with dabigatran 150 mg,
compared with triple therapy, had a similar risk for thromboembolic events or unplanned
revascularization in patients with eGFR from 30 to <80 mL/min, and a lower risk with
eGFR ≥ 80 mL/min (p for interaction = 0.02) [147].

8. Optimal Medical Therapy for CKD

8.1. Hypertension Treatment

Hypertension is the second most important cause of CKD and an independent
risk factor for cardiovascular events [148]. The evidence suggests that blood pressure
(BP) targets should be lowered to <140/90 mmHg with the aim of moving towards
130/80 mmHg [149,150]. The SPRINT trial demonstrated that a more ambitious systolic
BP target < 120 mmHg reduces CV events and all-cause mortality compared to a target
of <140 mmHg [151]. CKD guidelines suggest a combination of renin angiotensin system
(RAS) blockers with calcium channel blockers (CCBs) as a first-choice therapy [152]. Other
therapeutic agents, such as beta-blockers, spironolactone, diuretics (amiloride, thiazide,
thiazide-like diuretics or loop diuretics), and alpha-blockers could be added as second-line
therapy options [153]. Many therapeutic agents should be considered and monitored
carefully for their impact on renal function and potassium levels, especially in patients
with eGFR < 45 mL/min/1.73 m2 and serum potassium levels > 5.0 mmol/L.
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8.2. Lipid Control

According to ESC guidelines, patients with advanced CKD are considered to be
at high or very high risk of cardiovascular disease, with LDL targets of 70 mg/dL and
55 mg/dL, respectively [154]. The KDIGO organization developed practice guidelines
for the management of dyslipidemia in CKD patients in which the use of statins or a
statin/ezetimibe combination was recommended in non-dialysis patients with end-stage
CKD. For dialysis patients who are already on lipid-lowering agents at the time of dialysis
initiation, the continuation of these drugs is recommended, especially in cases where there
is evidence of atherosclerotic cardiovascular disease [155].

The metabolisms of statins are mainly explained by the liver (and minimally by the
kidneys), so dose adjustment with CKD and hemodialysis is not necessary, with the exception
of hydrophilic statins such as pravastatin and rosuvastatin. This particular kind of statin has a
higher risk of myopathy and rhabdomyolysis in CKD patients [156]. For rosuvastatin, a dose
adjustment in non-dialysis severe renal impairment with a starting dose of 5 mg, once daily,
and a maximal recommended dose of 10 mg, once daily, is suggested.

9. Conclusions

The prevalence of patients suffering from both CAD and CKD is high and is likely to
increase in the coming years. Planning adequate management of this group of patients is
crucial to improve their outcome after PCI. This starts with proper preparation before the
procedure, the use of all available means to reduce contrast use during the procedure, and
the implementation of modern strategies such as radial access and drug-eluting stents. At
the end of the procedure, a personalized antithrombotic therapy plan based on patient’s
characteristics is advisable in light of their elevated ischemic and bleeding risk (Figure 1).

Figure 1. Strategies to optimize PCI outcomes in patients with chronic kidney disease.
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Abstract: This study aimed to determine the effect of hospital-acquired functional decline (HAFD)
on prognosis, 1-year post-hospital discharge, of older patients who had undergone cardiac surgery
in seven Japanese hospitals between June 2017 and June 2018. This multicenter prospective cohort
study involved 247 patients with cardiac disease aged ≥65 years. HAFD was defined as a decrease in
the short physical performance battery at hospital discharge compared with before surgery. Primary
outcomes included a composite outcome of frailty severity, total mortality, and cardiovascular
readmission 1-year post-hospital discharge. Secondary outcomes were changes in the total score
and sub-item scores in the Ki-hon Checklist (KCL), assessed pre- and 1-year postoperatively. Poor
prognostic outcomes were observed in 33% of patients, and multivariate analysis identified HAFD
(odds ratio [OR] 3.43, 95% confidence interval [CI] 1.75–6.72, p < 0.001) and low preoperative gait
speed (OR 2.47, 95% CI 1.18–5.17, p = 0.016) as independent predictors of poor prognosis. Patients
with HAFD had significantly worse total KCL scores and subscale scores for instrumental activities
of daily living, mobility, oral function, and depression at 1-year post-hospital discharge. HAFD is a
powerful predictor of prognosis in older patients who have undergone cardiac surgery.

Keywords: outcome assessment; functional decline; cardiovascular disease; cardiac surgery

1. Introduction

It is important to assess the physical function of older cardiac surgical patients before
surgery because poor physical function, which includes preoperative gait speed [1–3],
frailty [4,5], and sarcopenia [6], is an independent poor prognostic factor. In particular, the
gait speed is a simple and powerful assessment of physical function in older adults and is
also used as a diagnostic criterion for frailty and sarcopenia [7–9]. In fact, previous studies
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have demonstrated that there is an association between gait speed and poor short-term
prognosis in patients undergoing coronary artery bypass grafting or valvular surgery,
suggesting that it is a crucial assessment tool in predicting the prognosis of older cardiac
surgical patients [2,3].

Recently, hospital-acquired functional decline (HAFD) has garnered attention as a
novel predictor of poor prognosis for hospitalized older patients. HAFD, which refers to the
functional decline that develops in at least 20–40% of hospitalized older patients, can either
be newly developed or a pre-existent condition that worsened during hospitalization [10–13].
HAFD is assessed by whether pre-hospital activities of daily living (ADL), instrumental
ADL (IADL), or physical function have recovered at discharge, and it is reported to be
related to in-hospital mobility and nutritional intake [11]. HAFD is a powerful poor prog-
nostic predictor for hospitalized older patients [12–15], and the occurrence of HAFD in
older cardiac surgical patients may be a prognostic predictor independent of preoperative
low gait speed. However, the incidence of HAFD in older cardiac surgical patients, and the
effect of HAFD occurrence on prognosis, are unclear.

Therefore, the purpose of this study was to determine the frequency of HAFD in older
cardiac surgical patients and to examine whether the occurrence of HAFD is associated
with a composite poor prognosis (severity of frailty, death, and cardiovascular readmission)
one year after discharge.

2. Materials and Methods

This was a multicenter, prospective cohort study. A total of 281 patients with heart
disease, aged ≥65 years, underwent elective cardiac surgery (coronary artery bypass
graft, valvular disease surgery, or combined surgery) in seven Japanese hospitals between
June 2017 and June 2018. The following exclusion criteria were applied: (1) a diagnosis
of dementia; (2) an inability to walk independently or having bed rest due to severe
preoperative heart failure; (3) in-hospital death; (4) data loss; (5) missing follow-up data.

2.1. Progression of Postoperative Rehabilitation

All patients started rehabilitation, under the guidance of a physiotherapist, the day
after surgery. The postoperative rehabilitation protocol used for this study followed the
Japanese Circulation Society Guidelines for the Rehabilitation of Patients with Cardiovas-
cular Disease [16]. The rehabilitation started with active and passive movements in bed,
with the ADL being extended gradually to sitting on the edge of the bed, standing, walking,
aerobic exercise, and resistance training. Rehabilitation was performed five times per week
for 60 min/day until the day before discharge.

2.2. Clinical Outcomes

The primary outcome included the composite outcomes of the severity of frailty, death,
and cardiovascular readmission one year after hospital discharge. The severity of frailty is
defined as a progression in the frailty category, during the one year after hospital discharge,
compared with the preoperative status. The severity of frailty was assessed using the Kihon
Checklist [17]. The KCL is a questionnaire that consists of 25 questions that can be answered
with a yes/no. Overall scores can be stratified into three levels: robust (0–3 points), pre-frail
(4–7 points), and frail (≥8 points) [18].

The secondary outcome was the change in the total scores and the scores of the
seven domains of the KCL, administered preoperatively and one year postoperatively,
in both groups (HAFD group vs. non-HAFD group). The 25 questions of the KCL are
categorized into seven domains: IADL, mobility, nutrition, oral function, social, cognitive,
and depression, enabling the analysis for each domain. This was important, as it allowed
the problematic domains to be identified.
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2.3. Definition of HAFD

HAFD was defined as a decrease in at least one point on the short physical perfor-
mance battery (SPPB) before discharge compared to the score obtained before cardiac
surgery [12,19]. The SPPB is a highly standardized geriatric physical functioning test that
consists of assessments for balance, gait, strength, and endurance [20], and it is the highest
recommended index in terms of validity, reliability, and responsiveness among the various
physical function assessments used clinically in older adults [21]. Guralnik et al. reported
that a 1-point change in the SPPB score results in a meaningful difference in mortality and
risk of nursing home admission [20], with a minimal clinically important difference of one
point [22]. Since the minimal clinically important difference in older cardiac patients who
undergo rehabilitation during the hospitalization period is approximately one point, the
HAFD in this study was defined as a decrease in the SPPB at discharge of at least one point
from the preoperative level [23,24].

2.4. Clinical Characteristics and Measurements of Physical Function

The age, sex, body mass index (BMI), New York Heart Association cardiac function
classification, comorbidity, and data from previous medical histories, as well as the results
of investigations (left ventricular ejection fraction, hemoglobin, albumin, and estimated
glomerular filtration ratio) were obtained from the medical records. All the preoperative
clinical data were measured or obtained between the day before the surgery and the day of
the surgery. Preoperative frailty was defined as a total KCL score of ≥8 points [18]. Data
regarding surgical procedure, operation time, and intraoperative bleeding were collected
from the surgical records. The postoperative course of the patients was recorded as the
number of days spent in the intensive care unit, the postoperative day on which rehabili-
tation started, the postoperative day on which ambulation started and when ambulation
independence was achieved, and the duration of the hospital stay.

The physical function was assessed using the SPPB, grip strength, and gait speed
before surgery and at discharge. The SPPB was assessed using the SPPB manual [20]. The
grip strength was measured with a Jamar hand grip dynamometer (Nihon Medix, Chiba,
Japan), with the patients seated on a chair, their knees bent at 90◦ flexion, and the forearms
in a neutral position. The gait speed was measured using a 4-m course, with the patients
instructed to walk from the start to finish at their normal pace, while a stopwatch measured
the time it took for them to finish the course. This test was performed twice, and the
shortest time taken was used for the analysis.

The Asian Working Group for Sarcopenia specified the cut-off values for diagnosing
sarcopenia as a grip strength of 26 kg for men, 18 kg for women and a gait speed of
0.8 m/s [8]. Preoperative grip strength and gait speeds below the cut-off values were
defined as “low preoperative gait speed” and “low preoperative grip strength.”

2.5. One-Year Follow-Up Data

One year after discharge from the hospital, follow-up surveys were conducted by mail
to determine patient survival, cardiovascular-related readmissions, and the KCL score.

Statistical Analysis

Continuous variables were expressed as median (interquartile range [IQR]), because
they were not normally distributed, and categorical variables were expressed as number
and percentage. The two groups (HAFD and non-HAFD groups) were compared using
the chi-square test, for categorical covariates, or the Mann–Whitney U-test. A 2-sided
p-value < 0.05 was considered statistically significant. Univariate and multivariate analyses
were used to determine the odds ratio for each factor, to extract factors involved in the
primary outcome of poor prognosis, one year after hospital discharge in an exploratory
manner. To determine the influence of the relationship between the outcomes, variables
with p-values <0.05 in the univariate analysis, and those deemed to be clinically important,
were entered into a multivariate analysis. To avoid collinearity, the correlation coefficients
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between each parameter were determined and confirmed as not highly correlated. In a
sub-analysis examining the interaction between HAFD and low preoperative gait speed,
which increases the risk of poor prognosis, the patients were divided into four groups,
according to HAFD and low preoperative gait speed, and logistic regression analysis was
performed with poor prognosis as the dependent variable. A two-way analysis of variance
was used for the secondary outcome and the change in preoperative and postoperative KCL
scores between the two groups. All analyses were performed using IBM SPSS Statistics for
Windows, Version 21.0 (IBM Corp., Armonk, NY, USA).

3. Results

3.1. Study Population and Incidence of HAFD

Among the 281 patients who were enrolled in the study initially, 34 patients were
excluded, including 2 patients who died in-hospital, 10 patients whose data was lost, and
22 who had missing follow-up data. The baseline demographics and characteristics of
the study population are shown in Tables 1 and 2. By definition, 52 of 247 patients (21%)
experienced HAFD after cardiac surgery.

The HAFD group had a significantly higher percentage of females, higher rates of
chronic obstructive pulmonary disease (COPD), and lower preoperative hemoglobin levels,
as well as grip strength, compared to the non-HAFD group. The HAFD group also had a
significantly lower SPPB at discharge compared to the non-HAFD group.

3.2. Association between HAFD and the Primary Outcome

The primary outcome, poor prognosis, was observed in 82 patients (33%), severity of
frailty in 57 patients (23%), death in four patients (2%), and cardiovascular-related rehospi-
talization in 21 patients (9%). After performing the univariate analysis, the age, sex, BMI,
left ventricular ejection fraction, hemoglobin level, low preoperative gait speed, operative
time, and HAFD were included in the multivariate regression analysis (Table 2). The
results showed that HAFD (OR 3.437, 95% CI 1.756–6.729, p < 0.001), and low preoperative
gait speed (OR 2.477, 95% CI 1.185–5.176, p = 0.016) were associated independently with
poor prognosis.

Figure 1 shows the risk of poor prognosis for the interaction between low preoperative
gait speed and HAFD. The combination of both low preoperative gait speed and HAFD
(OR 12.84, 95% CI 2.61–63.08) showed a greater increase in the incidence of poor prognostic
outcomes compared to low preoperative gait speed (OR 2.14, 95% CI 0.99–4.61) or HAFD
(OR 3.21, 95% CI 1.59–6.50) alone.

Figure 1. The interplay between low preoperative gait speed and HAFD increases the risk of poor
prognosis. OR, odds ratio; HAFD, hospitalization-acquired functional decline.
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Table 1. Patient clinical characteristics.

All
(n = 247)

HAFD Group
(n = 52)

Non-HAFD Group
(n = 195)

p-Value

Age, years 74.0 (69, 79) 75.0 (69, 80) 75.0 (68, 80) 0.231

Sex, female, % (n) 38 (95) 50 (26) 35 (69) 0.040 *

Body mass index, kg/m2 23.1 (21.0, 25.3) 23.1 (19.8, 25.4) 23.6 (21.8, 25.6) 0.222

NYHA class, % (n)
0.568Class I/ Class II/ Class III/

Class IV
38 (94)/52 (129)/9

(21)/1 (3)
44 (23)/46 (24)/10

(5)/0 (0)
37 (71)/54 (105)/8

(16)/1 (3)

LVEF, % 63 (55, 70) 64 (55, 71) 64 (56, 71) 0.640

Comorbidity

Diabetes mellitus, % (n) 34 (84) 44 (23) 31 (61) 0.058

Chronic kidney disease, % (n) 22 (55) 25 (13) 18 (35) 0.323

Chronic heart failure, % (n) 39 (95) 35 (18) 40 (77) 0.631

Chronic obstructive pulmonary
disease, % (%(n) 6 (14) 14 (7) 4 (7) 0.013 *

Cerebrovascular disease, % (n) 15 (32) 14 (7) 13 (25) 0.530

Hemoglobin, g/dL 12.9 (11.6, 14.1) 12.5 (11.6, 13.6) 13.3 (11.7, 14.5) 0.025*

Albumin, g/dl 4.0 (3.7, 4.2) 4.1 (3.8, 4.2) 4.0 (3.7, 4.2) 0.787

eGFR, ml/min/1.73 m2 59.3 (44.3, 70.1) 56.0 (38.6, 65.9) 59.3 (45.7, 70.8) 0.117

Preoperative SPPB score, points 12 (10, 12) 12 (11, 12) 12 (11, 12) 0.199

Postoperative SPPB score, points 12 (10, 12) 10 (9, 11) 12 (11, 12) <0.001 *

Preoperative gait speed, m/s 0.98 (0.83, 1.13) 0.97 (0.82, 1.04) 1.03 (0.88, 1.16) 0.152

Preoperative grip strength, kg 23.7 (17.9, 31.0) 20.2 (16.3, 26.7) 25.0 (18.5, 32.1) 0.002 *

Preoperative frailty, % (n) 25 (61) 29 (15) 24 (46) 0.470

Type of Operation, % (n)

0.441
CABG/Valve surgery/ 26 (64)/32 (80) 27 (14)/31 (16) 26 (50)/33 (64)

Multiple valve surgery/ 23 (56) 17 (9) 24 (47)
CABG + valve surgery 19 (47) 25 (13) 17 (34)

Operation time, min 300 (251, 351) 288 (245, 332) 302 (243, 365) 0.691

Bleeding, mL 570 (320, 1218) 471 (320, 970) 610 (260, 1350) 0.732

Length of ICU stay, days 4.0 (3.0, 5.0) 4.0 (3.0, 5.0) 3.0 (2, 4) 0.142

Postoperative day that
rehabilitation was started, days 1.0 (1.0, 1.0) 1.0 (1.0, 1.0) 1.0 (1, 1) 0.370

Postoperative day that
ambulation was started, days 3.0 (2.0, 4.0) 3.0 (2.0, 4.0) 3.0 (2, 4) 0.229

Postoperative day when
ambulation independence was

achieved, days
5.0 (4.0, 6.3) 5.0 (5.0, 7.0) 5.0 (4, 7) 0.180

Length of hospital stay, days 19.0 (16.0, 25.0) 22.0 (15.0, 27.0) 19.0 (16, 24) 0.132

Note. HAFD, hospital-acquired functional decline; LVEF, left ventricular ejection fraction; NYHA, New York
Heart Association; eGFR, estimated glomerular filtration ratio; SPPB, short physical performance battery; CABG,
coronary arterial bypass graft; ICU, intensive care unit. Values are presented as median (interquartile range) or n
(%). * p < 0.05.
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Table 2. Predictors of all-cause mortality, readmission, and frailty severity, according to the univariate
and multivariate regression analyses.

Univariate Analysis Multivariate Analysis

OR 95% CI p-Value OR 95% CI p-Value

Age (every 1-year increase) 1.035 0.989 1.084 0.137 1.027 0.975 1.082 0.317
Female 1.153 0.670 1.986 0.607 1.173 0.609 2.256 0.634

BMI (every 1-kg/m2 increase) 0.966 0.895 1.043 0.378 1.002 0.917 1.095 0.964
NYHA class ≥ III (every degree increase) 1.529 0.648 3.610 0.333

LVEF (every 1% increase) 0.977 0.957 0.998 0.031 * 0.982 0.959 1.005 0.129
Diabetes mellitus 1.220 0.700 2.127 0.483

CKD 1.448 0.755 2.778 0.266
Hemoglobin 0.805 0.687 0.942 0.007 * 0.847 0.701 1.023 0.085

Albumin 0.670 0.349 1.285 0.228
Low preoperative gait speed 2.318 1.200 4.479 0.012 * 2.477 1.185 5.176 0.016 *

Low preoperative grip strength 1.046 0.598 1.828 0.875
Preoperative SPPB score 0.937 0.816 1.077 0.361

Bleeding 1.000 1.000 1.000 0.357
Operative time 1.003 1.000 1.006 0.093 1.004 1.000 1.007 0.051

Postoperative ICU stay 1.120 0.980 1.282 0.097
Postoperative hospital stay 0.994 0.967 1.023 0.690

Hospital-acquired functional decline 3.467 1.842 6.528 <0.001 ** 3.437 1.756 6.729 <0.001 **

Note. BMI, body mass index; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; CKD,
chronic kidney disease; SPPB, short physical performance battery; ICU, intensive care unit; OR, odds ratio; CI,
confidence interval. * p < 0.05; ** p < 0.001.

3.3. Changes in the Kihon Checklist Score among the HAFD and Non-HAFD Groups

Figure 2 show the changes in the KCL score in the HAFD and non-HAFD groups
before surgery and one year after hospital discharge. The two groups showed a significant
main effect and an interaction between the two groups on the total KCL scores (F = 10.55,
p < 0.001) and IADL (F = 4.29, p < 0.05), mobility (F = 10.44, p < 0.001), oral function (F = 7.27,
p < 0.01), and depression (F = 6.11, p < 0.05).

Figure 2. Changes in the Kihon Checklist score between the HAFD and non-HAFD groups. HAFD,
hospitalization-acquired functional decline; KCL, Kihon Checklist; IADL, instrumental activities of
daily living; Pre-op, preoperative; Post 1y, 1 year post hospital discharge. ** p < 0.01, * p < 0.05.

4. Discussion

This study clarified the effect of HAFD on poor prognosis, one year after discharge,
in older cardiac surgical patients. To the best of our knowledge, this is the first study to
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report on older cardiac surgical patients who have undergone standard open-heart surgery,
although there have been previous studies on patients who have undergone minimally
invasive transcatheter aortic valve implantation [12].

We found that the incidence of HAFD in older cardiac surgery patients was 21%. This
was consistent with the findings of previous studies that reported that the incidence of
HAFD was approximately 20–40% [10–12]. HAFD has also been shown to be related to in-
hospital mobility, nutrition intake, and continence care, as well as to the length of hospital
stay and the condition of the patient before hospitalization [11]. In this study, we found
a significantly higher proportion of patients with COPD, significantly lower hemoglobin
levels, and preoperative grip strength, as well as a higher proportion of females in the
HAFD group compared to the non-HAFD group. It has been reported that patients with
COPD, and those with a low preoperative forced expiratory volume in one second, had a
prolonged duration of postoperative ventilator use, a higher incidence of postoperative
respiratory complications, and in-hospital mortality [25,26]. Preoperative abnormalities
in lung function, due to COPD, may delay the recovery of physical function after surgery.
A recent meta-analysis of studies concluded that preoperative anemia was associated
with poor outcomes after surgery [27]. Since preoperative anemia was associated with an
increased amount of red blood cell transfusions [27], we speculated that the high degree of
postoperative anemia was associated with a lower rate of physical inactivity and a higher
incidence of HAFD. Although there was no significant difference in the progression of
postoperative rehabilitation between the HAFD and non-HAFD groups, we speculated
that the HAFD group tended to have a lower preoperative reserve capacity and did not
fully recover their physical function at the time of discharge from the hospital due to the
surgical invasion.

The total KCL score in the HAFD group, one year after discharge, was significantly
higher than both the preoperative scores and that of the non-HAFD group, which was
interpreted as an increase in the severity of frailty. The total KCL score of the HAFD
group one year after discharge was 7.7 points, and considering that a total score of eight
points or more corresponds to frailty [18], many in the HAFD group were likely to be
in a frail state. A higher total KCL score has been associated with increased mortality
and a higher risk of requiring long-term care insurance services [18,28–30]. In particular,
increases in the severity of frailty stratification scores have been found to be associated with
increases in the mortality rate [31] and in the rate of new forms of long-term care service
and support required [18]. Recently, a large multicenter study reported that multifaceted
frailty (physical/social/cognitive), in older patients with cardiac disease, increased the risk
of readmission and death [32]. An increase in the severity of frailty has also been shown
to substantially increase healthcare costs [33,34] with major effects on society, including
further poor prognosis and more healthcare professionals required to care for these patients.
Therefore, the selection of frailty severity as a clinical outcome in this study, in addition to
death and rehospitalization, appears to be an important and appropriate outcome measure
of poor prognosis.

The KCL subtests of mobility, IADL, oral function, and depression were scored higher
than the preoperative and non-HAFD groups. The occurrence of HAFD indicated that
mobility had not recovered, even after 1 year of discharge, suggesting that the decline in
motor function may have caused IADL and depression. In our study, 33% of patients had
a poor prognosis. For example, Govers et al. reported that 38% of older cardiac surgical
patients (aged 65–79 years) had decreased ADL scores one year after discharge [35], which
was similar to previous studies.

HAFD was the most relevant predictor for poor prognosis one year after discharge. In
previous studies, gait speed has been used, clinically, as an important prognostic predictor
after cardiac surgery [1,2]. A previous multicenter study also reported that preoperative
walking speed was an important predictor for postoperative functional recovery [36]. In
the present study, preoperative gait speed was also identified as an independent predictor
for poor prognosis in the multivariate analysis. However, in the present study, HAFD
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was found to be a more powerful predictor than the preoperative gait speed. This finding
indicated that, even if the gait speed was normal preoperatively, the prognosis worsened
when HAFD occurred postoperatively. Therefore, a prognostic prediction that considered
the degree of recovery of physical function after surgery is important. Furthermore, con-
sidering that the prognosis of poor outcome is 12 times higher when low preoperative
gait speed and HAFD occurred together (compared to no low preoperative gait speed or
HAFD), the evaluation of HAFD is important in clinical practice.

In recent years, the advances in surgical techniques have expanded the scope of
surgery to include older and severely ill patients, while acute care hospitals have shortened
the length of hospital stays. Therefore, the number of patients with HAFD is expected to
increase in the future, making the findings of this study significant. When considering
surgical treatment for older patients, HAFD should be considered, and physical function
should be monitored regularly by physiotherapists and nurses before and after surgery.
Simple exercise (walking and chair stand) has been reported to reduce HAFD [37]. For
patients with delayed recovery of postoperative physical function, the occurrence of HAFD
may be prevented with an active improvement of physical activity and the incorporation
of programs to increase the physical function in postoperative care.

Limitations

First, the sample size was small. Moreover, a number of patients in each group did
not respond to the post-discharge survey, which may have affected the post-discharge
survey results. While the first author did not participate in data analysis, the co-authors
participated in the measurements at each site, so the possibility that they had some influence
on the results cannot be ruled out completely. The median preoperative SPPB of patients
in this study was 12 points, and many had a high preoperative physical function. In
addition, the KCL is a self-administered questionnaire, and patients with obvious dementia
before surgery were excluded from the study. Therefore, the results of this study are
biased toward older cardiac surgery patients whose physical and cognitive functions are
relatively well preserved. In addition, since this study aimed to investigate the composite
outcome one year post-hospital discharge, the speed of occurrence of the outcomes of death
and readmission was not examined. Further studies are required to examine the timing
concerning the occurrence of disability in future. Furthermore, this study did not address
the cause of HAFD. In the future, it is necessary to examine factors, such as delirium, that
lead to HAFD. Finally, this study was carried out in Japan. Thus, the results of this study
may not be applicable to patients from other countries.

5. Conclusions

HAFD occurred in 21% of older cardiac surgical patients and was an independent
predictor for poor prognosis one year postoperatively. More importantly, HAFD was a
more powerful prognostic predictor than low preoperative gait speed, and the combination
of low preoperative gait speed and the occurrence of HAFD increased the odds ratio 12-fold.
Since HAFD was the most relevant prognostic predictor in older cardiac surgical patients,
the prognosis should include both preoperative and postoperative functional recovery.
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Abstract: Background: This paper aims to evaluate the concordance between the Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) formula and alternative equations and to assess their
predictive power for all-cause mortality in unselected patients discharged alive from a cardiology
ward. Methods: We retrospectively included patients admitted to our Cardiology Division indepen-
dently of their diagnosis. The total population was classified according to Kidney Disease: Improving
Global Outcomes (KDIGO) categories, as follows: G1 (estimated glomerular filtration rate (eGFR)
≥90 mL/min/1.73 m2); G2 (eGFR 89–60 mL/min/1.73 m2); G3a (eGFR 59–45 mL/min/1.73 m2); G3b
(eGFR 44–30 mL/min/1.73 m2); G4 (eGFR 29–15 mL/min/1.73 m2); G5 (eGFR <15 mL/min/1.73 m2).
Cockcroft-Gault (CG), CG adjusted for body surface area (CG-BSA), Modification of Diet in Renal
Disease (MDRD), Berlin Initiative Study (BIS-1), and Full Age Spectrum (FAS) equations were also
assessed. Results: A total of 806 patients were included. Good agreement was found between the
CKD-EPI formula and CG-BSA, MDRD, BIS-1, and FAS equations. In subjects younger than 65 years
or aged ≥85 years, CKD-EPI and MDRD showed the highest agreement (Cohen’s kappa (K) 0.881 and
0.588, respectively) while CG showed the lowest. After a median follow-up of 407 days, overall mor-
tality was 8.2%. The risk of death was higher in lower eGFR classes (G3b HR4.35; 95%CI 1.05–17.80;
G4 HR7.13; 95%CI 1.63–31.23; G5 HR25.91; 95%CI 6.63–101.21). The discriminant capability of death
prediction tested with ROC curves showed the best results for BIS-1 and FAS equations. Conclusion:
In our cohort, the concordance between CKD-EPI and other equations decreased with age, with the
MDRD formula showing the best agreement in both younger and older patients. Overall, mortality
rates increased with the renal function decreasing. In patients aged ≥75 years, the best discriminant
capability for death prediction was found for BIS-1 and FAS equations.

Keywords: chronic kidney disease; glomerular filtration rate; CKD-EPI; elderly; cardiovascular disease

1. Introduction

Chronic kidney disease (CKD) is defined as kidney damage lasting for at least 3 months,
with or without a decrease in Glomerular Filtration Rate (GFR), and assessed by circulating
markers of kidney damage or renal biopsy, or as a reduction in GFR <60 mL/min per
1.73 m2 for 3 months, with or without kidney damage [1,2]. CKD is a frequent condition
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among hospitalized patients due to its close association with increasing age and various
co-morbidities. This relation is particularly strong in patients with cardiovascular diseases
(CVD), including acute and chronic coronary syndrome (ACS and CCS), heart failure (HF),
or atrial fibrillation (AF) [3–19]. Several studies emphasized the bidirectional relation
between renal function and cardiovascular outcomes [5,20–22] as CVD is responsible for
40–50% of all deaths in nephropathic patients [5,23,24], and CKD, even in early stages,
has been related to fatal and nonfatal cardiovascular events, regardless of traditional car-
diovascular risk factors [25–32]. Thus, an accurate assessment of renal function is crucial
in clinical decision-making processes and may affect prognostic stratification. Since the
diagnostic standard to directly measure GFR (inulin clearance) is not easily practicable in
daily clinical life, several formulas have been proposed to estimate GFR. In 1976, Cockcroft
and Gault (CG) analyzed data from 249 patients (96% male) and developed a simple for-
mula to estimate creatinine clearance (CCr) from serum creatinine (SCr) [33]. To reduce
shortcomings, Rostoker et al. [34] proposed a modified CG formula adjusted for body
surface area (CG-BSA). However, BSA indexation per se might be misleading in individuals
with extreme BMI. More recently, the Modification of Diet in Renal Disease (MDRD) study,
a multi-center trial based on a sample of 1628 patients with CKD, published a simplified
4-variables equation (age, gender, SCr, race) [35,36]. Since the MDRD equation tends to
underestimate renal function in healthy individuals, in 2009, the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) proposed a new equation that resulted in more
accurate values for higher eGFR [37]. Remarkably, none of these formulas was developed
in geriatric populations, and their reliability in estimating GFR in the elderly has been ques-
tioned [38,39]. In 2012, a new formula was developed by Berlin Initiative Study (BIS-1) and
validated in a population-based cohort study of subjects >70 years [40]. Even more recently,
the Full Age Spectrum (FAS) formula for GFR estimation was derived and validated by
Pottel et al. to be used across the full age spectrum [41–44]. Because SCr is influenced by
several variables—creatinine filtration [45], variations in tubular secretion [46,47], muscle
mass [48,49], diet [50]—the estimation of GFR based on SCr is recommended and widely
used for the initial assessment of renal function [51]. Actually, the latest Clinical Practice
Guidelines delivered by the Kidney Disease: Improving Global Outcomes (KDIGO) group
recommend the use of the CKD-EPI equation for CKD assessment and management [1,31].
The aim of our study was to assess the concordance between the CKD-EPI formula and the
above-mentioned different equations in a real-world, unselected population admitted to
our Cardiology Division. In addition, we aimed to evaluate how these different formulas
perform in terms of all-cause mortality prediction.

2. Materials and Methods

We retrospectively reviewed patients consecutively admitted to the Cardiology De-
partment of the Modena University Hospital during a 6-month period, between January
and October 2016.

Patients were qualified independently of the type of CVD and according to the diagno-
sis at discharge. Selected patients received a diagnosis of acute coronary syndrome (ACS),
chronic coronary syndrome (CCS), acute or chronic heart failure (HF), atrial fibrillation (AF),
or other arrhythmias. Other diagnoses were classified as miscellaneous. Chronic coronary
syndromes were defined as a history of prior ACS, including ST-segment elevation my-
ocardial infarction, non-ST-segment elevation myocardial infarction, unstable angina, or a
previous percutaneous or surgical revascularization. Valvular heart disease was considered
when at least moderate valvular regurgitation or stenosis was the reason for hospitalization.
Dyslipidemia was defined by a history of hypercholesterolemia, hypertriglyceridemia, or
mixed hyperlipemia on diet or pharmacological therapy. A smoking habit was considered
as present if a patient was a former or current smoker.

Parameters of interest were collected from the last available assessment before hospital
discharge and included individual cardiac risk factors, serum creatinine, body height,
and weight. Estimated GFR was then individually calculated according to the CKD-
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EPI formula and the study population was classified according to the five KDIGO cat-
egories [1] as follows: G1 (eGFR ≥90 mL/min/1.73 m2); G2 (eGFR between 89 and
60 mL/min/1.73 m2); G3a (eGFR between 59 and 45 mL/min/1.73 m2); G3b (eGFR be-
tween 44 and 30 mL/min/1.73 m2); G4 (eGFR between 29 and 15 mL/min/1.73 m2); G5
(eGFR <15 mL/min/1.73 m2).

Furthermore, estimated GFR was individually assessed using CG, CG-BSA, MDRD,
BIS-1, and FAS equations.

For the purpose of the present analysis, we included patients alive at the time of dis-
charge and living in our geographical region. Patients who died during the in-hospital stay
or with missing follow-up data were not included. No other exclusion criteria were applied.

All data were collected from Hospital Information System, and follow-up data were
updated on the basis of ISTAT (Italian National Institute of Statistics, Rome, Italy) death
notifications in which the status of all Italian citizens is complete and constantly updated.

2.1. Endpoint

The aim of our study was to assess the concordance between the CKD-EPI formula
(reference) and the above-mentioned five equations. Moreover, we aimed to evaluate
how these different formulas perform in predicting all-cause mortality compared to the
CKD-EPI equation.

The study was approved by the local ethics committee, and the research was performed
in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and
its later amendments. Informed consent was obtained from all the subjects involved in
the study.

2.2. Statistical Analysis

Continuous variables, when not-normally distributed, were reported as median
[interquartile range (IQR)], and among groups, comparisons were made using a non-
parametric analysis of variance (Kruskal-Wallis test). Categorical variables were reported
as percentages, among groups, comparisons were made using χ2 or Fisher exact tests if any
expected cell count was less than five.

Weighted Cohen’s kappa coefficient was used to assess the agreement in the classifica-
tion of patients among KDIGO categories of eGFR with the six equations used for eGFR.
Concordance was defined as follows: K < 0.20 poor; 0.20–0.40 modest; 0.41–0.60 moderate;
0.61–0.80 good; >0.80 excellent [52]. Moreover, to evaluate if each formula tends to over-or
under-estimate the GFR when compared with CKD-EPI, we plotted the difference between
CKD-EPI and the value of each formula against the CKD-EPI. We did not perform the same
analysis for the CG formula because it measures creatinine clearance and not GFR.

Kaplan-Meier curves for survival according to CKD-EPI groups were performed and
then compared using the log-rank test. A multivariable Cox regression analysis adjusted
for age, gender, and diagnosis at discharge was also built to evaluate the effect of CKD-EPI
groups on mortality.

The relationship between eGFR and death prediction was evaluated through the area
under the curves (AUCs) of the receiver operating characteristic (ROC) curves for every
eGFR formula, and ROC curves were then compared according to the De Long method [53].

Considering the CKD-EPI equation as a reference (cut-off value 60 mL/min/1.73 m2),
prediction model performance was assessed using the measure of model reclassification
(Integrated Discrimination Improvement [IDI]) [54], matching one-on-one the result of
every equation against the CKD-EPI formula.

All statistical analyses were performed using SPSS 23.0 (SPSS Statistics for Mac, Version
(Armonk, NY, USA: IBM Corp) and R version 3.5.0 ((R Core Team, Vienna, Austria, (2021).
R: A language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria, URL https://www.R-project.org/, accessed on 10 August
2021) with the package PredictABEL [55].
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3. Results

A total of 806 patients were included in the present study (median age 71 years
(IQR 61–79); 510 (63.3%) males), with a median follow-up of 407 days. The 20 patients who
died during the in-hospital stay were excluded. The total cohort was grouped according to
KDIGO classes of renal function, and its characteristics are summarized in Table 1.

Table 1. Patients’ clinical characteristics according to KDIGO classes.

KDIGO Categories According to CKD-EPI eGFR (mL/min/1.73 m2)

Overall
(n = 806)

G1
eGFR ≥ 90

(n = 203)

G2
eGFR 89–60

(n = 368)

G3a
eGFR 59–45

(n = 99)

G3b
eGFR 44–30

(n = 78)

G4
eGFR 29–15

(n = 38)

G5
eGFR < 15

(n = 20)
p

Clinical features

F-U days,
median (IQR) 407 (284–473) 430 (365–478) 414 (277–478) 382 (269–474) 330 (243–433) 325 (223–359) 283 (145–378) <0.001

Males, n (%) 510 (63.3) 137 (67.5) 247 (67.1) 56 (56.6) 37 (47.4) 21 (55.3) 12 (60) 0.009
Age, yrs median

(IQR) 71 (61–79) 58 (50–65) 73 (66–79) 77 (72–83) 81 (76–85) 83 (80–86) 63 (58–71) <0.001

Hypertension,
n (%) 551 (68.4) 105 (51.7) 258 (70.1) 84 (84.8) 63 (80.8) 32 (84.2) 9 (45) <0.001

Diabetes, n (%) 198 (24.6) 41 (20.2) 84 (22.8) 33 (33.3) 24 (30.8) 12 (31.6) 4 (20) 0.086
Dyslipidemia,

n (%) 414 (51.4) 95 (46.8) 203 (55.2) 57 (57.6) 38 (48.7) 15 (39.5) 6 (30) 0.044

Smoking, n (%) 220 (27.3) 78 (38.4) 101 (27.4) 21 (21.2) 10 (12.8) 5 (13.2) 5 (25) <0.001
Family history of

CVD, n (%) 108 (13.4) 48 (23.6) 45 (12.2) 6 (6.1) 6 (7.7) 0 3 (15) <0.001

History of CKD,
n (%) 107 (13.3) 0 10 (2.7) 20 (20.2) 37 (47.4) 22 (57.9) 18 (90) <0.001

BMI, median
(IQR) 26.6 (24–29.4) 26.7

(23.7–30.1)
26.6

(24.2–29.4)
26.8

(23.6–29.3) 27 (23.4–30.8) 25.5
(23.5–27.8)

25.7
(21.2–29.9) 0.690

SCr mg/dl
median (IQR)

0.94
(0.71–1.20)

0.71
(0.62–0.86)

0.91
(0.82–1.03)

1.20
(1.01–1.33)

1.50
(1.32–1.71)

2.21
(2.01–2.52)

5.85
(4.31–7.02) <0.001

Age groups <0.001

Age < 65 yrs,
n (%) 241 (29.9) 149 (73.4) 64 (17.4) 9 (9.1) 6 (7.7) 2 (5.3) 11 (55)

Age 65–74 yrs,
n (%) 221 (27.4) 47 (23.2) 134 (36.4) 22 (22.2) 10 (12.8) 3 (7.9) 5 (25)

Age 75–84 yrs,
n (%) 258 (32) 7 (3.4) 142 (38.6) 52 (52.5) 37 (47.4) 17 (44.7) 3 (15)

Age ≥ 85 yrs,
n (%) 86 (10.7) 0 28 (7.6) 16 (16.2) 25 (32.1) 16 (42.1) 1 (5)

Diagnosis at
discharge <0.001

CCS n (%) 108 (13.4) 37 (18.2) 48 (13) 13 (13.1) 6 (7.7) 2 (5.3) 2 (10)
ACS n (%) 345 (42.8) 102 (50.2) 163 (44.3) 35 (35.4) 24 (30.8) 9 (23.7) 12 (60)
HF n (%) 110 (13.6) 13 (6.4) 38 (10.3) 21 (21.2) 27 (34.6) 8 (21.1) 3 (15)

VHD n (%) 17 (2.1) 1 (0.5) 9 (2.5) 4 (4) 3 (3.8) 0 0
AF n (%) 14 (1.7) 2 (1) 6 (1.6) 1 (1) 1 (1.3) 4 (10.5) 0

Other
arrhythmias

n (%)
127 (15.8) 23 (11.4) 61 (16.6) 18 (18.2) 14 (17.9) 9 (23.7) 2 (10)

Miscellaneous
n (%) 85 (10.5) 25 (12.3) 43 (11.7) 7 (7.1) 3 (3.8) 6 (15.8) 1 (5)

Outcome

Deaths n (%) 66 (8.2) 3 (1.5) 18 (4.9) 11 (11.1) 15 (19.2) 11 (28.9) 8 (40) <0.001

Legend: AF: atrial fibrillation; ACS: acute coronary syndrome; BMI: body mass index; CCS: chronic coronary
disease; CKD: chronic kidney disease; CVD: cardiovascular disease; F-U: follow-up; HF: heart failure; IQR:
interquartile range; SCr: serum creatinine; VHD: valvular heart disease; yrs: years.

The population characteristics according to age groups are shown in Supplementary
Table S1. Patients were discharged with the following diagnosis: ACS (42.8%), CCS (13.4%),
HF (13.6%), VHD (2.1%), AF (1.7%), other arrhythmias (15.8%), and other causes (10.5%).
CCS and ACS were more common in patients younger than 75 years (76 (16.5%) in patients
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<75 years vs. 32 (9.3%) in those ≥75 years for CCS (p = 0.003); 226 (48.9%) in patients
<75 years vs. 119 (34.6%) ≥75 years for ACS (p < 0.001)), while HF and arrhythmias other
than AF were more frequent in older ages (39 (8.4%) in patients <75 years vs. 69 (20.1%)
in patients ≥75 years, for HF (p < 0.001); 51 (11%) in patients <75 years vs. 76 (22.1%)
in patients ≥75 years, for other arrhythmias (p < 0.001)). Renal function, as assessed
by all the equations considered, significantly decreased over increasing age groups (see
Supplementary Table S1).

3.1. eGFR with CG, CG-BSA, MDRD, CKD-EPI, BIS1 and FAS Equations, Concordance Analysis

Using Cohen’s weighted K test for the concordance of attribution to each class of eGFR
and considering the CKD-EPI equation as the reference method, we found good agreement
between CKD-EPI and CG-BSA, MDRD, BIS-1, and FAS formulas (weighted K coefficient
0.659, 0.751, 0.660 and 0.663, respectively) and moderate agreement with CG equation
(weighted K coefficient 0.535) (Table 2).

Table 2. Concordance in head-to-head comparison among formulas estimating GFR according to
weighted Cohen’s kappa coefficients [K (95% CI)]. Concordance was defined as follows: K < 0.20 poor;
0.20–0.40 modest; 0.41–0.60 moderate; 0.61–0.80 good; >0.80 excellent. We show comparisons with
moderate concordance in bold, in italicization with good concordance, in bold and italics those with
excellent concordance.

CG CG-BSA MDRD BIS-1 FAS

CKD-EPI 0.535
(0.699–0.761)

0.659
(0.575–0.743)

0.751
(0.651–0.851)

0.660
(0.560–0.760)

0.663
(0.563–0.763)

CG 0.717
(0.650–0.783)

0.460
(0.393–0.527)

0.514
(0.447–0.581)

0.505
(0.438–0.572)

CG-BSA 0.499
(0.432–0.566)

0.732
(0.665–0.799)

0.739
(0.672–0.806)

MDRD 0.477
(0.410–0.544)

0.470
(0.403–0.537)

BIS-1 0.896
(0.829–0.962)

Legend: CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; CG: Cockcroft-Gault; CG-BSA: CG
adjusted for body surface area; MDRD: The Modification of Diet in Renal Disease; BIS-1: Berlin Initiative Study;
FAS: Full age spectrum. We show comparisons with moderate concordance in bold, in italicization with good
concordance, in bold and italics those with excellent concordance.

When performing the concordance analysis among age groups (Table 3), using CKD-EPI
as the reference, the highest agreement was found between the CKD-EPI and MDRD, particu-
larly in the age group <65 years (weighted K coefficient 0.881). In patients aged ≥ 85 years,
MDRD and BIS1 showed the best agreement with CKD-EPI (weighted K coefficient 0.588
and 0.568, respectively) compared to other equations. The agreement between attributions
based on CKD-EPI and CG was moderate in all age groups. As shown in Table 3, an inverse
relationship was observed between concordance and age, with the weighted K coefficient
consistently decreasing with increasing age.

Of note, compared to CKD-EPI, all formulas overestimated the renal function for GFR
values higher than 100 mL/min/m2 (Supplementary Figures S1–S4). Under this cut-off,
MDRD and BIS-1 showed a better concordance compared to CKD-EPI (Supplementary
Figure S2 and Figure S3, respectively). The FAS equation overestimated renal function for
extreme values (under 15 mL/min/m2 and above 100 mL/min/m2) and underestimated
values in the middle range (Supplementary Figure S4).
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Table 3. Concordance of eGFR evaluated with Cohen’s weighted K test assessed by different equa-
tions among age groups. Concordance was defined as follows: K < 0.20 poor; 0.20–0.40 modest;
0.41–0.60 moderate; 0.61–0.80 good; >0.80 excellent. Comparisons with moderate concordance are
labeled with (*), the ones with good concordance with (**), and the ones with excellent concordance
with (***).

CG CG-BSA MDRD BIS-1 FAS

CKD-EPI in pts <65 y 0.523 (0.456–0.589) * 0.762 (0.695–0.829) * 0.881 (0.814–0.947) *** 0.688 (0.621–0.754) ** 0.747 (0.680–0.814) **
CKD-EPI in pts 65–74 y 0.396 (0.329–0.462) 0.727 (0.660–0.793) ** 0.717 (0.650–0.784) ** 0.646 (0.579–0.712) ** 0.671 (0.604–0.738)**
CKD-EPI in pts 75–84 y 0.486 (0.410–0.553) * 0.512 (0.445–0.578) * 0.652 (0.585–0.719) ** 0.557 (0.490–0.623) * 0.560 (0.593–0.627) *
CKD-EPI in pts ≥85 y 0.413 (0.346–0.480) * 0.350 (0.283–0.417) 0.588 (0.501–0.635) * 0.568 (0.501–0.634) * 0.422 (0.355–0.489) *

Legend: CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; CG: Cockcroft-Gault; CG-BSA: CG
adjusted for body surface area; MDRD: The Modification of Diet in Renal Disease; BIS-1: Berlin Initiative Study;
FAS: Full age spectrum; y: years.

3.2. Survival Analysis

During a median follow-up of 407 days (IQR 284–473), overall mortality was 8.2%
(66 deaths). There were 3 deaths (1.5%) in the CKD-EPI group G1, 18 (4.9%) in G2,
11 (11.1%) in G3a, 15 (19.2%) in G3b, 11 (28.9%) in G4, and 8 (40%) in G5 (p for trend < 0.0001).

As highlighted in Kaplan-Meier curves of survival according to KDIGO stages (Figure 1),
patients with advanced CKD had the worst survival rates compared to those with early
stages of CKD (Log Rank test, p < 0.0001).

Figure 1. Kaplan-Meier curve of survival according to stages of renal function (eGFR with CKD-EPI
equation). Note that the hazard ratio for each group was adjusted for age, sex, and diagnosis at
discharge. Legend: Chronic Kidney Disease Epidemiology Collaboration; CG: Cockcroft-Gault;
CG-BSA: CG adjusted for body surface area; MDRD: The Modification of Diet in Renal Disease; BIS-1:
Berlin Initiative Study; FAS: Full age spectrum.

The multivariable Cox regression analysis, adjusted for age, gender, and diagnosis
at discharge, showed a significant increase in mortality for decreasing eGFR values; the
KDIGO class G5 had an almost 25-fold increased risk in mortality compared to KDIGO
class G1 (HR 25.91; 95% CI, 6.63–101.21, p < 0.0001) (Figure 1).

According to AUCs of the ROC curves, the best discriminant capability for death
prediction was found for BIS-1 (AUC = 0.782; 95% CI 0.752–0.810) followed by FAS
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(AUC = 0.776; 95% CI 0.746–0.804), CG-BSA equation (AUC = 0.779; 95%CI 0.748–0.807),
CG (AUC = 0.778; 95%CI 0.747–0.806), CKD-EPI (AUC = 0.769; 95%CI 0.738–0.797), and
MDRD (AUC = 0.750; 95%CI 0.719–0.780) (Figure 2). A pairwise comparison of ROC curves
shows that BIS-1 and FAS formulas perform significantly better compared with CKD-EPI
(p = 0.035 and p = 0.001, respectively) while MDRD is significantly worst (p = 0.005). More-
over CG-BSA, BIS-1 and FAS are significantly better than MDRD (respectively, p = 0.028,
p = 0.001, and p = 0.001). When matched, BIS-1 and FAS are significantly different (p = 0.005).
Other comparisons of AUC’s do not reach statistical significance.

Figure 2. ROC curves and AUCs for death prediction according to eGFR values with different
equations of eGFR in the whole cohort. The table below reports p-values of each formula compared
with CKD-EPI considered as reference. Legend: BIS-1: Berlin Initiative Study; CKD-EPI: Chronic
Kidney Disease Epidemiology Collaboration; CG: Cockcroft-Gault; CG-BSA: CG adjusted for body
surface area; FAS: Full age spectrum; MDRD: The Modification of Diet in Renal Disease.

BIS-1 and FAS, when compared with CKD-EPI, IDI is significantly different in the
whole group of patients as well as in patients ≥75 years (Table 4), giving a better discrimi-
nation power of about 1.5% in the whole cohort and about 3% in older (≥75 years) patients.

Table 4. Summary of risk classification of eGFR equations by means of different tests.

Whole Population (n 806)

Deaths n (%) HR (95% CI) AUC p IDI% p

CKD-EPI <60 mL/min/1.73 m2 45 (68.2) 3.97 (2.24–7.04) 0.769 ref ref NA

CG <60 mL/min 50 (75.8) 4.62 (2.40–8.91) 0.778 0.479 −0.23
(−1.54–1.08) 0.733

CG-BSA <60 mL/min/1.73 m2 49 (74.2) 3.30 (1.72–6.32) 0.779 0.256 0.54 (−0.8–1.88) 0.431

MDRD <60 mL/min/1.73 m2 41 (62.1) 3.82 (2.22–6.59) 0.750 0.005
−0.43

(−1.14–0.28) 0.232

BIS-1 <60 mL/min/1.73 m2 51 (77.3) 3.43 (1.75–6.71) 0.782 0.035 1.63 (0.51–2.75) 0.004

FAS <60 mL/min/1.73 m2 51 (77.3) 3.70 (1.90–7.17) 0.776 0.001 1.40 (0.28–2.51) 0.014
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Table 4. Cont.

Patients aged ≥75 years (n 344)

Deaths n (%) HR (95% CI) AUC p IDI% p

CKD-EPI <60 mL/min/1.73 m2 36 (76.6) 3.18 (1.58–6.40) 0.705 ref ref NA

CG <60 mL/min 42 (89.4) 4.61 (1.78–11.96) 0.725 0.261 0.79 (−0.89–2.47) 0.358

CG-BSA <60 mL/min/1.73 m2 41 (87.2) 2.69 (1.11–6.51) 0.717 0.255 0.94 (−0.93–2.81) 0.326

MDRD <60 mL/min/1.73 m2 32 (68.1) 2.84 (1.49–5.42) 0.698 0.023 −0.82
(−1.92–0.28) 0.145

BIS-1 <60 mL/min/1.73 m2 41 (87.2) 2.30 (0.95–5.57) 0.707 0.553 3.26 (1.65–4.87) <0.001

FAS <60 mL/min/1.73 m2 41 (87.2) 2.67 (1.10–6.51) 0.706 0.692 2.73 (1.16–4.31) <0.001

Legend: AUC: area under the curve; BIS-1: Berlin Initiative Study; CG: Cockcroft-Gault; CG-BSA: CG adjusted
for body surface area; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration; FAS: full age spectrum;
HR: hazard ratio; IDI: integrated discrimination improvement; MDRD: The Modification of Diet in Renal Dis-
ease. Statistical significance is highlighted in bold. Note that AUC was calculated considering the variables as
continuous ones.

4. Discussion

The main findings of our study are that the concordance between CKD-EPI and other
equations decreases with age, with the best agreement highlighted for the MDRD formula
in both younger and older patients. Overall, mortality rates increased with the renal
function decreasing. In patients aged ≥ 75 years, the best discriminant capability for death
prediction was found for BIS-1 and FAS equations.

4.1. Concordance between CKD-EPI and Different eGFR Equations

Our concordance analysis has important clinical implications considering that, besides
the recommended adoption of the CKD-EPI formula for estimating GFR, other equations
are currently used for specific purposes (i.e., CG in NOACs prescription [31,56]) and in
different scenarios (i.e., many laboratories still adopt the MDRD equation).

Irrespectively of age, in a relatively unselected cohort of patients admitted to a cardiol-
ogy ward for various cardiovascular diseases, we found the highest agreement between
CKD-EPI and MDRD (weighted K coefficient 0.751) and only moderate agreement with the
CG equation (weighted K coefficient 0.533).

This finding is in line with previous data exploring the correlation between CKD-EPI
and MDRD in different populations such as renal transplant recipients, advanced renal
failure, and the elderly [57–59]. In a cohort of 1992 nephrology patients, Torreggiani et al.
found that the highest heterogeneity was observed with BIS-1. [60] We could not confirm
that observation since, according to our results, MDRD and BIS-1 showed the most similar
estimation curve when compared with CKD-EPI (Figures S1–S4). Different clinical settings
and the distribution of elderly patients may explain the difference.

Similar results were highlighted by Boriani et al. [32], considering CKD-EPI, MDRD,
CG, and CG-BSA formulas. However, the present study considered two more equations
(BIS-1 and FAS) that revealed good concordance with the CKD-EPI equation.

4.2. eGFR Estimates and Patient’s Age

Our results underline that the concordance between eGFR assessed by the CKD-EPI
formula and the other five equations decreases consistently with increasing age. Of note,
for patients aged 85 years or more, MDRD had the greatest agreement with CKD-EPI
(weighted K coefficient 0.588) followed by BIS-1 (weighted K coefficient 0.568), while CG
showed the worst concordance (weighted K coefficient 0.348).

In a cohort of 1992 patients, Torreggiani et al. [60] found that estimated glomerular
filtration rate (eGFR) decreased with age regardless of which equation was used. Analyzing
the correlations between CKD-EPI and other eGFR equations, the highest heterogeneity
was observed with BIS-1; the revised Lund-Malmo tended to underestimate eGFR while
MDRD overestimated it. Compared to the reference CKD-EPI, FAS tended to classify
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patients with CKD in lower stages. Considering an eGFR threshold limit of 45 mL/min for
defining significant CKD in patients over 65 years of age, the variability in CKD staging
was 10%, no matter which equation was used.

Remarkably, estimation of GFR in the elderly is still a matter of debate as all equations
integrate age with different mathematical models. Many studies have shown that distinct
GFR estimations give different results in very old patients, raising concerns about which
equation should be most appropriately used in this population [38,61–63].

Flamant et al. compared CG, MDRD, and CKD-EPI equations in 782 patients aged
65 years or more. In the entire population, the CG equation significantly underestimated
measured GFR and had the lowest overall accuracy, whereas the estimation of GFR through
the MDRD and CKD-EPI formulas did not significantly differ from the measured value.
Moreover, in age subgroup analysis, biases significantly varied with age when considering
the CG formula, but not with the MDRD and CKD-EPI equations.

As the CG equation considers a linear decrease of GFR with increasing age, its biases
are emphasized in older subjects. On the contrary, the MDRD and CKD-EPI equations
predict a slighter impact of age on renal function, thus preserving their overall performance
even in old and very old patients [64].

However, in other cases, no difference was found among these equations in the elderly.
In one large study on 1297 renal transplanted recipients undergoing inulin clearance
measurement, Buron et al. evaluated the performance of four SCr-based formulas (CG,
MDRD simplified, CKD-EPI, and Kankivell formula). The MDRD formula provided the
best estimate of GFR with a mean bias of −0.5 mL/min/1.73 m2, a standard deviation of
bias of 12 mL/min/1.73 m2, and a 30% accuracy. According to their results, gender and age
did not modify the MDRD estimation of GFR, which remained superior to other formulas
in each subgroup, except for patients older than 60 years, where the CG formula yielded
equivalent results to the MDRD formula [65].

Kilbride et al. [66] studied 394 individuals with a median age of 80 years. The au-
thors compared the accuracy of the MDRD, CKD-EPI creatinine, CKD-EPI cystatin C, and
CKD-EPI combined equations with direct measurement of GFR. Considering the accuracy
(the percentage of estimates within 30% of mGFR) of the equations, the creatinine-based
equations in the elderly were similar to that observed in younger people (~80–85%).

4.3. eGFR and Cardiovascular Outcomes

Despite the KIDGO 2012 guidelines for the evaluation and management of CKD
recommending the use of CKD-EPI [1], it is still unknown which equation would be
better to use according to different clinical scenarios. Recently Rivera-Carvaca et al. [67],
in a multi-center prospective registry on 1699 patients with acute coronary syndrome
(ACS), showed that the CG equation has a superior predictive ability for major adverse
cardiovascular events, major bleeding, and all-cause mortality compared with MDRD. A
superior predictive ability for major bleeding was found even in comparison with CKD-EPI.

More recently, a study on 3985 patients with ACS [68] found similar results: CG and
European Kidney Function Consortium equations were better than MDRD and CKD-EPI
equations for risk discrimination for all-cause-mortality and bleeding, suggesting that in
patients with ACS, the CG equation could be the most appropriate equation.

However, in elderly patients, CG often underestimates the GFR. In a recent cross-
sectional study on 2247 participants aged 65 to 90 years who underwent inulin GFR
measurements, none of the four equations considered for eGFR calculation (CKD-EPI,
Lund-Malmö Revised, (LMR), full age spectrum (FAS), and Berlin Initiative Study 1) had
superior diagnostic performance, while each had limitations regarding accuracy [69].

In the specific setting of atrial fibrillation, the use of different equations instead of the
CG formula may significantly influence NOACs prescription and patient management [13].

An accurate assessment of renal function is critical as it may have relevant implications
on prognostic stratification. As highlighted in our study, the survival rate significantly
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declines from G1 to G5 KDIGO categories, and the risk of all-cause death significantly
increases in G3b, G4, G5 KDIGO classes (Figure 1).

In AF in- or outpatients enrolled in the EORP-AF pilot registry, the renal function,
assessed by CKD-EPI formula, showed a crucial prognostic relevance. Besides the cut-off
points that differed from those suggested by KDIGO, results showed that as renal function
declines, patients’ prognosis progressively worsens [32].

A large amount of literature previously investigated the association between CKD and
outcomes [3]. A systematic review involving 39 studies and 1,371,990 patients showed that
non-dialysis-dependent CKD is related to an increased risk for all-cause and cardiovascular
death independently of potential confounders and CKD definitions and despite differences
in studies’ design and population.

The relation between CKD and all-cause mortality remained significant even in the
general population, considering that younger patients and groups with a lower prevalence
of known CVD had a significantly higher predicted relative risk for death associated with
CKD [24]. This latest finding was shown in our analysis, considering that an estimated GFR
lower than 60 mL/min/1.73 m2 was related to higher hazard ratios for all-cause mortality
in younger patients (<75 years) and without a known history of CVD (Figure 2).

Our results suggest that the assessment of eGFR may support clinicians in identifying
those patients with a worse prognosis that may benefit from stricter surveillance and
stronger control of associated conditions (diabetes, hypertension, coronary disease) to
avoid further deterioration of renal function [70].

Moreover, the prognostic implications of reduced renal function have a specific im-
pact on cardiologists’ daily decision-making processes when prescribing contrast-based
diagnostic or interventional procedures [71], for the infective risk stratification in CIED
procedures [72], or when considering the appropriateness of a defibrillator for primary
prevention of sudden cardiac death [73].

4.4. Strengths and Limitations

The retrospective nature of our study represents an intrinsic limitation. Our population
was relatively unselected and enrolled in a single center. Specific data on cardiovascular
mortality were missing, so we could not assess the performance of different formulas
on it. Moreover, since in-hospital deaths were excluded, our results can only apply to
stable, pre-discharge patients. However, our study highlights how differently formu-
las perform in a “real-world” population and the implication of their use in long-term
prognostic stratification.

Given the availability of different formulas for eGFR, there is the need to define
the most appropriate approach for kidney function assessment, as well as for outcome
prediction, to be used in a wide range of individuals, including the elderly.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11030891/s1, Figure S1: renal function estimation of body
surface area adjusted Cockroft-Gault equation (CGBSA) plotted against the difference between CKD-
EPI equation and CG-BSA values; Figure S2: renal function estimation of MDRD equation plotted
against the difference between CKD-EPI equation and MDRD values; Figure S3: renal function
estimation of BIS-1 equation plotted against the difference between CKDEPI equation and BIS-1
values; Figure S4: renal function estimation of FAS equation plotted against the difference between
CKDEPI equation and FAS values.
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Abstract: As society is ageing, an increasing prevalence of elderly heart failure patients will be
expected. In order to increase the donor pool, acceptance of older donors might be a reasonable
choice. All patients undergoing heart transplantation between 2010 and 2021 at a single department
were retrospectively reviewed and divided into different study groups with regard to recipient
(≤60 years (RY) or >60 years (RO)) and donor age (≤50 years (DY) or >50 years (DO). A total of
n = 201 patients were included (DY/RY, n = 91; DO/RY, n = 38; DY/RO, n = 41; DO/RO, n = 31).
Neither incidence of severe primary graft dysfunction (p = 0.64) nor adverse events, such as kidney
failure (p = 0.27), neurological complications (p = 0.63), infections (p = 0.21) or acute graft rejection
(p = 1.00), differed between the groups. However, one-year survival was impaired in the DO/RO

group (56.0%) compared to the other groups (DY/RY: 86.1%, DY/RO: 78.8%, DO/RY: 74.2%, p = 0.02).
Given the impaired one-year survival, acceptance of grafts from old donors for old recipients should
be performed with caution and by experienced centres only. Nevertheless, because of the otherwise
dismal prognosis of elderly heart failure patients, transplantation of patients may still improve the
therapy outcome.

Keywords: heart transplantation; age; elderly; frailty; demographic change

1. Introduction

Congestive heart failure is a global burden of disease affecting millions of people
worldwide [1–3]. Among adults and the elderly, it is one of the leading causes for hos-
pitalisation and origin of tremendous costs for health care systems [1–3]. Due to current
demographic changes, numbers of heart failure patients are expected to further increase
within the next decades [2]. By now, heart transplantation (HTx) is the standard of care for
end-stage heart failure [4,5]. However, especially elderly heart failure patients often suffer
from a variety of concomitant diseases and frailty, which has been reported to presently
affect 45% of heart failure patients [6]. Transplanting these elderly and frail patients might
be challenging [7]. To expand the donor pool for this increasing number of older patients
on the transplant waiting list, accepting more and more old and marginal donors might
be an option as it has been successfully performed for other donor organs [7–9]. However,
cardiac grafts of old donors carry a risk for impaired long-term survival [10,11].

In order to investigate possible effects of donor and recipient age matching for the
outcome after HTx, we aimed to analyse the postoperative outcome for young and old
recipients of cardiac grafts from young and old donors. We therefore retrospectively
reviewed our institutional data of the last decade and compared the outcome after HTx for
different groups of donor and recipient age matching.
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2. Materials and Methods

2.1. Patients and Study Design

All adult patients (n = 201) who underwent HTx between September 2010 and March
2021 in our department were prospectively enrolled in an institutional database. Patients
were retrospectively reviewed and those who underwent cardiac re-transplantation were
excluded. Afterwards, patients were divided into four study groups with regard to the
recipient and donor age matching (Figure 1). Recipients aged 60 years or younger (n = 129)
were declared as young recipients (RY). Correspondingly, recipients undergoing HTx
over 60 years of age were declared as old recipients (RO, n = 72). In line with the current
literature [10,11], for donors, age limit was set at 50 years (donor age ≤ 50 years: young
donors (DY, n = 132), donor age > 50 years: old donors (DO, n = 69)). Accordingly, young
recipients with young donors (DY/RY, n = 91) were compared to young recipients with old
donors (DO/RY, n = 38) as well as old recipients with young donors (DY/RO, n = 41) and
old recipients with old donors (DO/RO, n = 31).

Figure 1. Study groups.

2.2. Study Objectives and Follow-Up Period

Relevant donor and recipient parameters were examined and impact of donor and re-
cipient age matching on the postoperative morbidity and mortality was analysed. Patients
were postoperatively followed-up every three to six months on a regular basis. Postopera-
tive one-year survival was defined as the primary endpoint and impaired postoperative
survival was hypothesised for old recipients with old donor organs. In addition, periopera-

54



J. Clin. Med. 2022, 11, 929

tive adverse events, such as acute kidney failure, neurological complications or bleeding
complications, were defined as secondary endpoints of the study.

2.3. Surgical Procedure and Perioperative Management

HTx was performed with either orthotopic bicaval or biatrial technique. For immuno-
suppression a standardised institutional protocol consisting of tacrolimus, mycophenolate
mofetil and prednisolone. Potential graft rejection was routinely examined by right ventric-
ular endomyocardial biopsies and addressed with high-dose prednisolone therapy for at
least three consecutive days. In case of antibody-mediated rejection, therapy was amended
by immunoabsorption or plasmapheresis, anti-T-lymphocyte IgG and intravenous IgM-
enriched human immunoglobulin. Patients suffering from primary graft dysfunction were
treated following an institutional standard operating procedure covering adequate cate-
cholamine therapy with epinephrine and norepinephrine and a relatively liberal regime of
early implantation of veno-arterial extracorporeal membrane oxygenation (va-ECMO) and
percutaneous microaxial pumps (Impella 5.0, Abiomed, Inc., Danvers, MA, USA).

2.4. Statistics

For statistical analyses SPSS Statistics 26 (IBM Corporation, Armonk, NY, USA) was
used. All results are displayed as mean values with the standard deviation (SD) respectively
percentage of the whole. Because of the small and unbalanced groups sizes, Gaussian
distribution was not assumed, and variables were therefore compared by either non-
parametric two-tailed Kruskal–Wallis tests or Fisher–Freeman–Halton tests. In case of
statistically significant results (p < 0.05), additional post-hoc analyses were used by a
Bonferroni correction. Postoperative survival after HTx was calculated by the Kaplan–
Meier method and compared by log-rank test. Detailed information of the post-hoc tests
are displayed in the Supplementary Table S1.

3. Results

3.1. Pre-Transplant Recipient Parameters

Detailed preoperative recipient parameters are displayed in Table 1. As given by the
study protocol, there was a significant difference between the four groups with regard
to the recipient age with a mean age of 48 years for DY/RY patients and 65 years in
the DO/RO group. Recipient age ranged from 22 years (DY/RY) to 73 years (DO/RO).
Younger recipients were much more often transplanted with high urgency wait list status
compared to old recipients (p < 0.01). This was also underlined by the increased incidence
of pre-transplant mechanical ventilation in the DY/RY and DO/RY group compared to
the other two groups. The same effect was also numerically observed for pre-transplant
cardiopulmonary resuscitation. Interestingly, we did not observe any other differences with
regard to the incidence of preoperative risk factors for impaired outcome or concomitant
diseases. Especially, there was no difference in the incidence of previous mechanical
circulatory support (ventricular assist devices or extracorporeal life support).

3.2. Pre-Transplant Donor Parameters

Detailed preoperative donor parameters are displayed in Table 2. Differences in
demographic data of the four groups are once again given by the study protocol. Minimum
donor age was 15 years (DY/RY) and maximum was 67 years (DO/RO). Although donor
sex distribution and body mass index were inhomogeneous between the four groups,
predicted heart mass ratio of the recipients and donors was comparable, indicating no
relevant differences regarding organ size mismatch. Younger donors were much more likely
to be resuscitated before recovery of the organs. Nevertheless, there were no differences
regarding catecholamine therapy and concomitant diseases, indicating a similar distribution
rate of marginal donors between the four groups.
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Table 1. Preoperative recipient parameters.

DY/RY DO/RY DY/RO DO/RO p-Value

Recipient Variables (n = 91) (n = 38) (n = 41) (n = 31)

Age, y (SD) 48 (11) 52 (8) 64 (3) 65 (3) <0.01

Female gender, n (%) 26 (28.6) 12 (31.6) 8 (19.5) 7 (22.6) 0.59

Height, cm (SD) 175 (8) 173 (11) 176 (7) 174 (7) 0.57

Weight, kg (SD) 78 (16) 75 (16) 79 (16) 79 (13) 0.52

Body mass index, kg/m2 (SD) 25.7 (4.9) 25.2 (5.0) 25.5 (4.0) 26.2 (3.8) 0.64

Panel-reactive antibodies, % (SD) 3.1 (14.5) 1.3 (6.6) 3.1 (19.1) 0.2 (0.9) 0.66

High urgency wait list status, n (%) 52 (57.1) 19 (50.0) 19 (46.3) 7 (22.6) 0.01

Aetiology
Ischemic cardiomyopathy, n (%) 24 (26.4) 18 (47.4) 23 (56.1) 16 (51.6)

0.20Dilated cardiomyopathy, n (%) 55 (60.4) 19 (50.0) 16 (39.0) 13 (41.9)
Other, n (%) 12 (13.2) 1 (2.6) 2 (4.8) 2 (6.4)

Ventricular assist device, n (%) 50 (54.9) 17 (44.7) 23 (56.1) 18 (58.1) 0.66

Extracorporeal life support, n (%) 6 (6.7) 2 (5.3) 1 (2.4) 0 (0.0) 0.57

Concomitant diseases
Diabetes mellitus, n (%) 17 (8.7) 9 (23.7) 9 (22.0) 6 (19.4) 0.58
Haemodialyis, n (%) 7 (7.8) 1 (2.6) 1 (2.6) 1 (3.2) 0.65
Smoking, n (%) 21 (23.1) 7 (18.4) 8 (19.5) 8 (25.8) 0.74
Arterial hypertension, n (%) 50 (54.9) 25 (65.8) 26 (63.4) 17 (54.8) 0.72
Pulmonary hypertension, n (%) 8 (8.8) 5 (13.2) 2 (4.9) 4 (12.9) 0.52
COPD, n (%) 7 (7.7) 2 (5.3) 2 (4.9) 4 (12.9) 0.60
Cardiopulmonary resuscitation, n (%) 13 (14.3) 5 (13.2) 5 (12.2) 0 (0.0) 0.17
Mechanical ventilation, n (%) 8 (8.8) 5 (13.2) 1 (2.4) 0 (0.0) 0.01

Blood transfusion, n (%) 8 (8.8) 1 (2.6) 2 (4.9) 1 (3.2) 0.58

Laboratory values
Hemoglobin, g/dL (SD) 11.6 (2.4) 11.5 (2.3) 12.4 (1.9) 12.6 (2.4) 0.05
Bilirubin, mg/dL (SD) 1.0 (1.2) 0.8 (0.9) 0.8 (0.6) 1.4 (0.4) 0.83
Creatinine, mg/dL (SD) 1.4 (1.3) 1.3 (0.5) 1.5 (0.7) 1.4 (0.4) 0.19
AST, U/L (SD) 49 (87) 41 (34) 29 (15) 30 (12) 0.46
Lactate dehydrogenase, U/L (SD) 413 (460) 288 (142) 279 (108) 285 (86) 0.87

Preoperative recipient parameters. Patients were divided into four study groups with regard to the donor and
recipient age (donor age ≤ 50 years and recipient age ≤ 60 years: DY/RY, n = 91; donor age > 50 years and
recipient age ≤ 60 years: DO/RY, n = 38; donor age ≤ 50 years and recipient age > 60 years: DY/RO, n = 41; donor
age > 50 years and recipient age > 60 years: DO/RO, n = 31). Detailed results for post-hoc analysis are displayed
in Supplementary Table S1. COPD, chronic obstructive pulmonary disease; AST, aspartate aminotransferase; SD,
standard deviation.

3.3. Operative Outcome

Table 3 shows the postoperative outcome of the patients. While warm ischemia did
not differ between the groups, the average transport time was slightly prolonged in the
groups with the younger donors compared to the corresponding groups of similar recipient
age (p = 0.02). Consequently, total graft ischemic time was also slightly prolonged. There
was a strong trend towards increased postoperative epinephrine doses in the DO/RO

group with about 50% higher peak concentration compared to the DY/RY group (p = 0.05).
Nevertheless, incidence of va-ECMO implantation and postoperative support duration was
comparable between all groups. Perioperative severe adverse events were also comparable
between all groups with no advantages for any of the four groups. In line with these results,
duration of postoperative mechanical ventilation and hospital stay also did not differ.
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Table 2. Donor parameters.

DY/RY DO/RY DY/RO DO/RO p-Value

Donor Variables (n = 91) (n = 38) (n = 41) (n = 31)

Age, y (SD) 35 (10) 56 (4) 38 (10) 58 (10) <0.01

Female gender, n (%) 38 (41.8) 23 (60.5) 12 (29.3) 15 (48.4) 0.04

Height, cm (SD) 176 (9) 172 (8) 177 (6) 173 (8) 0.05

Weight, kg (SD) 80 (15) 79 (11) 79 (17) 81 (15) 0.81

Body mass index, kg/m2 (SD) 25.6 (4.1) 26.7 (3.1) 25.2 (5.0) 27.9 (7.0) 0.01

Predicted Heart Mass Ratio, % (SD) 13.8 (10.4) 14.7 (13.4) 12.6 (9.7) 11.6 (7.9) 0.87

Cardiopulmonary resuscitation, n (%) 24 (26.4) 3 (7.9) 19 (46.3) 6 (19.4) <0.01
Duration, min (SD) 18 (13) 13 (3) 17 (13) 22 (17) 0.92

Norepinephrine, μg/kg/min (SD) 0.12 (0.16) 0.14 (0.33) 0.14 (0.21) 0.10 (0.09) 0.68

Ejection fraction, % (SD) 61 (9) 62 (10) 57 (10) 62 (7) 0.28

Concomitant diseases
Arterial hypertension, n (%) 14/41 (34.1) 18/25 (72.0) 10/22 (45.5) 16/20 (22.2) <0.01
Diabetes mellitus, n (%) 6/37 (16.2) 2/11 (18.2) 0/15 (0.0) 5/10 (50.0) 0.02
Smoking, n (%) 49/76 (64.5) 16/30 (53.3) 21/39 (53.8) 14/26 (53.8) 0.56
Drug abuse, n (%) 8/75 (10.7) 1/31 (3.2) 8/34 (23.5) 0/24 (0.0) 0.02

Laboratory values
Hemoglobin, g/dL (SD) 10.1 (2.8) 9.9 (1.9) 10.3 (2.9) 10.3 (2.4) 0.90
White blood cells, 1 × 109/L (SD) 15.1 (5.8) 14.9 (5.8) 14.3 (4.4) 21.0 (39.2) 0.89
Lactate dehydrogenase, U/L (SD) 510 (681) 352 (257) 525 (414) 347 (191) 0.04
Creatinine kinase, U/L (SD) 2029 (8139) 438 (643) 1068 (2326) 682 (1350) 0.11
C-reactive protein, mg/L (SD) 163 (232) 234 (416) 157 (110) 151 (96) 0.55

Donor parameters. Patients were divided into four study groups with regard to the donor and recipient age (donor
age ≤ 50 years and recipient age ≤ 60 years: DY/RY, n = 91; donor age > 50 years and recipient age ≤ 60 years:
DO/RY, n = 38; donor age ≤ 50 years and recipient age > 60 years: DY/RO, n = 41; donor age > 50 years and
recipient age > 60 years: DO/RO, n = 31). Some data were not available or all donors. In this case altered
group sizes are displayed within the corresponding line. Detailed results for post-hoc analysis are displayed in
Supplementary Table S1. SD, standard deviation.

3.4. Postoperative Survival

Mean postoperative follow-up was about three years (991 days, SD: 1012 days) with
a maximum of ten and a half years (3831 days). As shown in Table 3, 30-day survival
was best for recipients of grafts from young donors (DY/RY = 94.4% and DY/RO = 95.0%
compared to DO/RY = 84.2% and DO/RO = 80.6%, p = 0.05). The primary end-point of
one-year survival was still best for DY/RY (86.1%), followed by comparable results for
DY/RO (78.8%) and DO/RY (74.2%) but deeply impaired for DO/RO (56.0%) (p = 0.02).
The cause of death within the first 30 days as well between 30 days and 1 year did not
differ between the four groups. Within the first 30 days, multiple causes of death appeared;
however, after 30 days, infective complications were the leading cause of death. Six patients
died because of graft failure: three grafts from young and three grafts from old donors. In
addition, the Kaplan–Meier survival curve is shown in Figure 2. Log-rank test (p = 0.10)
identified no statistical significance between the four curves, but numerical differences
indicated similar mid- to long-term results to those for short-term survival.
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Table 3. Operative outcome.

DY/RY DO/RY DY/RO DO/RO p-Value

Outcome Variables (n = 91) (n = 38) (n = 41) (n = 31)

Total graft ischemic time, min (SD) 228 (55) 208 (45) 218 (48) 199 (37) 0.02
Transport time, min (SD) 162 (55) 142 (42) 151 (46) 134 (42) 0.02
Warm ischemia, min (SD) 66 (15) 66 (11) 67 (13) 65 (16) 0.71

Primary graft dysfunction
Peak catecholamine

Dobutamine, μg/kg/min (SD) 4.81 (2.16) 5.45 (2.84) 4.40 (2.29) 3.27 (2.43) 0.15
Epinephrine, μg/kg/min (SD) 0.21 (0.18) 0.27 (0.22) 0.20 (0.17) 0.32 (0.23) 0.05
Norepinephrine, μg/kg/min (SD) 0.35 (0.25) 0.37 (0.26) 0.35 (0.34) 0.37 (0.31) 0.94

va-ECMO, n (%) 27 (29.7) 10 (26.3) 16 (39.0) 9 (29.0) 0.64
Support duration, d (SD) 9.4 (9.3) 5.7 (5.1) 6.7 (3.6) 9.9 (4.9) 0.34
Deceased on support, n (%) 6/26 (23.1) 4/10 (40.0) 2/16 (12.5) 2/8 (25.0) 0.46

Postoperative morbidity
Infective complications, n (%) 19/88 (21.6) 10/36 (27.8) 8/40 (20.0) 12/30 (40.0) 0.21
Acute graft rejection, n (%) 7/87 (8.0) 2/36 (5.6) 3/40 (7.5) 2/30 (6.7) 1.00
Hemodialysis on ICU, n (%) 43/89 (48.3) 23/37 (62.2) 25/40 (62.5) 19/30 (63.3) 0.27
Neurological complications, n (%) 17/88 (19.3) 5/36 (13.9) 7/40 (17.5) 8/30 (26.7) 0.63
Re-thoracotomy, n (%) 25/88 (28.4) 12/37 (32.4) 13/40 (32.5) 9/31 (29.0) 0.93

Postoperative hospital stay, d (SD) 42 (28) 41 (24) 51 (39) 54 (52) 0.68

Postoperative ICU/IMC stay, d (SD) 23 (27) 20 (20) 27 (31) 30 (31) 0.20

Mechanical ventilation, h (SD) 145 (197) 109 (141) 197 (210) 183 (232) 0.29

Blood transfusion
Packed red blood cells, mL (SD) 3716 (5321) 3085 (3186) 3309 (2704) 4646 (5572) 0.70
Fresh frozen plasma, mL (SD) 5646 (8252) 3909 (3179) 6679 (5497) 8802 (8972) 0.09
Platelets, ml (SD) 1012 (2588) 833 (1198) 1106 (1308) 1775 (2719) 0.06

30-day survival, n (%) 85/90 (94.4) 32/38 (84.2) 38/40 (95.0) 25/31 (80.6) 0.05
Cause of death within 30 days 0.48

Graft failure 1 (20.0) 1 (16.7) 0 (0.0) 2 (33.3)
Sepsis/MODS 2 (40.0) 0 (0.0) 0 (0.0) 2 (33.3)
Coagulopathy 1 (20.0) 2 (33.3) 1 (50.0) 1 (16.7)
Cerebral injury 1 (20.0.) 0 (0.0) 0 (0.0) 0 (0.0)
Visceral ischemia 0 (0.0) 0 (0.0) 1 (50.0) 0 (0.0)
Other/unknown 0 (0.0) 3 (50.0) 0 (0.0) 1 (16.7)

1-year survival, n (%) 62/72 (86.1) 23/31 (74.2) 26/33 (78.8) 14/25 (56.0) 0.02
Cause of death between 30 days and

1 year 0.52

Graft failure 0 (0.0) 0 (0.0) 2 (40.0) 0 (0.0)
Sepsis/MODS 2 (40.0) 1 (50.0) 1 (20.0) 3 (60.0)
Coagulopathy 1 (20.0) 0 (0.0) 0 (0.0) 0 (0.0)
Cerebral injury 0 (0.0) 0 (0.0) 1 (20.0) 0 (0.0)
Visceral ischemia 1 (20.0) 0 (0.0) 0 (0.0) 0 (0.0)
Other/unknown 1 (20.0) 1 (50.0) 1 (20.0) 2 (40.0)

Operative outcome. Patients were divided into four study groups with regard to the donor and recipient age (donor
age ≤ 50 years and recipient age ≤ 60 years: DY/RY, n = 91; donor age > 50 years and recipient age ≤ 60 years:
DO/RY, n = 38; donor age ≤ 50 years and recipient age > 60 years: DY/RO, n = 41; donor age > 50 years and
recipient age > 60 years: DO/RO, n = 31). Detailed results for post-hoc analysis are displayed in Supplementary
Table S1. ICU, intensive care unit; IMC, intermediate care unit; MODS, multiorgan dysfunction syndrome; SD,
standard deviation; va-ECMO, veno-arterial extracorporeal life support.
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Figure 2. Estimated longer-term survival after heart transplantation by Kaplan–Meier method.
Patients were divided into four study groups with regard to the donor and recipient age (donor
age ≤ 50 years and recipient age ≤ 60 years: DY/RY, n = 91; donor age > 50 years and recipient
age ≤ 60 years: DO/RY, n = 38; donor age ≤ 50 years and recipient age > 60 years: DY/RO, n = 41;
donor age > 50 years and recipient age > 60 years: DO/RO, n = 31).

4. Discussion

In the coming years, there may be a rise in elderly end-stage heart failure patients due
to a continuing demographic change leading to an ageing society. As HTx remains the gold
standard of care, this rise will most likely also enter the transplant waiting list. In order
to examine whether acceptance of older donors might be an option for those patients, we
retrospectively analysed all of our transplant data from the last decade. Although we did
not observe an increase in perioperative adverse events in the group of old recipients of
organs from old donors, their postoperative survival was significantly impaired.

Except age, baseline characteristics of both the recipients as well as the donors were
comparable between the groups. Therefore, the question arises as to why one-year survival
of DO/RO was only 56%. Donor age is a known risk factor for impaired post-transplant
long-term survival [10,11]. However, we already observed this for the very short-term
survival. In addition, donor age is also a strong and independent risk factor for primary
graft dysfunction, which we did not observe [12–15].

It was no surprise that patients of the DY/RY group had the best outcome as this has
been reported in several previous studies [14–17]. In order to interpret our data of the
DO/RO group, it is important to review the results of the DY/RO and DO/RY patients
who had similar short-term survival. First, DY/RY patients had a better outcome than
DO/RY as well as DY/RO patients. Secondly, DO/RY patients had comparable outcome to
DY/RO patients. Finally, DY/RO patients are superior to the DO/RO group. Similar results
have recently been described in an Italian single-centre retrospective analysis as well as
a retrospective review of the United Network for Organ Sharing (UNOS) registry [14,15].
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Nevertheless, the implications of these results represent some kind of ethical dilemma. First,
young donors should be allocated to every recipient, as this was best for all recipient ages.
However, due to a continuous decline in organ donation, there is a lack of suitable donor
organs in the Euro transplant region today [18,19]. Although DO/RY were comparable to
DY/RO, allocating young donors primary to old recipients will still be questionable because
donor age is a risk factor for impaired long-term outcome and these young recipients will
then miss the even better outcome of the DY/RY group [10,11,18,19].

Implantation of left ventricular assist devices (LVAD) has gained increasingly more
popularity in the elderly [20]. Unfortunately, risk for perioperative morbidity and mortality
is also significantly increased compared to younger patients with reported in-hospital
mortality of up to 50% in patients of 65 years and older [20–22]. Therefore, this is also a
unsatisfying alternative to HTx for elderly patients.

Age itself is a strong and independent risk factor for mortality of heart failure pa-
tients [23,24]. In a large meta-analysis, Jones and colleagues reported a five-year survival
after first diagnosis of heart failure of less than 50% for patients aged ≥ 75 years compared
to about 80% for those aged ≤ 65 years [24]. This prognosis may be further impaired by
frailty and concomitant diseases [6]. Therefore, in order to solve the mentioned ethical
dilemma of missing suitable cardiac grafts from young donors for both groups of young
and old recipients, individual consensus decisions with all related medical professions
and the patient seemed to be crucial. First, individually shared decisions as to whether
an elderly patient should be enrolled to stay on the HTx waiting list should be made in
relation to their individual health status (urgency, frailty, concomitant diseases, suitability
for LVAD implantation, etc.) and the predicted post-transplant survival [25]. Afterwards,
the best offered donor organ should be accepted for elderly patients as with every patient
on the waiting list.

The scientific value of our data is limited by the study’s single-centre and retrospective
design. The relatively small group sizes prohibited propensity score matching. In addition,
the short follow-up period of the majority of patients combined with the known dispro-
portionally high first-year mortality after HTx most likely underestimates the longer-term
survival of the cohort assessed by the Kaplan–Meier method. The high number of censored
patients led to a relatively small remaining follow-up cohort that may represent a bias for
the longer-term follow-up. Furthermore, due to the retrospective character of the study,
pretransplant frailty of the patients could unfortunately not be assessed.

5. Conclusions

Prevalence of heart failure will further increase within the next years due to an ageing
society. Accordingly, an increasing number of elderly patients will enter the waiting list
for heart transplantation. In order to increase the donor pool, accepting older donors
can be performed without increasing the incidence of perioperative adverse events for
both young and old recipients. However, donor age seems to be more important for the
posttransplant survival than the recipient age. As we observed significantly impaired
one-year survival for old recipients of grafts from old donors, organ acceptance should be
performed with caution and by experienced centres only. However, given the otherwise
often dismal prognosis of elderly and frail end-stage heart failure patients, transplantation
of individual patients may still distinctly improve the therapy outcome of certain patients.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11040929/s1, Table S1: Results of post-hoc analysis.
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Abstract: Frailty is an age-related decline in physical, socio-psychological and cognitive function
that results in extreme vulnerability to stressors. Therefore, this study aimed to elucidate which
tests have to be selected to detect frailty in a comprehensive and feasible manner in cardiovas-
cular disease (CVD) patients based on multivariate regression and sensitivity/specificity analy-
ses. Patients (n = 133, mean age 78 ± 7 years) hospitalised for coronary revascularisation or heart
failure (HF) were examined using the Fried and Vigorito criteria, together with some additional
measurements. Moreover, to examine the association of frailty with 6-month clinical outcomes,
hospitalisations and mortality up to 6 months after the initial hospital admission were examined.
Some level of frailty was detected in 44% of the patients according to the Vigorito criteria and in 65%
of the patients according to the Fried criteria. Frailty could best be detected by a score based on: sex,
Mini Nutritional Assessment (MNA), Katz scale, timed up-and-go test (TUG), handgrip strength,
Mini-Mental State Examination (MMSE), Geriatric Depression Scale (GDS-15) and total number of
medications. Frailty and specific markers of frailty were significantly associated with mortality and
six-month hospitalisations. We thus can conclude that, in patients with CVD, sex, MNA, Katz scale,
TUG, handgrip strength, MMSE, GDS-15 and total number of medications play a key role in detecting
frailty, assessed by a new time- and cost-efficient test battery.

Keywords: frailty; frailty assessment; cardiovascular disease; older adults

1. Introduction

Almost half of all (premature) deaths in Europe are caused by cardiovascular diseases
(CVDs). As about 10% of Europeans currently suffer from CVD, a significant economic cost
and burden are apparent [1–3]. Moreover, due to increasing prevalence rates of obesity,
hypertension and diabetes mellitus, a 10% increase in the CVD prevalence rate is expected
in the upcoming 10 years [4].

Fortunately, improvements in cardiac surgery [5] and rehabilitation [6–8], risk factor
management [9] and cardioprotective medication [2] have considerably increased the
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life expectancy of CVD patients [2,9]. However, ageing is commonly associated with
the emergence of frailty [8]. Frailty is a progressive age-related decline in physiological
systems that results in decreased reserves of intrinsic capacity, which confers extreme
vulnerability to stressors [10]. This condition further increases the risk of adverse health
outcomes, such as frequent hospitalisations and premature death, and therefore deserves
great attention [1,11].

The prevalence rates of frailty in CVD patients can vary significantly according to the
disease and treatment: from up to 19% in patients after percutaneous coronary intervention
(PCI) to up to 76% in heart failure (HF) patients [12]. In these studies, the phenotype
proposed by Fried [13] was the most frequently used frailty assessment tool. As mainly
physical limitations are taken into account in this tool (i.e., weight loss, physical activity,
walk time and handgrip strength), previous studies highlighted the need for a more
comprehensive frailty assessment for better prediction of clinical outcomes in hospitalised
older (CVD) patients [14–16].

For example, postoperative cognitive dysfunction (POCD), defined as the develop-
ment of symptoms of cognitive dysfunction after surgery and anaesthesia in previously
apparently cognitive healthy patients [17], occurs after cardiothoracic surgery in up to
43% of older patients [18–20] and can become a permanent disorder [21,22]. Moreover,
depression (eventually in combination with anxiety), as well as a lack of social/emotional
support in CVD patients, seems to be associated with adverse cardiovascular outcomes
and mortality in a dose–response relationship [23]. Consequently, it is clear that besides
the physical aspects of frailty, equal attention should be directed to the cognitive, social
and psychological components of frailty as well, as already reiterated by the European
Association of Preventive Cardiology [24,25] and more recently in the frailty score proposed
by Vigorito [26]. In contrast to Fried et al. [13], this multidimensional frailty assessment
tool takes into account not only the physical aspects of frailty (muscle strength, gait speed,
mobility, comorbidities) but also nutritional, cognitive and psychosocial components with
separate cut-off criteria for men vs. women. However, this Vigorito frailty assessment tool
is not yet validated in CVD patients.

Therefore, if the Fried and Vigorito criteria and some other frequently used frailty
assessment measurements were to be merged, the tests that should be selected to establish
a comprehensive assessment that is feasible and low cost but sufficiently sensitive and
specific (females vs. males) remain to be determined [12]. Such an assessment battery
would then allow clinicians, working in different settings, to easily detect frailty and,
moreover, predict hospitalisations and mortality in patients with CVD to initiate preventive
strategies accordingly.

The aim of this study, therefore, was threefold: (1) to compare the frailty prevalence
rates using Fried vs. the more comprehensive Vigorito criteria in CVD patients; (2) to
establish which tests, from the physical, socio-psychological and cognitive domains, should
be selected to be able to detect frailty in patients with CVD and (3) to establish a total score
that may represent a valid measurement of frailty severity.

2. Materials and Methods

2.1. Subjects

Between October 2019 and April 2020, 133 unselected, consecutive participants were
included in this cross-sectional study at the cardiology units of Jessa Hospital Hasselt, Bel-
gium. Hospitalised participants were initially screened for inclusion and exclusion criteria
based on their electronic patient file and, if necessary, based on additional information from
the health staff (cardiologists, nurses) of the cardiology units of the hospital. After careful
explanation of the study aims and methodology, written informed consent was obtained
from all participants. This study was approved by the ethical committee of Jessa Hospital
(19.81-REVA19.05) and registered at ClinicalTrials.gov (NCT04206904). The inclusion crite-
ria were (i) men and women aged 65 years or older (ii) who were admitted to the hospital
for mild vs. severe coronary revascularisation or surgery (PCI vs. (endo-)CABG) or for HF.
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We preferred to include these different CVD pathologies based on previous literature con-
firming the variable frailty prevalence in these patient populations [12]. Participants were
excluded if they refused to participate after receiving all study information or if they had a
persistently unstable clinical condition that prevented them from safely participating, such
as angina pectoris, advanced conduction disturbances, significant ventricular arrhythmias
or decompensating HF. Participants were not excluded based on mental/cognitive state.

2.2. Study Design

In this cross-sectional study, the presence of frailty was initially assessed by two differ-
ent frailty assessment tools. First, the presence/absence of frailty was examined according
to the phenotype proposed by Fried [13]. Next, this frailty assessment was supplemented
by the comprehensive multi-component and sex-specific frailty assessment tool proposed
by Vigorito et al. [26], which was developed based on similar, previously published frailty
assessment tools [14–16]. Furthermore, additional parameters were assessed, which could
be of significant added value in the detection of frailty. The total test battery took 45 min
to complete.

Patients undergoing coronarography, further defined as PCI patients (for coronary
artery disease (CAD) patients undergoing a PCI) or as CORO patients (for CAD patients
not undergoing PCI or CABG), were examined before or after their cardiac surgery, while
CABG patients were all examined before surgery. HF patients were examined at any
defined time during their hospital stay.

2.3. Baseline Characteristics

Baseline characteristics (age, body weight and length) were registered from the elec-
tronic file of the patients on the day of assessment.

2.4. Frailty Assessment
2.4.1. Fried Phenotype

The Fried frailty phenotype examines five components: involuntary weight loss,
exhaustion, level of physical activity, walking time and grip strength. Based on these
five criteria, subjects were considered to be pre-frail (fulfilling one or two criteria) or frail
(fulfilling at least three criteria). A more detailed explanation of the different components
can be found in Appendix A Table A1.

With regard to the walking time criteria, the walking time of the slowest participant
was assigned to participants who were not able to execute the walking test due to, for
example, walking difficulties or exhaustion. In this way, we were able to calculate a mean
walking time for the total sample.

Furthermore, the Minnesota Leisure Time Activity questionnaire, which is used in
the original Fried criteria, is largely inapplicable to hospitalised patients, as it examines
participation in daily activities such as mowing the lawn, gardening, biking, dancing,
swimming, etc. Therefore, we decided to use a modified version of the Fried phenotype by
introducing the Katz scale. This scale has been used in previous studies to examine the level
of physical activity according to the Fried phenotype [12,27–29]. It examines participation
and level of (in)dependence in six activities (washing, dressing, mobility, toileting, level
of (in)continence and eating) that are highly relevant for hospitalised patients. Based
on this scale, subjects who were completely independent in 6 activities of daily living
(ADL) (score 6: 1 point for each activity in which there was complete independence) were
considered to be non-frail, while subjects with any dependence (score 0–5) were considered
to be frail with regard to the level of physical activity.

2.4.2. Vigorito’s Frailty Assessment Tool

The frailty assessment tool developed by Vigorito et al. [26] is composed of eight
main components.

65



J. Clin. Med. 2022, 11, 1926

The Mini Nutritional Assessment (MNA) (long version) [30] was used to examine the
nutritional status of the patient. To examine the level of (in)dependence in activities of daily
living (ADL), the Katz scale was used. Mobility was evaluated by measuring the gait speed
based on a 4.6 m walking test. A combination of mobility, balance and lower-extremity
strength was assessed based on the timed up-and-go test (TUG). To be able to calculate the
mean gait speed or TUG score for the total sample, the value of the slowest participant (i.e.,
lowest value for gait speed or highest value for TUG) of the total sample was assigned to
participants who were not able to execute the mobility tests due to, for example, walking
difficulties or exhaustion.

Handgrip strength (kg) of the dominant hand was examined with the Jamar handheld
dynamometer® (Patterson Medical, Glossop, UK) [31]. However, when the dominant hand
was medically unfeasible due to, for example, a PCI/stenting procedure on that hand,
the non-dominant hand was tested. Moreover, to be able to calculate the mean handgrip
strength of the total sample, the value of the weakest participant (i.e., lowest value) of the
total sample was assigned to participants who were not able to squeeze with any hand due
to, for example, exhaustion.

The Mini-Mental State Examination (MMSE) (Dutch version) [32] was used to ex-
amine the cognitive status of the patients. To detect the presence of a depressive mood,
the Geriatric Depression Scale (GDS-15) (Dutch version) [33] was used. Finally, the use
of cardioprotective and any other medications (except for vitamins, minerals and food
supplements) was registered as a marker of comorbidities based on the electronic file of the
patient at discharge from the hospital. Each component of the frailty assessment tool was
scored separately to divide the patients into three frailty categories from not frail (score 0)
to severe frailty (score 3). These eight sub-scores finally resulted in a total score ranging
from not frail (score 0–6), minor frailty (7–12) and moderate frailty (score 13–18) to severe
frailty (score 19–24) (see Appendix A Table A2).

2.4.3. Additional Frailty Measures

In addition to both frailty assessment tools, other measurements were executed to
collect extra information regarding the functional status of the patient in an attempt to
improve frailty assessment.

The International Physical Activity Questionnaire (IPAQ) [34] (long version) was used
to examine the level of physical activity spent in the previous seven days. To examine the
muscle strength (in kg) of the knee extensors (sitting position with hip and knee flexed
90◦) and hip flexors (supine position with hip flexed 90◦) of both legs, the MicroFET®

dynamometer (Hoggan Health Industries Inc., West Jordan, UT, USA) [35] was used. Each
measurement was repeated three times, and the highest value was used in the data analysis.
Moreover, to examine the functional muscle strength of the lower limbs, the timed chair
stand test was performed. The value of the weakest participant (lowest value (Microfet) and
highest value (timed chair stand test)) of the total sample was assigned to participants who
were not able to perform the muscle strength measurements due to, for example, exhaustion.
Finally, the Falls Efficacy Scale International (FES-I) [36] was used, a questionnaire that
examines the level of concern about falling (see Appendix A Table A3).

All frailty assessment tools were implemented by trained physiotherapists. The data
analysis was performed by another blinded researcher.

2.5. Association of Frailty with 6-Month Clinical Outcomes

To examine the association of frailty with clinical outcomes, six months after the
hospital admission in which the initial frailty assessment took place, the presence/absence
of hospitalisations and mortality were examined based on records in the electronic patient
file. A distinction was made between planned and urgent hospitalisations. Planned
hospitalisations were considered to be hospital admissions that were planned in advance,
such as a planned coronarography, PCI or valve surgery. Urgent hospitalisations were
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considered hospital admissions that were not planned in advance, such as hospitalisations
via the emergency department of the hospital.

Patients were considered to be frail when fulfilling at least three out of five criteria
(Fried) indicating the presence of mild, moderate or severe frailty (Vigorito) or based on
the newly developed frailty cut-off score (new frailty assessment tool) (further explained in
detail in Section 3.5).

2.6. Outcome Measures

The primary outcomes of this study were the frailty score and frailty characteristics
based on the comprehensive frailty assessment battery developed by Vigorito (and addi-
tionally, according to the Fried phenotype). Secondary outcomes were hospitalisations and
mortality 6 months after the initial frailty assessment.

2.7. Statistical Analysis

Statistical analyses were executed in SPSS v. 25.0 (IBM, Chicago, IL, USA) and JMP®

Pro 14.1.0 (SAS Institute Inc., Buckinghamshire, UK). Shapiro–Wilk tests were used to
test for normality, while Levene’s tests for equality of variances were used to test for
homoscedasticity. To compare two means, an independent samples t-test (in the case
of normality) or a non-parametric Mann–Whitney U test (in the case of non-normally
distributed data or sample size < 30) was used. Pearson chi-square or Fisher exact test (if
cell number < 5) was performed to examine categorical data. To compare more than two
means, one-way ANOVA (with Bonferroni test) (in the case of normality) or Kruskal–Wallis
test (with pairwise comparisons) (in the case of non-normally distributed data) was used.
A stepwise multivariate regression model was used in JMP to examine which specific
components of frailty (age, sex, body length, body weight, BMI, MNA, calf circumference
and upper arm circumference (which are part of the MNA), Katz scale, walking time, gait
speed, TUG, handgrip strength, FES-I, MMSE, GDS-15, number of medications, muscle
strength of knee extensors and hip flexors (left/right leg), timed chair stand test, CVD risk
factors (hypertension, hypercholesterolemia, diabetes type 1, diabetes type 2, smoking),
total number of risk factors and IPAQ) would predict the total frailty score the best and to
develop a frailty assessment tool with the fewest assessments. In the case of correlating
variables, such as gait speed and walking time, only one of the two variables was included
in the analysis. To examine the association of frailty with 6-month clinical outcomes,
chi-square analyses were performed between the presence/absence of planned/urgent
hospitalisations or mortality and the frailty status of the patients (frail/not frail) according
to Fried or Vigorito. Data are expressed as means ± standard deviation (SD) or as n (%).
A p-value < 0.05 (2-tailed) was considered as statistically significant.

3. Results

3.1. Baseline Characteristics

This study included 133 participants (57 females) with a mean age of 78 ± 7 years,
comprising 27 CORO patients, 30 PCI patients, 16 CABG patients and 60 HF patients. HF
patients were significantly older compared to CORO (p = 0.002) and PCI patients (p = 0.002)
(see Table 1).

Table 1. Baseline characteristics of the study population according to sex and CVD.

Total CORO PCI CABG HF

n (%)

Total 133 27 (20.3) 30 (22.6) 16 (12.0) 60 (45.1)

M 76 (57.1) 14 (51.9) 19 (63.3) 14 (87.5) † 29 (48.3)

F 57 (42.9) 13 (48.1) 11 (36.7) 2 (12.5) 31 (51.7)
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Table 1. Cont.

Total CORO PCI CABG HF

Age
(Years)

Total 78.1 ± 6.7 75.4 ± 5.3 * 75.5 ± 6.5 ** 77.0 ± 7.6 80.9 ± 6.1

M 77.2 ± 6.9 74.0 ± 4.1 75.9 ± 7.1 76.4 ± 7.9 79.9 ± 6.6

F 79.4 ± 6.3 77.0 ± 6.1 74.8 ± 5.6 80.8 ± 5.1 81.9 ± 5.5

Body length (cm)

Total 166.3 ± 9.7 167.3 ± 10.1 166.9 ± 9.8 169.8 ± 6.5 164.7 ± 10.0

M 172.4 ± 6.4 † 175.0 ± 6.3 † 172.3 ± 5.8 † 171.2 ± 5.5 † 171.8 ± 7.2 †

F 158.2 ± 7.0 158.9 ± 5.6 157.7 ± 8.3 159.5 ± 0.7 158.0 ± 7.4

Body weight (kg)

Total 74.0 ± 13.4 78.2 ± 14.5 74.9 ± 12.1 76.0 ± 13.2 71.2 ± 13.2

M 78.4 ± 12.1 † 82.3 ± 13.0 79.2 ± 12.2 † 77.4 ± 13.4 76.4 ± 11.0 †

F 68.3 ± 12.8 73.8 ± 15.2 67.3 ± 7.5 66.1 ± 4.8 66.4 ± 13.3

BMI
(kg/m2)

Total 26.7 ± 4.2 27.9 ± 4.4 26.8 ± 3.2 26.3 ± 3.8 26.3 ± 4.6

M 26.4 ± 3.6 26.9 ± 3.9 26.7 ± 3.5 26.4 ± 4.0 25.9 ± 3.3

F 27.3 ± 4.9 29.1 ± 4.8 27.1 ± 2.8 26.0 ± 2.1 26.7 ± 5.5

Overweight
% prevalence

Total 67 (50.4) 16 (59.3) 19 (63.3) 6 (37.5) 26 (43.3)

M 40 (30.1) 8 (29.6) 12 (40.0) 5 (31.3) 15 (25.0)

F 27 (20.3) 8 (29.6) 7 (23.3) 1 (6.3) 11 (18.3)

Obesity
% prevalence

Total 22 (16.5) 6 (22.2) 4 (13.3) 2 (12.5) 10 (16.7)

M 8 (6.0) 2 (7.4) 2 (6.7) 2 (12.5) 2 (3.3)

F 14 (10.5) 4 (14.8) 2 (6.7) 0 (0.0) 8 (13.3)

Hypertension
% prevalence

Total 120 (90.2) 21 (77.8) 23 (76.7) 16 (100) 60 (100)

M 66 (49.6) 9 (33.3) 14 (46.7) 14 (87.5) 29 (48.3)

F 54 (40.6) 12 (44.4) 9 (30.0) 2 (12.5) 31 (51.7)

Type 2 diabetes
% prevalence

Total 36 (27.1) 6 (22.2) 5 (16.7) 3 (18.8) 22 (36.7)

M 20 (15.0) 4 (14.8) 4 (13.3) 3 (18.8) 9 (15.0)

F 16 (12.0) 2 (7.4) 1 (3.3) 0 (0.0) 13 (21.7)

Dyslipidaemia
% prevalence

Total 102 (76.7) 19 (70.4) 27 (90.0) 15 (93.8) 41 (68.3)

M 61 (45.9) 11 (40.7) 17 (56.7) 13 (81.3) 20 (33.3)

F 41 (30.8) 8 (29.6) 10 (33.3) 2 (12.5) 21 (35.0)

NYHA

Total

Class I–II - - - - 1 (1.7)

Class II - - - - 13 (21.7)

Class II–III - - - - 16 (26.7)

Class III - - - - 17 (28.3)

Class III–IV - - - - 3 (5.0)

Class IV - - - - 2 (3.3)

Unknown - - - - 8 (13.3)

Total CORO PCI CABG HF

Cardioprotective medication

Beta blockers 89 (66.9) 14 (51.9) 19 (63.3) 14 (87.5) 42 (70.0)

Calcium antagonists 37 (27.8) 10 (37.0) 5 (16.7) 3 (18.8) 19 (31.7)

ACE inhibitors 44 (33.1) 4 (14.8) 12 (40.0) 7 (43.8) 21 (35.0)

Angiotensin II receptor blockers 25 (18.8) 6 (22.2) 5 (16.7) 2 (12.5) 12 (20.0)
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Table 1. Cont.

Total CORO PCI CABG HF

Diuretics 78 (58.6) 5 (18.5) 10 (33.3) 10 (62.5) 53 (88.3)

Amiodarone 30 (22.6) 0 (0.0) 3 (10.0) 0 (0.0) 27 (45.0)

Sotalol 2 (1.5) 2 (7.4) 0 (0.0) 0 (0.0) 0 (0.0)

Flecainide 4 (3.0) 1 (3.7) 0 (0.0) 0 (0.0) 3 (5.0)

Anticoagulants 123 (92.5) 26 (96.3) 30 (100) 14 (87.5) 53 (88.3)

Ezetimibe 8 (6.0) 0 (0.0) 2 (6.7) 2 (12.5) 4 (6.7)

Statins 101 (75.9) 19 (70.4) 26 (86.7) 15 (93.8) 41 (68.3)

Nitrates 16 (12.0) 6 (22.2) 1 (3.3) 2 (12.5) 7 (11.7)

Sacubitril/Valsartan 4 (3.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (6.7)

Ivabradine 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.7)

Molsidomine 12 (9.0) 4 (14.8) 3 (10.0) 4 (25.0) 1 (1.7)

Metformin 23 (17.3) 4 (14.8) 4 (13.3) 3 (18.8) 12 (20.0)

Sulphonylurea 4 (3.0) 1 (3.7) 1 (3.3) 1 (6.3) 1 (1.7)

Glinides/meglitinides 4 (3.0) 0 (0.0) 2 (6.7) 0 (0.0) 2 (3.3)

GLP1 analogues 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.7)

DPP4 inhibitors 5 (3.8) 0 (0.0) 1 (3.3) 0 (0.0) 4 (6.7)

SGLT2 inhibitors 4 (3.0) 1 (3.7) 1 (3.3) 0 (0.0) 2 (3.3)

Insulin (ultrafast-acting) 3 (2.3) 1 (3.7) 0 (0.0) 0 (0.0) 2 (3.3)

Insulin (fast-acting) 2 (1.5) 0 (0.0) 0 (0.0) 0 (0.0) 2 (3.3)

Insulin (intermediate) 1 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.7)

Insulin (slow-acting) 7 (5.3) 2 (7.4) 0 (0.0) 0 (0.0) 5 (8.3)

Opioids 10 (7.5) 2 (7.4) 0 (0.0) 0 (0.0) 8 (13.3)

Analgesics 29 (21.8) 3 (11.1) 0 (0.0) 8 (50.0) 18 (30.0)

BMI, body mass index; CABG, coronary artery bypass grafting; cm, centimetre; CORO, coronarography; CVD,
cardiovascular disease; HF, heart failure; kg, kilogram; m, metre; n, number; NYHA, New York Heart Association;
PCI, percutaneous coronary intervention; SD, standard deviation; p < 0.05 * CORO vs. HF; ** PCI vs. HF; † p < 0.05
between sexes. Results are expressed as mean ± SD or as n (% within CVD group) (for results per CVD) or as n
(% within total population) (for results of the total population).

3.2. Prevalence of Frailty According to the Fried Phenotype

According to the Fried phenotype, 38% of the patients were categorised as being frail,
while 26% of the patients were pre-frail (no significant difference, p = 0.08). The highest
prevalence of frailty was detected in the HF patients (70%), with lower prevalence rates in
CABG (19%), CORO (19%) and PCI (3%) patients. Major differences between HF patients
and other patient populations were identified for nearly all outcomes (p < 0.05). Moreover,
frailty was more prevalent in females than in males in the total population (46% vs. 33%
respectively) and within each CVD individually because of significant differences in gait
speed, handgrip strength and exhaustion (p < 0.05) (see Table 2 and Figure 1).
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Table 2. Number of frail subjects according to CVD and sex and analysis of the frailty component
scores based on the Fried frailty assessment tool.

Total
(n = 133)

CORO
(n = 27)

M (n = 14)
F (n = 13)

PCI
(n = 30)

M (n = 19)
F (n = 11)

CABG
(n = 16)

M (n = 14)
F (n = 2)

HF
(n = 60)

M (n = 29)
F (n = 31)

Weight loss

Total 20 1 3 4 12

M
Frail n (%)

13 (17.1) 1 (7.1) 3 (15.8) 4 (28.6) 5 (17.2)

F 7 (12.3) 0 (0.0) 0 (0.0) 0 (0.0) 7 (22.6)

Exhaustion

I felt that everything
I did was an effort

Total

Raw score

1.4 ± 1.2 1.1 ± 1.1 * 0.4 ± 0.7 ** 1.3 ± 1.3 2.0 ± 1.1

M 1.0 ± 1.1 † 0.7 ± 0.9 0.2 ± 0.5 1.2 ± 1.4 1.6 ± 1.1 †

F 1.8 ± 1.1 1.5 ± 1.1 0.7 ± 0.8 1.5 ± 0.7 2.4 ± 0.9

I could not get going

Total

Raw score

1.4 ± 1.3 0.8 ± 1.1 * 0.6 ± 0.9 * 1.6 ± 1.4 2.0 ± 1.2

M 1.1 ± 1.2 † 0.6 ± 0.9 0.5 ± 0.8 1.5 ± 1.4 1.6 ± 1.2 †

F 1.7 ± 1.3 1.0 ± 1.3 0.8 ± 1.1 2.0 ± 1.4 2.4 ± 1.0

Total
M

Frail n (%)
21 (27.6) 1 (7.1) 1 (5.3) 5 (35.7) 14 (48.3)

F 30 (52.6) 4 (30.8) 1 (9.1) 0 (0.0) 25 (80.6)

Gait speed
(m/s)

Total Raw score 0.87 ± 0.48 1.03 ± 0.44 * 1.27 ± 0.36 ** 0.92 ± 0.48 *** 0.59 ± 0.36

M
Raw score 0.98 ± 0.52 † 1.21 ± 0.47 † 1.34 ± 0.40 0.98 ± 0.48 0.63 ± 0.40

Frail n (%) 27 (35.5) 2 (14.3) 0 (0.0) 5 (35.7) 20 (69.0)

F
Raw score 0.73 ± 0.38 0.85 ± 0.31 1.15 ± 0.24 0.51 ± 0.24 0.55 ± 0.33

Frail n (%) 33 (57.9) 6 (46.2) 1 (9.1) 1 (50.0) 25 (80.6)

Level of physical
activity

(Katz independence
in ADL)

Total Raw score 5.2 ± 1.3 5.5 ± 1.1 * 6.0 ± 0.0 ** 5.4 ± 1.1 4.7 ± 1.5

M
Raw score 5.3 ± 1.3 5.6 ± 1.1 6.0 ± 0.0 5.3 ± 1.1 4.7 ± 1.5

Frail n (%) 24 (31.6) 2 (14.3) 0 (0.0) 5 (35.7) 17 (58.6)

F
Raw score 5.1 ± 1.3 5.5 ± 1.1 6.0 ± 0.0 6.0 ± 0.0 4.6 ± 1.5

Frail n (%) 20 (35.1) 3 (23.1) 0 (0.0) 0 (0.0) 17 (54.8)

Handgrip strength
(kg)

Total Raw score 26.7 ± 11.8 30.7 ± 13.2 * 33.1 ± 11.1 ** 31.1 ± 9.0 *** 20.5 ± 9.1

M
Raw score 33.3 ± 10.7 † 38.8 ± 13.3 † 39.0 ± 9.3 † 33.0 ± 7.7 27.1 ± 7.9 †

Frail n (%) 31 (40.8) 3 (21.4) 5 (26.3) 3 (21.4) 20 (69.0)

F
Raw score 17.9 ± 6.2 22.0 ± 4.9 22.9 ± 4.7 17.9 ± 6.2 14.4 ± 4.9

Frail n (%) 35 (61.4) 4 (30.8) 3 (27.3) 1 (50.0) 27 (87.1)

Total frailty score

Total

Raw score

1.8 ± 1.6 1.0 ± 1.2 * 0.5 ± 0.8 ** 1.5 ± 1.5 *** 3.0 ± 1.4

M 1.5 ± 1.6 † 0.6 ± 1.2 0.5 ± 0.8 1.6 ± 1.6 2.6 ± 1.4

F 2.2 ± 1.6 1.3 ± 1.3 0.5 ± 0.7 1.0 ± 1.4 3.3 ± 1.2

ADL, activities of daily living; CABG, coronary artery bypass grafting; CORO, coronarography; F females; HF,
heart failure; kg, kilogram; M, males; n, number; PCI, percutaneous coronary intervention; s, seconds; SD, standard
deviation; p < 0.05 * CORO vs. HF; ** PCI vs. HF; *** CABG vs. HF; † p < 0.05 between sexes. Results are expressed
as mean ± SD.
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a b 

c d 

e 

Figure 1. Distribution of the different levels of frailty (%) according to Fried and Vigorito for male and
female CORO (a), PCI (b), CABG (c) and HF (d) patients. The different levels of frailty are represented
as no frailty (horizontal lines), pre-frailty (Fried) or mild frailty (Vigorito) (vertical lines) and frailty
(Fried) or moderate frailty (Vigorito) (diagonal lines). Note: Severe frailty (Vigorito) was not detected
in the subjects and, thus, are not represented in the figure. Results are expressed as % within males
and within females per CVD for each subcategory of frailty (in CORO, PCI, CABG and HF patients)
or as % within CVD for total results (in CORO, PCI, CABG and HF patients) or as % within total
population (for total results in last graph) (e). CABG, coronary artery bypass grafting; CORO,
coronarography; F, females; HF, heart failure; M, males; PCI, percutaneous coronary intervention.

3.3. Frailty Characteristics Based on Vigorito et al.’s Frailty Assessment Tool

Based on the comprehensive multi-perspective frailty assessment tool developed
by Vigorito et al. [26], 44% of the patients were categorised as having minor to severe
frailty, of which significantly more CVD patients suffered from minor vs. moderate frailty
(34% vs. 10%, p < 0.001), while severe frailty was not detected. The highest prevalence of
frailty was detected in HF patients (70%) and CABG patients (44%), while the frailty preva-
lence rates were lower in CORO (30%) and PCI (7%) patients. Major differences between
HF patients and other patient populations were identified for nearly all outcomes (p < 0.05).
Moreover, frailty was more prevalent in females than in males (53% vs. 38%, respectively)
in the total population and within each CVD individually because of significant differences
in gait speed, handgrip strength and TUG (p < 0.05) (see Tables 3 and 4 and Figure 1).
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Table 4. Analysis of the frailty component scores, according to CVD and sex, based on Vigorito et al.’s
frailty assessment tool.

Total
(n = 133)

CORO
(n = 27)

PCI
(n = 30)

CABG
(n = 16)

HF
(n = 60)

MNA
(/30)

Total 23.6 ± 3.6 25.8 ± 3.2 * 25.3 ± 2.2 ** 23.8 ± 3.2 21.8 ± 3.4

M 24.2 ± 3.1 25.8 ± 3.3 25.5 ± 1.7 23.8 ± 3.4 22.9 ± 2.9 †

F 22.8 ± 4.0 25.8 ± 3.2 25.0 ± 2.9 23.8 ± 0.4 20.8 ± 3.7

Katz independence in ADL
(n)

Total 5.2 ± 1.3 5.5 ± 1.1 * 6.0 ± 0.0 ** 5.4 ± 1.1 4.7 ± 1.5

M 5.3 ± 1.3 5.6 ± 1.1 6.0 ± 0.0 5.3 ± 1.1 4.7 ± 1.5

F 5.1 ± 1.3 5.5 ± 1.1 6.0 ± 0.0 6.0 ± 0.0 4.6 ± 1.5

Gait speed
(m/s)

Total 0.87 ± 0.48 1.03 ± 0.44 * 1.27 ± 0.36 ** 0.92 ± 0.48 *** 0.59 ± 0.36

M 0.98 ± 0.52 † 1.21 ± 0.47 † 1.34 ± 0.40 0.98 ± 0.48 0.63 ± 0.40

F 0.73 ± 0.38 0.85 ± 0.31 1.15 ± 0.24 0.51 ± 0.24 0.55 ± 0.33

TUG (s)

Total 14.4 ± 9.0 11.5 ± 6.9 * 8.3 ± 2.5 ** 12.9 ± 7.7 19.1 ± 9.8

M 13.5 ± 9.3 † 10.3 ± 8.4 † 7.8 ± 2.1 11.8 ± 6.3 19.5 ± 10.5

F 15.6 ± 8.5 12.9 ± 4.8 9.2 ± 2.9 20.6 ± 14.9 18.7 ± 9.3

Handgrip strength (kg)

Total 26.7 ± 11.8 30.7 ± 13.2 * 33.1 ± 11.1 ** 31.1 ± 9.0 *** 20.5 ± 9.1

M 33.3 ± 10.7 † 38.8 ± 13.3 † 39.0 ± 9.3 † 33.0 ± 7.7 27.1 ± 7.9 †

F 17.9 ± 6.2 22.0 ± 4.9 22.9 ± 4.7 17.9 ± 6.2 14.4 ± 4.9

MMSE
(/30)

Total 26.2 ± 3.2 27.3 ± 2.5 * 27.6 ± 1.7 ** 26.8 ± 4.1 *** 24.9 ± 3.4

M 26.3 ± 3.3 27.7 ± 2.2 27.7 ± 1.7 26.6 ± 4.3 24.6 ± 3.3

F 26.1 ± 3.2 26.9 ± 2.9 27.5 ± 1.8 28.0 ± 1.4 25.1 ± 3.4

GDS-15
(/15)

Total 3.2 ± 2.3 3.3 ± 3.0 2.2 ± 1.8 ** 2.8 ± 1.9 3.9 ± 2.0

M 3.0 ± 2.2 3.3 ± 2.7 2.0 ± 1.6 2.5 ± 2.0 3.9 ± 2.1

F 3.5 ± 2.4 3.4 ± 3.4 2.6 ± 2.0 4.5 ± 0.7 3.8 ± 2.0

Number of medications
(n)

Total 8.3 ± 3.4 6.6 ± 3.2 * 7.2 ± 2.4 ** 7.8 ± 2.5 9.9 ± 3.4

M 8.2 ± 3.6 6.2 ± 3.4 6.8 ± 2.3 7.8 ± 2.6 10.0 ± 3.8

F 8.6 ± 3.1 6.9 ± 3.0 7.7 ± 2.4 7.5 ± 2.1 9.7 ± 3.2

Total frailty score

Total 6.2 ± 4.8 3.8 ± 3.8 * 2.4 ± 2.1 ** 5.6 ± 4.2 9.4 ± 4.2

M 5.6 ± 4.7 3.2 ± 3.7 2.2 ± 2.0 5.3 ± 4.4 9.2 ± 4.2

F 7.0 ± 4.8 4.5 ± 4.0 2.7 ± 2.5 7.5 ± 3.5 9.6 ± 4.3

ADL, activities of daily living; CABG, coronary artery bypass grafting; cm, centimetre; CORO, coronarography;
F, females; GDS, Geriatric Depression Scale; HF, heart failure; kg, kilogram; M, males; m, metre; MNA, Mini
Nutritional Assessment; MMSE, Mini-Mental State Examination; n, number; PCI, percutaneous coronary inter-
vention; s, seconds; SD, standard deviation; TUG, timed up-and-go test; p < 0.05 * CORO vs. HF; ** PCI vs. HF;
*** CABG vs. HF; † p < 0.05 between sexes. Results are expressed as mean ± SD.

3.4. Comparison between Vigorito and Fried Frailty Criteria

Some level of frailty was detected in 44% of the patients according to Vigorito et al.’s
frailty assessment tool (from mild to severe frailty) and in 65% of the patients according to
the Fried phenotype (from pre-frail to frail) (x2 = 57.95, p < 0.001) (see Figure 1). However,
according to Vigorito et al.’s tool, significantly more CVD patients suffered from minor vs.
moderate frailty (34% vs. 10%, p < 0.001), while the Fried phenotype did not succeed in
detecting any significant difference in the number of pre-frail vs. frail patients (26% vs. 38%,
p = 0.11).

Moreover, 51 patients were detected as being frail according to Fried. However, of
these patients, Vigorito criteria classified 25% as having moderate frailty, 69% as having
minor frailty and 6% as being non-frail. Similarly, of the 35 patients classified as pre-frail
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according to Fried, only 3% of the patients were classified as having moderate frailty, and
29% had minor frailty, while 69% of them were not frail according to Vigorito. As the
largest proportion of pre-frail patients based on Fried seem to not be frail according to
Vigorito and frail patients based on Fried seem to mainly have minor frailty according to
Vigorito, we suggest that, based on these data, the Fried criteria may overestimate frailty
and its severity. The same findings emerged when a comparison was made between older
and younger CVD patients. Moreover, based on this analysis, a significant association was
found between age and frailty status (see Appendix A Table A4).

3.5. Creation of New Frailty Test Battery

To examine which frailty measurements could contribute to the prediction of frailty in
CVD patients and should thus be executed in clinical settings, multivariate correlations
between all frailty assessments (in particular, the components of the Fried and Vigorito
frailty assessments and all additional frailty measurements) and the total frailty score
according to Vigorito et al. were determined. From these analyses, the following param-
eters correlated significantly (p < 0.05) with the total Vigorito frailty score: walking time
(r = 0.854), TUG (r = 0.845), gait speed (r = −0.823), TCST (r = 0.740), MNA (r = −0.727),
Katz scale (r = −0.694), number of medications (r = 0.641), handgrip strength (r = −0.607),
MMSE (r = −0.559), knee extension strength (right leg) (r = −0.549), hip flexion strength
(right leg) (r = −0.548), hip flexion strength (left leg) (r = −0.539), GDS−15 (r = 0.531) and
knee extension strength (left leg) (−0.526).

Finally, a multivariate regression model was built to decide which test should be main-
tained so that it has as few measurements as possible but optimal predictive power. In this
model, the total frailty score of Vigorito et al.’s frailty assessment tool was considered the
dependent variable, while all frailty assessments/parameters were considered independent
variables. To detect frailty (R2 = 0.95), sex, MNA, Katz scale, TUG, handgrip strength,
MMSE, GDS-15, total number of medications and the interaction of Katz scale and TUG
should be assessed.

Based on these parameters, which are components of Vigorito et al.’s frailty assessment
tool, a new formula was developed (r = 0.98 with Vigorito score, p < 0.001):

Total frailty score = [(18.221173 + (1.1454217 × sex] + (−0.267283 × MNA
score)] + (−0.947011 × Katz scale score) + (0.2157993 × TUG score) +
(−0.081659 × handgrip strength score) + [−0.18281 × MMSE score) +
(0.2700342 × GDS-15 score) + (0.2264091 × total number of medications) +
[0.0453303 × (Katz scale score − 5.21805) × (TUG score − 14.3608)]]

In order to avoid false-negative frailty diagnoses, a sensitivity of 1.0 was determined
with a corresponding specificity of 0.54, resulting in a cut-off score of ≥5.56 pointing
towards frailty according to this newly proposed frailty score (see Table 5 and Figure 2).

Table 5. Cut-off scores and corresponding sensitivity and specificity analyses of the newly developed
frailty assessment battery.

Cut-Off Score Sensitivity Specificity

−1.71 1.00 0.00

−0.34 1.00 0.03

0.09 1.00 0.06

0.42 1.00 0.08

0.65 1.00 0.10

0.85 1.00 0.13

1.09 1.00 0.17
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Table 5. Cont.

Cut-Off Score Sensitivity Specificity

3.04 1.00 0.35

5.56 1.00 0.54

7.02 0.63 0.60

7.17 0.50 0.60

7.27 0.38 0.60

7.46 0.25 0.61

7.92 0.13 0.64

9.09 0.00 0.67

11.2 0.00 0.83

13.3 0.00 0.91

15.07 0.00 0.96

17.32 0.00 0.98

18.90 0.00 1.00
Note: The bold format indicates the preferred cut-off score which should be used when implementing the newly
proposed frailty assessment tool to detect frailty.

 
(a) 

 
(b) 

Figure 2. ROC curve (a) and plot (b) of the new regression formula vs. the total frailty score of
Vigorito et al.
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3.6. Association of Frailty with 6-Month Clinical Outcomes

To examine the association of frailty with clinical outcomes, hospitalisations and mortality
up to six months after the initial hospital admission were examined. During this period, 39%
of the patients were readmitted to the hospital, and 56% of these hospitalisations were
attributed to HF patients. The hospital admissions were mainly of cardiovascular, pulmonary
or metabolic origin (65%), followed by orthopaedic (e.g., falls, fractures, amputations) (13%)
and neurological events (e.g., stroke) (3%), while 20% were classified as another event (e.g.,
epistaxis, wound problems, hematomas, etc.). Six months after the initial hospital admission,
7% of the subjects died, of which 89% were HF patients (OR 11.1).

Significant associations between (markers of) frailty and 6-month clinical outcomes
can be found in Table 6. Frailty and specific markers of frailty (e.g., handgrip strength)
were significantly associated with mortality and 6-month general, urgent, orthopaedic and
cardiovascular hospitalisations. Especially orthopaedic hospital admissions were associated
with frailty and several frailty components. Furthermore, specific Vigorito components are
more feasible for predicting mortality, while specific Fried components can better predict
6-month (urgent) hospitalisations.

Table 6. Significant associations between markers of frailty and 6-month clinical outcomes.

6-Month Clinical Outcomes Frailty Marker p-Value

Mortality

Frailty status according to Fried p = 0.002

Frailty status according to Vigorito p = 0.011

MNA p = 0.003

Gait speed p = 0.023

TUG p = 0.001

MMSE p = 0.042

Handgrip strength p = 0.006

Frailty status according to the newly developed frailty
assessment battery p = 0.017

6-month hospitalisations

Frailty status according to Fried p = 0.030

Handgrip strength p = 0.004

Exhaustion p = 0.011

6-month urgent hospitalisations

Frailty status according to Fried p = 0.032

Handgrip strength p = 0.013 (Fried)
p = 0.019 (Vigorito)

Exhaustion p = 0.032

Physical activity p = 0.03

Frailty status according to the newly developed frailty
assessment battery p = 0.04

Orthopaedic hospitalisations

Frailty status according to Fried p = 0.005

Handgrip strength p = 0.033

Gait speed p = 0.023

Frailty status according to Vigorito p = 0.022

Gait speed p = 0.025

MNA p = 0.018

GDS-15 p = 0.003

Cardiovascular hospitalisations Handgrip strength (Fried) p = 0.028

GDS-15, Geriatric Depression Scale; MMSE, Mini-Mental State Examination; MNA, Mini Nutritional Assessment;
TUG, timed up-and-go test.
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Moreover, subgroup analysis (HF vs. CAD) did not reveal any significant associations
with the newly proposed frailty assessment battery.

4. Discussion

This was the first study that aimed to analyse the prevalence of frailty in hospitalised
CVD patients using the Fried vs. Vigorito criteria. Moreover, we were able to define which
tests should be included in such an assessment to generate a time- and cost-efficient frailty
assessment tool for CVD patients, allowing the development of a multi-component and
sex-specific frailty assessment tool.

In this study, 70% of HF patients and 44% of CABG patients were frail, compared with
only 30% of CORO patients and 7% of PCI patients. These data confirm that the more severe
CVD patients (HF and CABG) more often suffer from (more severe) frailty. Indeed, while
moderate frailty was mostly detected in CABG and HF patients, CORO and PCI patients
mostly suffered from minor frailty. These higher prevalence rates and more severe levels of
frailty in HF patients could be mainly explained by the more severe disease characteristics,
such as dyspnoea, exhaustion or peripheral oedema. This is further confirmed by the
high prevalence rates of frailty in older (≥80 years) as well as in younger (<80 years) HF
patients (82.4% vs. 53.8% according to Vigorito and 85.3% vs. 50.0% according to Fried).
However, severe frailty was not detected even in the most severe CVDs such as HF. This
could be explained by the fact that most HF patients were classified as New York Heart
Association (NYHA) class II or III. Frailty was more prevalent in females than in males
in the total population (53% vs. 38%) as well as within each CVD individually. This
was mainly due to significantly lower/worse outcomes in gait speed, handgrip strength
and TUG and a trend for a lower MNA score, although lower results can be expected
in females than in males. We thus can conclude that, despite the finding that most of
the participants were not frail or mildly frail, CABG and HF patients are especially at
risk for developing or experiencing frailty, particularly females, which is supported by
previous evidence [12]. Frailty is related to several adverse health outcomes, such as
functional decline with an increased risk of dependency (because of falls, difficulties with
mobility, impairment of basic and instrumental ADL), poor cognition (with an increased
incidence of dementia and delirium) and a decreased quality of life (subjective health, mood,
engagement and social relations), resulting in increased healthcare consumption with more
frequent hospitalisations (such as emergency room visits and surgical complications),
institutionalisation and, finally, premature death [11]. Therefore, it might be advisable
to execute frailty screenings more often in clinical practice in these patients and initiate
preventive measures accordingly. In this regard, exercise training, in combination with
nutritional support, is highly recommended [37–41].

Along with the potential of the Vigorito frailty assessment tool to detect frailty in
several domains (physical, psychosocial, cognitive) in CVD patients (in contrast to the
Fried phenotype), Vigorito et al.’s frailty assessment tool reported a lower prevalence of
frailty (44%) and of minor (34%) compared to moderate (10%) frailty. The Fried phenotype
reported a larger percentage of frailty (64%) and of frail compared to pre-frail patients. By
examining frailty in several domains, Vigorito et al.’s tool has the capacity to only consider
a patient frail when several domains are affected and could be more sensitive in detecting
small differences in frailty severity, while the Fried tool may have a smaller latitude and
be limited by a ceiling effect. Moreover, the Fried phenotype can be somewhat subjective,
as, for example, the two questions regarding exhaustion are often difficult for patients to
answer correctly. Furthermore, registration of involuntary weight loss only does not always
fully capture the nutritional status of the patients.

However, the Vigorito frailty assessment tool is not yet validated in CVD patients.
Therefore, based on all frailty measurements that we performed in this study, we tried to
analyse which measurements could contribute to the prediction of frailty and related hospi-
talisations and mortality in CVD patients based on the model proposed by Vigorito et al.
Based on multivariate regression analysis, sex, MNA, Katz scale, TUG, handgrip strength,
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MMSE, GDS-15 and total number of medications are collectively the best predictors of frailty
(model R2 = 0.95). Based on this specific frailty assessment tool, which comprises compo-
nents of Vigorito et al.’s frailty assessment tool, the presence of frailty in CVD patients can
be feasibly detected in a time- and cost-efficient way, as is it takes only 10–15 min, while,
except for a handgrip dynamometer, no expensive equipment is required. Thus, this score
calculator can be implemented in clinical practice and/or validated in subsequent studies:

[(18.221173 + (1.1454217 × sex] + (−0.267283 × MNA score)] + (−0.947011 ×
Katz scale score) + (0.2157993 × TUG score) + (−0.081659 × handgrip strength
score) + [−0.18281 × MMSE score) + (0.2700342 × GDS-15 score) + (0.2264091
× total number of medications) + [0.0453303 × (Katz scale score − 5.21805) ×

(TUG score − 14.3608)]]

Moreover, given the importance of avoiding false-negative frailty diagnoses in clinical
practice, a cut-off score corresponding to a sensitivity of 1.00 was determined. According to
this model, a frailty diagnosis is thus made with a score of 5.56 or higher, which corresponds
to a 100% probability of correctly detecting frailty with a false-positive probability of 46%.

Finally, we examined whether frailty is related to 6-month clinical outcomes. As all
three frailty assessment batteries (Fried χ2 = 10.431, p = 0.002; Vigorito χ2 = 7.755, p = 0.011;
and the newly developed battery χ2 = 5.953, p = 0.017) found significant associations
between frailty and mortality, we can conclude that frailty indeed increases the mortality
risk. These increased mortality rates in frail CVD patients were previously confirmed
in a recent systematic review [12]. Moreover, given the significant association between
hospitalisations and frailty according to Fried, there are indications that frailty also increases
the risk for (urgent) hospital admissions. Based on a logistic regression model, the stronger
association of frailty with mortality, in comparison with hospitalisations, was further
confirmed, given the significant associations between several frailty assessment components
(MNA, Katz scale, walking time, gait speed, TUG, MMSE and number of medications)
and mortality in comparison with hospitalisations (only walking time, handgrip strength
and GDS). It thus seems possible that frailty in CVD patients is more related to increased
mortality instead of increased risk for hospitalisation. Moreover, when we examine the
specific frailty components of Fried vs. Vigorito, it seems that mainly specific Vigorito
components are more able to predict mortality, while specific Fried components can better
predict 6-month (urgent) hospitalisations. Furthermore, as especially orthopaedic hospital
admissions were associated with frailty and several frailty components, there are indications
that especially a low handgrip strength and gait speed, a worse nutritional status and a
depressed state can result in hospital admissions due to fall incidents and related fractures.
These findings again confirm the importance of the early detection and multidisciplinary
treatment of frailty in order to prevent hospitalisations and mortality.

Based on the multivariate regression model, we were able to select specific frailty mea-
surements that were highly qualified to predict frailty. Based on this newly proposed frailty
assessment tool, it will now be possible to examine frailty in a sex-specific and multidi-
mensional way. Moreover, by using the proposed formula, the exact score of each frailty
measurement can be input, which will then result in an automatic and therefore simple and
time-efficient calculation of the frailty score. As this easy-to-use tool does not necessitate ex-
tensive education, it will therefore be accessible for all members of the healthcare professional,
which will further encourage a multidisciplinary frailty approach. Usage of this exact score is
an important advantage over the Vigorito tool, in which it is unclear how raw data of MNA
and TUG should be rounded to interpret the frailty severity. Moreover, the Vigorito tool only
takes into account specific criteria for men vs. women for the handgrip strength criteria, in
contrast to other sex-influenced criteria such as TUG and gait speed. Furthermore, based on
the sensitivity and specificity curves (Table 5), it will be possible to check the sensitivity and
accompanying specificity of the preferred cut-off scores. We thus can conclude that this newly
developed frailty assessment battery provides several advantages over the Fried and Vigorito
tools to more objectively examine frailty in CVD patients.
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Some study limitations should be taken into account. First, the sample sizes were not
equal across all of the different CVDs, and especially CABG patients were underrepresented
in this study. Second, the frailty assessment battery was not performed on the same day of
hospitalisation for all patients, which could have caused differences in the physical status of
the patients. Moreover, a modified version of the Fried criteria was used by implementing the
Katz scale to examine the level of physical activity instead of the original Minnesota Leisure
Time Activity questionnaire. Although this Katz scale was more in accordance with the
study population, the use of a modified version of the Fried criteria has to be acknowledged.
Moreover, as no severely frail patients were detected in this study, it may be worthwhile
to further evaluate the diagnostic power of the Vigorito frailty assessment tool in a larger
population of CVD patients. Furthermore, we aimed to develop a new frailty assessment
battery based on a multivariate regression model with the total Vigorito frailty score as a
dependent variable. However, it remains important to acknowledge that this Vigorito frailty
assessment tool has not yet been validated and thus requires further research.

Finally, there are indications that certain biomarkers (such as NT-proBNP) may be
associated with the presence of frailty in older HF patients. To further optimize frailty
diagnosis, it may thus be promising to explore the potential role of biomarkers in future
research [42].

5. Conclusions

To detect frailty, including at an early stage, in patients with CVD, sex, MNA, Katz scale,
TUG, handgrip strength, MMSE, GDS-15 and total number of medications play a key role.
A new simple, time- and cost-efficient test battery for frailty with sufficient sensitivity and
specificity, accessible for all healthcare professionals, is proposed in this study.
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Appendix A

Table A1. Frailty phenotype according to Fried et al. [13].

Weight loss

“In the last year, have you lost more than 10 pounds unintentionally (i.e., not due to dieting or exercise)?” If
yes, then frail for weight loss criterion. At follow-up, weight loss was calculated as: (Weight in previous

year–current measured weight)/(weight in previous year) = K. If K ≥ 0.05 and the subject does not report
that he/she was trying to lose weight (i.e., unintentional weight loss of at least 5% of previous year’s body

weight), then frail for weight loss = Yes.

Exhaustion

Using the CES–D Depression Scale, the following two statements are read. (a) I felt that everything I did was
an effort; (b) I could not get going. The question is asked: “How often in the last week did you feel this way?”

0 = rarely or none of the time (<1 day)
1 = some or a little of the time (1–2 days)

2 = a moderate amount of the time (3–4 days)
3 = most of the time.

Subjects answering “2” or “3” to either of these questions are categorized as frail for the exhaustion criterion.
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Table A1. Cont.

Physical activity

Based on the short version of the Minnesota Leisure Time Activity questionnaire, asking about walking,
chores (moderately strenuous), mowing the lawn, raking, gardening, hiking, jogging, biking, exercise cycling,
dancing, aerobics, bowling, golf, singles tennis, doubles tennis, racquetball, calisthenics and swimming, kcals

per week expended are calculated using standardised algorithm. This variable is stratified by gender.
Men: Those with kcals of physical activity per week < 383 are frail.

Women: Those with kcals per week < 270 are frail.

Walk time

Cut-off for time to walk 15 feet criterion for frailty (Stratified by gender and height)

Men

Height ≤ 173 cm ≥7 s

Height > 173 cm ≥6 s

Women

Height ≤ 159 cm ≥7 s

Height > 159 cm ≥6 s

Grip strength

Cut-off for grip strength (kg) criterion for frailty (stratified by gender and BMI quartiles)

Men

BMI ≤ 24 ≤29

BMI 24.1–26 ≤30

BMI 26.1–28 ≤30

BMI > 28 ≤32

Women

BMI ≤ 23 ≤17

BMI 23.1–26 ≤17.3

BMI 26.1–29 ≤18

BMI > 29 ≤21

BMI, body mass index; kcals, kilocalories; CES-D, Center of Epidemiologic Studies—depression subscale;
kg, kilogram.

Table A2. Vigorito et al.’s frailty assessment tool.

No Frailty
Minor
Frailty

Moderate
Frailty

Severe
Frailty

Score 0 Score 1 Score 2 Score 3

MNA (/30)

A validated screening and assessment tool to identify persons of 65 years or older who are
malnourished or at risk of malnutrition based on 6 screening questions and 12 assessment questions.

A lower score indicates a higher risk of malnutrition.

≥25 21–24 17–20 <17

Katz independence in ADL
(6 activities)

A screening tool to examine the level of (in)dependence in activities of daily living (ADL) (bathing,
dressing, transfers, toileting, continence and eating). Complete independence in performing these
activities results in a score of 1, while any dependence (from partial to full help required) is scored
as 0. This results in a total score from 0 to 6 (i.e., number of independent activities), in which the

highest score is associated with complete independence in 6 ADLs.

5–6 activities 3–4 activities 1–2 activities 0 activities

Gait speed (m/s)

Evaluation of the gait speed (expressed in metres per second (m/s) based on a 4.6 m walking test
(use of walking aids is permitted).

≥0.80 0.61–0.79 0.40–0.60 <0.40
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Table A2. Cont.

No Frailty
Minor
Frailty

Moderate
Frailty

Severe
Frailty

Score 0 Score 1 Score 2 Score 3

TUG (s)

A test that evaluates a combination of mobility, balance and lower-extremity strength. The subject
has to stand up from a chair (use of armrests permitted), walk 3 m, return and sit down in the chair

again as quickly but safely as possible (use of walking aids is permitted). The walking time is
registered in seconds.

≤10 11–14 15–20 >20

Handgrip strength (kg)

Evaluation of the handgrip strength (kg) of the dominant hand with a handheld dynamometer. The
subject has to squeeze three times, and the highest value is taken into account for the evaluation of

frailty severity.

F >15.6 11.4–15.6 7.3–11.3 ≤7.2

M ≥30.6 25.7–30.5 19.0–25.6 ≤18.9

MMSE (/30)

A valid and reliable screening tool to detect cognitive disabilities in older adults in the domains of
orientation in time and space, registration, attention and calculation, recall, language and copying.

A lower score indicates a lower level of cognitive abilities.

>24 21–24 16–20 ≤15

GDS-15 (/15)

A screening tool for older adults consisting of 15 questions to detect the presence of a depressive
mood. A higher score indicates a more depressed state.

<3 3–5 6–10 11–15

Number of medications (n)
Registration of the use of medications. Vitamins, minerals and food supplements are not included.

1–4 5–8 9–12 >12

TOTAL SCORE 0–6 7–12 13–18 19–24

ADL, activities of daily living; GDS. Geriatric Depression Scale; m, metre; MMSE, Mini-Mental State Examination;
MNA, Mini Nutritional Assessment; s, seconds; TUG, timed up-and-go test.

Table A3. Additional frailty measures.

IPAQ (long version)
(METS/min/week)

An evaluation tool that examines the level of physical activity spent in the previous seven days in the
domains of work, transportation, domestic/garden and recreation/sport/leisure time as well as the

time spent sitting. A higher score indicates a higher level of physical activity.

Muscle strength (kg)

Evaluation of the muscle strength of the knee extensors (sitting position with hip and knee flexed 90◦)
and hip flexors (supine position with hip flexed 90◦) of both legs, measured with the MicroFET®

dynamometer (Hoggan Health Industries Inc., West Jordan, UT, USA). Each measurement is repeated
three times, and the highest value is used in the data analysis.

Timed chair stand test (s)
A test that evaluates the functional muscle strength of the lower limbs. The subject has to stand up
five times from a chair, without using armrests (arms crossed at the chest), and has to return to the

sitting position as fast and as safely as possible. The time is registered in seconds.

FES-I (/64) A questionnaire that examines the level of concern about falling during 16 social and physical
activities. A higher score indicates a higher level of concern about falling.

FES-I, Falls Efficacy Scale International; IPAQ, International Physical Activity Questionnaire; kg, kilograms; METS,
metabolic equivalents; min, minutes; s, seconds.
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Table A4. (1) Frailty analysis (in %) according to the Fried phenotype per age group (p < 0.001).
(2) Frailty analysis (in %) according to the Vigorito frailty assessment tool per age group (p = 0.022).
(3) Frailty analysis (in %) according to the newly developed frailty assessment tool per age group
(p < 0.001).

(1)

65–75 years >75 years

Not frail 49.0 26.8

Pre-frail 33.3 22.0

Frail 17.6 51.2

(2)

65–75 years >75 years

Not frail 70.6 46.3

Mild frail 21.6 41.5

Moderate frail 7.8 12.2

(3)

65–75 years >75 years

Not frail 70.6 37.8

Frail 29.4 62.2
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Abstract: Acute heart failure (AHF) is a cardiac emergency with an increasing incidence, especially
among elderly patients. The Emergency Heart failure Mortality Risk Grade (EHMRG) has been
validated to assess the 7-days AHF mortality risk, suggesting the management of patients admitted to
an emergency department (ED). EHMRG has never been implemented in Italian ED nor among elderly
patients. We aimed to assess EHMRG score accuracy in predicting in-hospital death in a retrospective
cohort of elderly subjects admitted for AHF from the ED to an Internal Medicine Department. We
enrolled, in a 24-months timeframe, all the patients admitted to an Internal Medicine Department
from ED for AHF. We calculated the EHMRG score, subdividing patients into six categories, and
assessing in-hospital mortality and length of stay. We evaluated EHMRG accuracy with ROC curve
analysis and survival with Kaplan–Meier and Cox models. We collected 439 subjects, with 45 in-
hospital deaths (10.3%), observing a significant increase of in-hospital death along with EHMRG
class, from 0% (class 1) to 7.7% (class 5b; p < 0.0001). EHMRG was fairly accurate in the whole
cohort (AUC: 0.75; 95%CI: 0.68–0.83; p < 0.0001), with the best cutoff observed at >103 (Se: 71.1%;
Sp: 72.8%; LR+: 2.62; LR-: 0.40; PPV: 23.0%; NPV: 95.7%), but performed better considering the
events in the first seven days of admission (AUC: 0.83; 95%; CI: 0.75–0.91; p < 0.0001). In light of
our observations, EHMRG can be useful also for the Italian emergency system to predict the risk of
short-term mortality for AHF among elderly patients. EHMRG performance was better in the first
seven days but remained acceptable when considering the whole period of hospitalization.

Keywords: EHMRG; acute heart failure; prognosis; emergency department

1. Introduction

Acute heart failure (AHF) represents a cardiac emergency that is often managed in the
emergency departments (ED) and then treated, according to its severity and prognosis, in
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ED short stay areas, internal medicine or cardiology wards, or—in the most severe cases—in
subintensive or intensive care units [1]. Both de novo AHF and acutely decompensated
heart failure (ADHF) are characterized by high mortality and increased hospitalization and
re-hospitalization rates, which result in increased healthcare costs and significant mortality
and morbidity [2,3].

Therefore, physicians involved in the decision-making process of AHF/ADHF are
required to decide whether to admit, place them in short-stay or observation or directly
discharge patients with AHF/ADHF. A relevant proportion of these subjects are directly
discharged from ED, and this subpopulation is at the highest risk of short-term adverse
events, including early re-hospitalization and death [4,5]. Physician’s clinical gestalt is
often adopted to assess patients′ prognosis and decide the disposition, although it is widely
recognized as a non-accurate method [6,7] that can lead to unnecessary hospitalizations or,
on the other side, to serious adverse events related to an early discharge. Of note, there
is a substantial overlap in the prognostic profiles of ED patients who are subsequently
discharged or hospitalized. This phenomenon can be explained by the fact that diagnostic
approaches are often not clear and linear, with the risk of admitting low-risk patients and
discharging subjects with only an apparent low risk, thus increasing the risk of serious
events. Therefore, several prognostic algorithms have been studied to improve AHF
prognostic evaluation in the ED [8].

Several factors have been considered in AHF prognosis, and several authors suggested
evaluating six fundamental dimensions in these patients: blood pressure, heart rate, heart
rhythm, precipitating factors, comorbid conditions, and clinical severity [9]. Previous
prognostic studies have focused on AHF/ADHF patients who have been hospitalized but
have resoundingly excluded those discharged from the ED [10–13], although it should
be pointed out that those discharged from the ED may be a substantial proportion of all
patients with HF and may also be at significant risk of acute mortality [7]. This observation
limits the use of previous hospitalization-based risk algorithms in the broader context of
ED. Thus, there is no guarantee that AHF risk algorithms developed in patients already
admitted will identify those who can be safely discharged from ED [14].

Most of the risk stratification tools for AHF were designed in cohorts of cardiology in-
patients [10,12], therefore, not being applicable to other populations, like ED patients [15,16].
Among the others, the most adopted tools to stratify AHF prognosis in clinical practice
are the OPTIMIZE-HF and the ADHERE risk scales, which were specifically designed to
improve in-hospital management of patients with AHF/ADHF [17,18]. However, since the
derivation and validation cohorts were used in specific clinical settings, the possibilities
to extend these clinical prediction rulers (CPRs) in other clinical settings, such as in ED
or Internal Medicine, and in the short-term prognosis are limited [19]. Recently, several
authors proposed specific risk scores for the ED to fill this gap: among the others, the
Ottawa Heart Failure Risk Scale (OHFRS), the MEESSI risk score, and the Emergency Heart
Failure Mortality Risk Grade (EHMRG) are the most studied and validated scores in this
setting [20–22]. EHMRG is based on commonly adopted parameters but is very complex to
calculate without a smartphone app and can only predict mortality, while the other CPRs
are usually simpler to calculate but adopt some parameters that are more difficult to collect
during the primary assessment of a critical patient [20,22].

EHMRG was originally engineered and validated in Canada, then validated in other
countries, such as Spain, showing similar performances [23]. Italian patients are often older
and less burdened by atherosclerosis than American populations, while they are more
clinically and socially similar to Spanish subjects. However, a study on the implementation
of this score in the Italian sanitary system and in the Italian geriatric population is missing.
With this paper, we aimed to assess the efficacy of EHMRG score in predicting in-hospital
death in a cohort of elderly Italian subjects admitted for AHF in the ED.
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2. Materials and Methods

Background: Methods of this study have already been described elsewhere [24]. The
INRCA-IRCSS (National Institute for Care and Research in Aging, Ancona, Italy) Hospital
of Osimo (Ancona, Italy) is a primary hospital specializing in the acute care of elderly
subjects. Regarding AHF/ADHF, patients admitted to the ED can directly access the
Internal Medicine department. However, AHF associated with other acute conditions
(STE/NSTE myocardial infarction requiring revascularization, brady- or tachyarrhythmias
requiring pacing or other device therapy, acute valvular and cardiac diseases requiring
cardiac surgery, or severe associated critical illnesses, such as pulmonary embolism, septic
or cardiogenic shock that require admission to intensive care unit) are directly sent or to the
cardiac care unit of the same institute or to a tertiary-care hospital after pre-hospital or ED
evaluation. As such, very-high risk patients are not present in this sample, which mainly
includes subjects affected by ADHF or de novo AHF due to medical conditions, such as
arrhythmias, hypertensive crises, and other causes. ADHF/AHF was diagnosed by the
attending physician according to the ESC 2016 guidelines that were current at the moment
of the study [25].

Ethical Issues: This study was authorized on 6 May 2021 by the INRCA-IRCSS Ethical
Committee (CE INRCA, protocol n◦ 21011/21-CE) and then approved by INRCA Hospital
(protocol n◦ 193, 26 May 2021). All patients gave their informed consent and were treated
according to the guidelines current at the time of the study. We followed the Declaration of
Helsinki Ethical Principles for Medical Research Involving Human Subjects.

Enrolment, Inclusion, and Exclusion Criteria: In a 24-months timeframe (1 January
2018–30 December 2019), we retrospectively enrolled all the patients aged 60 or more years
and assessed in the ED, and then admitted to the Internal Medicine Department with
ADHF/AHF diagnosis. We adopted the same exclusion criteria of the original EHMRG
study [22]: (i) transfer from another department (ICU, Cardiology, Pneumology) or direct
admission from the heart failure ward, (ii) patients in end-of-life care due to active cancer
or other terminal comorbidities, (iii) dialysis-dependent subjects. We also excluded patients
with incomplete data that did not allow us to correctly calculate the EHMRG score.

Data Collection: We gathered history and vital signs at the ED arrival. For each
patient, we collected: age, modality of ED transport, systolic blood pressure (SBP), heart
rate (HR), oxygen saturation (SpO2), serum creatinine, serum potassium, serum troponin,
presence of active cancer, and metolazone use at home. From these items, we calculated the
absolute EHMRG score according to its original definition, as shown in Table 1, and then
recategorized the subjects into the six EHMRG categories (Class 1: −49.1; Class 2: from
−49.0 to −15.9; Class 3: from −15.8 to 17.9; Class 4: from 18.0 to 56.5; Class 5a: from 56.6 to
89.3; Class 5b: 89.4). Last, we evaluated the length of admission and in-hospital mortality.

Statistical Analysis: We presented continuous variables with normal distribution as
mean and standard deviation (SD) and compared them with a t-test for independent vari-
ables. We synthesized non-normally distributed variables with median and interquartile
range [IQR], adopting the Mann–Whitney U test. We presented categorical variables as
absolute number and percent, comparing them with the chi-squared test. We evaluated
the EHMRG accuracy for in-hospital death with ROC curve analysis, considering both the
events (discharge or in-hospital mortality) during the whole time of observation and the
events observed in the first seven days. We identified the best cutoff point with a critical
ROC curve assessment and adopted the Youden Index. We performed a univariate test to
select covariates, choosing the ones associated with the outcome of interest at a level of
p < 0.10 and excluding the items already considered in the EHMRG score to avoid multi-
collinearity. Last, we performed a Cox multivariate model considering days of admission
as the time variable, in-hospital death as the event variable, EHMRG category as the main
predictor, and the covariates selected by univariate test, both in the full sample and in the
seven days sample. We considered as significant all the differences at a level of p < 0.05. We
performed the analysis with SPSS 13.0 for Windows Systems (SPSS Inc., Chicago, IL, USA).
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Table 1. EHMRG Score.

Variable Units Factor

Age Years 2 × age

ED arrival by ambulance If “yes” +60

SBP mmHg −1 × SBP

Heart rate beats/min 1 × HR

Oxygen saturation % −2 × Oxygen Saturation

Creatinine mg/dL 20 × Creatinine

Serum potassium
• 4.0–4.5 mmol/L
• ≥4.6 mmol/L
• ≤3.9 mmol/L

• 0
• +30
• +5

Serum troponin >ULN +60

Active cancer If “yes” +45

Metolazone at home If “yes” +60

Adjustment factor +12

Total
Legend: EHMRG = Emergency Heart Failure Mortality Risk Grade; ED = emergency department; SBP = systolic
blood pressure; ULN = upper limit of normal.

3. Results

We obtained a cohort of 439 subjects with 45 (10.3%) deaths. Baseline characteristics of
the full cohort and of the events observed at seven days are synthesized in Table 2, while
differences between surviving and non-surviving subjects are shown in the Supplementary
Materials (Table S1).

Table 2. Baseline characteristics of the sample.

Clinical Variables
Full Cohort

(n = 439)
7 Days

(n = 138)

Age, years, (±SD) 84.6 (±7.7) 84.1 (± 8.3)

Males (n, %) 180 (41.0%) 64 (46.4%)

In-hospital death (n, %) 45 (10.3%) 22 (15.9%)

NYHA class, [IQR] 4 [1] 3 [1]

Length of hospitalization, days, [IQR] 10 [7] –

BNP on admission, pg/mL, [IQR] 600.5 [805] 560.5 [846]

SBP, mmHg, (±SD) 127.5 (±28.1) 128.0 (±28.2)

HR, bpm, (±SD) 89.4 (±24.6) 90.4 (±23.9)

SpO2, %, (±SD) 91.8 (±7.3) 92.0 (±7.07)

Creatinine, mg/dl, (±SD) 1.6 (±1.0) 1.45 (±0.99)

Potassium, mmol/l, (±SD) 4.00 (±0.69) 4.04 (±0.65)

Out of range Potassium, (n, %) 180 (41.1%) 74 (53.6%)

Troponin, ng/mL, [IQR] 0.05 [0.10] 0.05 [0.11]

Increased troponin, (n, %) 204 (46.5%) 63 (45.7%)

ED arrival by ambulance, (n, %) 284 (64.7%) 83 (60.1%)

Active cancer, (n, %) 77 (17.9%) 16 (11.6%)

Metolazone use, (n, %) 11 (2.6%) 1 (0.72%)
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Table 2. Cont.

Clinical Variables
Full Cohort

(n = 439)
7 Days

(n = 138)

EHMRG, [IQR] 69 [98.4] 60,8 [99.3]

EHMRG Class, [IQR] 5 [2] 5 [3]

AHF characteristics

ADHF (n, %) 370 (84.2%) 109 (78.9%)

AHF de novo (n, %)

• Arrhythmia
• Hypertensive crisis
• Other

• 36 (8.20%)
• 21 (4.78%)
• 12 (2.73%)

• 11 (7.97%)
• 12 (8.69%)
• 6 (4.34%)

Legend: AHF = acute heart failure; ADHF = acutely decompensated heart failure; BNP = brain-derived natriuretic
peptide; EHMRG = Emergency Heart Failure Mortality Risk Grade; HR = heart rate; IQR = interquartile range;
SBP = systolic blood pressure; NYHA = New York Heart Academy; SD = standard deviation; SpO2 = oxygen
saturation.

EHMRG predicted with fair accuracy in-hospital death in the whole cohort when
treated as continuous (AUC: 0.754; 95%CI: 0.68–0.83; p < 0.0001) and categorial (AUC: 0.727;
95%CI: 0.66–0.80; p < 0.0001), as shown in Figure 1A.

Figure 1. ROC curve analysis of continuous and categorial EHMRG for in-hospital death (panel
(A): whole sample; panel (B): first 7 days of admission).

Analyzing the ROC curve drawn from the continuous EHMRG variable, we ob-
served, at the optimal cutoff of 103, a sensitivity of 71.1% (95%CI: 55.7–83.6%), a speci-
ficity of 72.8% (95%CI: 68.2–77.2%), a positive likelihood ratio of 2.62 (95%CI: 2.0–3.4),
a negative likelihood ratio of 0.40 (95%CI: 0.2–0.6), a positive predictive value of 23.0%
(95%CI: 16.3–30.9%), a negative predictive value of 95.7% (92.7–97.7%). On the other hand,
analyzing the ROC curve drawn from the categorical EHMRG variable, we observed, at the
optimal cutoff of 3, a sensitivity of 95.6% (95%CI: 84.9–99.5%), a specificity of 22.1% (95%CI:
18.1–26.5%), a positive likelihood ratio of 1.23 (95%CI: 1.1–1.3), a negative likelihood ratio
of 0.20 (95%CI: 0.05–0.8), a positive predictive value of 12.3% (95%CI: 9.0–16.2%), a neg-
ative predictive value of 97.8% (95%CI: 92.1–99.7%), which was comparable to the one
observed in the original cohort. Prevalence of in-hospital death increased significantly
across EHMRG categories, ranging from 0% in the first to 7.7% in the last category, as
shown in Table 3 and in the Supplementary Materials (Figure S1, Panel A).
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Table 3. Distribution of in-hospital death according to EHMRG score (p < 0.0001).

EHMRG Category
In-Hospital Death

Full Sample
(n = 439)

7-Days Observation
(n = 138)

EHMRG Category 1 (n, %) 0 (0.0%) 0 (0.0%)

EHMRG Category 2 (n, %) 1 (0.2%) 0 (0.0%)

EHMRG Category 3 (n, %) 1 (0.2%) 0 (0.0%)

EHMRG Category 4 (n, %) 4 (4.1%) 2 (1.4%)

EHMRG Category 5a (n, %) 5 (1.1%) 3 (2.2%)

EHMRG Category 5b (n, %) 34 (7.7%) 17 (12.3%)

Total 45 (10.3%) 22 (15.9%)
Legend: EHMRG = Emergency Heart Failure Mortality Risk Grade.

When reducing the observation period to the events of the first seven days (138 pa-
tients, 22 in-hospital deaths), EHMRG accuracy significantly increased for both continuous
(AUC: 0.83; 95%CI: 0.75–0.91; p < 0.0001) and categorial (AUC: 0.80; 95%CI: 0.72–0.89;
p < 0.0001) variables, as shown in Figure 1B. According to these results, the optimal cut-
off was 4, holding a sensitivity of 90.9% (70.8–98.9%), a specificity of 55.2% (45.7–64.4%),
a positive likelihood ratio of 2.03 (95%CI: 1.6–2.6), a negative likelihood ratio of 0.16
(95%CI: 0.04–0.6), a positive predictive value of 27.8% (95%CI: 17.8–39.7%) and a nega-
tive predictive value of 97.0% (95%CI: 89.5–99.6%), which was comparable to the one
observed in the original cohort. Prevalence of in-hospital death increased significantly
across EHMRG categories, ranging from 0% in the first to 12.3% in the last category: in
this subgroup, the distribution of deaths was even more shifted towards higher EHMRG
categories, with a significant difference in the distribution (p < 0.0001), as synthesized in
Table 3 and in the Supplementary Materials (Figure S1, Panel B).

We observed in the univariate analysis that EHMRG class, NYHA category, BNP at
the admission, and sex were associated with in-hospital death, thus, we maintained these
variables in the final multivariate model. We did not include the other collected variables
from the multivariate model since they were already considered in the EHMRG score:
adding these features could have increased the risk of multicollinearity and the overinflation
of the model. Cox regression analysis underlined that both in the whole cohort and in the
seven-day events cohort, a one-unit increase in EHMRG category was associated with an
increased hazard ratio (HR) of in-hospital death (HR: 2.85; 95%CI: 1.64–4.98; p < 0.0001).
Furthermore, NYHA class was associated with an increased HR (HR: 2.84; 95%CI: 1.78–4.54;
p < 0.0001), while BNP at the admission and sex became non-significant in the multivariate
analysis. The full model is shown in the Supplementary Materials (Table S2, Panel A).
Considering the events in the first seven days, we observed similar results, as shown in the
Supplementary Materials (Table S2, Panel B).

4. Discussion

The EHMRG score has among its main strengths, the ease of use and the limited
number of items required for the calculation that makes this CPR ideal for use in an
Emergency Department. Particularly, EHMRG can be calculated only by vital parameters
and data retrieved from the first contact between the patient and the triage nurse, and
laboratory exams that are measured virtually in all the ED patients. However, despite its
usability, its accuracy should be assessed, especially when translated to populations or
emergency systems that differ from the original cohort, like all the clinical scores [24,26,27].

Our population varied from the original one [22] for a significantly older age (75.4± 11.4 years
in the original cohort versus 84.6 ±7.7 years in our cohort), a different pattern of comorbidities,
and a different sanitary system. Despite these differences, EHMRG maintained a similar
accuracy in predicting in-hospital death in the first seven days (original cohort AUC: 0.81;
95%CI: 0.77–0.85; this cohort AUC: 0.83; 95%CI: 0.75–0.91). Our sample had characteristics
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similar to a recently published Spanish cohort [23], however, the accuracy was probably
different for the different populations considered (ED patients in the Spanish cohort, ED
subjects admitted to Internal Medicine in this sample), and the inclusion in that cohort of
palliative patients.

When we extended the observation to the whole observation period, which was longer
than the original one, we observed that EHMRG maintained a fair accuracy (AUC: 0.75;
95%CI: 0.68–0.83), suggesting the potential use of this score both for the ED and the Internal
Medicine specialist.

However, at its best cutoffs (>103 in the continuous variable and >3 in the categorical
variable), EHMRG showed a remarkable capacity to identify subjects at low risk of short-
term events. According to our data, EHMRG accuracy in predicting death peaked when
considering the events observed in the first seven days, which is the original timeframe for
which EHMRG was designed to predict mortality. In this short period, EHMRG accuracy
improved, as underlined by a significant AUC increase, from 75 to 83%, which is similar to
the accuracy observed in the original and in the validation cohorts [22,23]. However, the
most important datum in all the ROC curve analyses performed is the negative likelihood
ratio, which was 0.20 when considering the whole cohort and 0.16 in the first seven days,
underlining an important capacity of this score in excluding the events, best if in the very
short-term. Moreover, the negative predictive values observed in this cohort are similar to
the ones observed in the original derivation and validation cohort. The capacity of EHMRG
in identifying very low-risk subjects seems to be especially useful in the ED, where the
physician needs to accurately identify patients that will not undergo complications after an
early discharge. On the other side, the capability of identifying low-risk subjects even after
the strict seven days can be useful both for the ED physician to choose the best care setting,
thus optimizing economic resources, and for the Internal Medicine specialist, who could
be able to assess the short-term prognosis even during the admission to choose the most
appropriate follow-up.

This study has its strengths: the population under exam comprises most of the patients
admitted in our ED since the internal protocols, in the presence of a very small, short-stay
area, did not allow to directly discharge the AHF patients. All the patients were followed
up during the admission to Internal Medicine, and this is another important point since
there were no patients lost after the ED disposition.

Limitations: the current study′s main limitation is related to its retrospective nature
and the relatively small sample size. Multicentric, prospective studies with larger samples
are necessary to obtain more reliable results in the same population. Moreover, to further
reduce the risk of bias, it would be important to perform these studies by enrolling the sub-
jects directly in the ED and following them up independently of their destination (discharge,
short-stay, regular or subintensive ward), which could be, however, very difficult for the
actual organization of the regional sanitary system, which allocates patients with different
degrees of severity in different hospitals and departments. Another point is related to the
lack of follow-up after discharge, which could be useful for assessing the early readmission
rates. This point could represent a potential implementation for future studies assessing
not only in-hospital mortality but also early readmissions rates: in fact, this composite
outcome could be a more reliable marker of therapeutic failure in these patients. Last, this
score does not suggest different therapeutic management during the in-hospital stay: a
potential implementation for future studies could be to assess whether a different treatment
according to this stratification could translate into better clinical outcomes.

5. Conclusions

The implementation of the EHMRG score can be useful to assess short-term prognosis
in elderly patients with AHF evaluated in the ED and then managed in Internal Medicine
in the Italian geriatric population. This score, however, seems to be more important to
rule-out short-term mortality than to rule-in events, especially in lower-risk classes.
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Abstract: Background: Information about health-related quality of life (HRQoL) in heart failure
(HF) in older adults is scarce. Methods: We aimed to describe the HRQoL of the SENECOR study
cohort, a single-center, randomized trial comparing the effects of multidisciplinary intervention by a
geriatrician and a cardiologist (intervention group) to that of a cardiologist alone (control group) in
older patients with a recent HF hospitalization. Results: HRQoL was assessed by the short version of
the disease-specific Kansas Cardiomyopathy Questionnaire (KCCQ-12) in 141 patients at baseline
and was impaired (KCCQ-12 < 75) in almost half of the cohort. Women comprised 50% of the
population, the mean age was 82.2 years, and two-thirds of patients had preserved ejection fraction.
Comorbidities were highly prevalent. Patients with impaired HRQoL had a worse NYHA functional
class, a lower NT-proBNP, a lower Barthel index, and a higher Clinical Frailty Scale. One-year
all-cause mortality was 22.7%, significantly lower in the group with good-to-excellent HRQoL (14.5%
vs. 30.6%; hazard ratio 0.28; 95% confidence interval 0.10–0.78; p = 0.014). In the group with better
HRQoL, all-cause hospitalization was lower, and there was a trend towards lower HF hospitalization.
Conclusions: The KCCQ-12 questionnaire can provide inexpensive prognostic information even in
older patients with HF. (Funded by grant Primitivo de la Vega, Fundación MAPFRE. ClinicalTrials
number, NCT03555318).

Keywords: quality of life; heart failure; older patients; prognosis

1. Introduction

Heart failure (HF) is one of Western society’s major public health problems. The
epidemiological dimension of HF, its clinical complexity, the impact on patients’ quality
of life, and the burden it represents for a health system with finite resources [1] make
this syndrome one of the greatest health, organizational, and economic challenges of the
present day.

The clinical practice guidelines of the European Society of Cardiology [2] establish
that the main goals of the treatment of patients with HF are to improve quality of life,
reduce mortality, and reduce hospitalizations. Classically, the efficacy endpoint used to
evaluate new therapies in HF is to reduce mortality. On the one hand, mortality has the
advantage that it is a strong and an easy-to-measure event. On the other hand, it has an
important disadvantage: being the final manifestation of the disease, it does not represent
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the clinical course until the fatal outcome, or the evolution of those patients who do not
die [3]. Thus, considering that HF is a chronic and progressive disease with florid symptoms
and significant repercussions on functionalism, an ideal efficacy endpoint should reflect
both the symptoms and the patient’s subjective perception of their health status [3–6].
In this way, assessing health-related quality of life (HRQoL) as an efficacy endpoint in
HF is crucial. It provides precious information on both the patients who survive and
those who die. It has been shown that HRQoL in HF correlates well with both disease
severity and mortality and allows cost-effectiveness evaluations when implementing new
therapeutic options [7,8]. The measurement of HRQoL is easy and inexpensive since it is
carried out through questionnaires that can be generic or specific to the disease. HRQoL is a
multidimensional concept that includes four fundamental aspects: physical, psychological,
social, and functional status. The multidimensional nature of HRQoL allows for capturing
a complete perspective of the patient. The impairment of HRQoL in HF is reflected, above
all, in the functional dimension, with particular repercussions in the domains that inform
about mobility and activities of daily living [9].

Information on HRQoL in HF in older adults is scarce. Most of the data reported
in the literature on HRQoL in HF come from studies that include non-older patients and
patients with reduced left ventricular ejection fraction (LVEF) [8,10–15]. Describing HRQoL
and its correlation with prognosis in older people with HF could provide valuable clinical
information, since the improvement in HRQoL in this population could have an even
higher value than a reduction in mortality, both for patients and health professionals [16].

2. Materials and Methods

2.1. Study Design

The SENECOR study was a single-center, randomized trial comparing the effects of
multidisciplinary intervention by a geriatrician and a cardiologist (intervention group) to
that of a cardiologist alone (control group) in older patients with a recent HF hospitalization.
The primary endpoint for the trial was all-cause hospitalization. Quality-of-life assessment
was a pre-specified secondary endpoint of the SENECOR study. The Ethics Committee
approved the study (number 2017/7653/I) and all patients signed written informed consent
forms. The details of the study design and results have been published [17] and the trial is
registered with ClinicalTrials.gov (NCT03555318). Briefly, patients 75 years or older and
hospitalized due to HF were randomized to a follow-up performed by a cardiologist (usual
care) or by a cardiologist and a geriatrician. All patients were assessed with the Canadian
Study of Health and Aging (CSHA) Clinical Frailty Scale during hospitalization [18]. Frailty
was defined as a CSHA equal to or higher than 4. Functional status was assessed with
the Lawton [19] and Barthel index [20] and cognitive status with the Spanish version of
the Pfeiffer Questionnaire (Short Portable Mental Status Questionnaire (SPMSQ)) [21].
The 12-item Kansas City Cardiomyopathy Questionnaire (KCCQ-12) was used to assess
HRQoL specifically related to HF [22]. The functional class was evaluated by the New
York Heart Association (NYHA) classification. In patients randomized to the intervention
group, the geriatrician assessed the social sphere with the Gijón socio-family assessment
scale (abbreviated and modified) (Barcelona version) [23], the emotional sphere with the
Geriatric Depression Scale Short Form (GDS-SF) Yesavage [24], nutritional status with the
Mini Nutritional Assessment Short Form (MNA-SF) [25] and plasma albumin, and the
presence of geriatric syndromes. After the geriatrician assessment and depending on the
patient’s needs, up to eighteen interdisciplinary interventions were carried out in each area
evaluated. The study showed that the multidisciplinary intervention by the cardiologist
and geriatrician was associated with a decrease in all-cause hospitalization at one-year
follow-up (62.7% in the intervention group and 77.3% in the control group) (hazard ratio
0.67; 95% confidence interval 0.46–0.99; p = 0.046) [17].

In the SENECOR study, the calculated sample size to detect a statistically significant
difference between the two groups was 114 patients in the intervention group and 114 pa-
tients in the control group for 1 year [17]. However, patients with exclusion criteria or who
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refused to participate were higher than expected, and the estimated patient goal was not
reached. On the other hand, the number of events was much higher than anticipated. Of
the 150 patients who were finally included in the SENECOR study, we only included in the
present study patients who had answered the KCCQ-12 at baseline, leaving a sample size
of 141 patients (Figure 1).

Figure 1. Flow diagram of the study.

2.2. Quality-of-Life Assessment

The KCCQ-12 is the short version (12-item) of the Kansas City Cardiomyopathy
Questionnaire (KCCQ) (23-item). This self-administered test measures symptoms, physical
and social limitations, and quality of life in patients with HF. It has been validated in HF
both with reduced and preserved ejection fractions [8,26]. Moreover, it has proven to be both
reproducible and sensitive to important changes in HF health status [26–29]. The shorter
version has shown to be more feasible to implement while preserving the psychometric
properties of the full instrument [22]. Scores for each domain are summarized by the KCCQ
summary score, which has values between 0 and 100, with higher scores indicating better
HF-specific health status. An increase of fewer than 5 points is considered a small clinical
change [28]. Several studies have established a KCCQ-12 cut-off point of 75 or higher to
identify patients with good-to-excellent HRQoL [30]. Therefore, we considered HRQoL
impaired if KCCQ-12 was below 75. In the SENECOR study, KCCQ-12 was measured
during the baseline visit. At one-year follow-up, all the baseline assessments including
KCCQ-12 were repeated in those who survived.

2.3. Study Outcome

The main aim was to evaluate whether a good-to-excellent HRQoL was associated
with lower all-cause mortality at one-year follow-up.

The secondary objectives were to evaluate whether a good-to-excellent HRQoL was
associated with lower all-cause hospitalization and HF hospitalization at one-year follow-
up and evaluate the extent of change in the KCCQ-12 scores at one-year follow-up.

2.4. Statistical Analysis

Mean and standard deviation were used to describe continuous variables, and num-
bers and proportions to describe the categorical variables. The chi-square test or Fisher’s
exact test for categorical variables and the Student’s t-test for continuous variables were
used to assess the baseline differences between patients with KCCQ-12 below and over 75.
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Time-to-event data were evaluated using Kaplan–Meier estimates and Cox proportional-
hazards models. The adjusted hazard ratio (HR) of HF hospitalization for HRQoL measured
by the KCCQ-12 was analyzed using Cox proportional hazard models. The models were
adjusted for potential confounders selected among patient characteristics that were signifi-
cantly associated with a better HRQoL status. We included all variables with p < 0.05. We
decided to include age and gender due to their known prognostic value.

Study data were collected and managed using REDCap electronic data capture tools
hosted at Parc de Salut Mar [31,32]. REDCap (Research Electronic Data Capture) is a
secure, web-based software platform designed to support data capture for research studies,
providing (1) an intuitive interface for validated data capture; (2) audit trails for tracking
data manipulation and export procedures; (3) automated export procedures for seamless
data downloads to common statistical packages; and (4) procedures for data integration
and interoperability with external sources.

3. Results

One hundred and fifty patients were randomized between 2 July 2018 and 15 Novem-
ber 2019. A total of 141 patients answered the KCCQ-12 at baseline and were included in
the analysis. Figure 1 shows the flow diagram of the study.

HRQoL was impaired in almost half of the cohort. Only 2 patients (1.4%) had
very-poor-to-poor HRQoL (KCCQ-12 0–24), 30 patients (21.3%) had poor-to-fair HRQoL
(KCCQ-12 25–49), and 40 patients (28.4%) a fair-to-good HRQoL (KCCQ-12 50–74). A
good-to-excellent HRQoL (KCCQ 75–100) was present in 48.9% of patients at the baseline
visit. Women comprised 50% of the population, the mean age was 82.2 years, and two-
thirds of patients had HF with a preserved ejection fraction. Comorbidities were highly
prevalent. Baseline characteristics were not different between patients with impaired and
non-impaired HRQoL (Table 1).

Table 1. Baseline clinical and demographic characteristics of the patients included in the study.

KCCQ < 75
(n = 72)

KCCQ 75–100
(n = 69)

p-Value

Age (years) 81.7 ± 4.8 82.3 ± 4.7 0.43
Female 37 (51.4) 34 (49.3) 0.80
Hypertension 63 (90) 62 (89.9) 0.98
Diabetes mellitus 31 (44.3) 28 (41.2) 0.71
Dyslipidemia 47 (66.2) 41 (59.4) 0.41
Stroke/TIA 9 (13.4) 10 (15.4) 0.75
Chronic kidney disease 54 (75) 44 (63.8) 0.15
Anemia 42 (58.3) 39 (56.5) 0.83
Peripheral vascular disease 9 (12.7) 14 (20.6) 0.21
Chronic lung disease 28 (38.9) 18 (26.1) 0.11
Cancer 16 (22.5) 19 (27.9) 0.43
Myocardial infarction 18 (25) 11 (15.9) 0.18
Coronary percutaneous
intervention 14 (19.4) 10 (14.5) 0.43

TAVI or Mitraclip 1 (1.4) 2 (2.9) 0.48
Cardiac surgery:

CABG 2 (2.8) 3 (4.3)
Valve replacement 4 (5.6) 6 (8.7) 0.60
CABG and valve

replacement 3 (4.2) 2 (2.8)

Atrial fibrillation or flutter 54 (75) 43 (62.3) 0.10
Moderate-to-severe valve
disease 22 (31.4) 22 (32.8) 0.86

Device therapy:
Pacemaker 12 (16.7) 10 (14.5) 0.52
CRT or ICD 1 (1.4) 4 (5.7)
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Table 1. Cont.

KCCQ < 75
(n = 72)

KCCQ 75–100
(n = 69)

p-Value

Previous history of HF 43 (59.7) 38 (55.1) 0.58
Duration of HF *:

<3 months 12 (27.9) 3 (7.9)
3–6 months 1 (2.3) 3 (7.9)
6–12 months 4 (9.3) 5 (13.2) 0.18
1–5 years 17 (39.5) 15 (39.5)
>5 years 9 (20.9) 11 (28.9)

HF hospitalization the
previous year * 19 (45.2) 12 (32.4) 0.25

HF categories:
HFpEF (LVEF ≥ 50%) 48 (66.7) 46 (66.7)
HFmrEF (LVEF 40–49%) 9 (12.5) 6 (8.7) 0.70
HFrEF (LVEF < 40%) 15 (20.8) 17 (24.6)
Ecocardiographic parameters:

LVEF (%) 52.1 ± 13.6 52.7 ± 15.2 0.79
Left ventricular mass index

(g/m2),
n = 134

120.2 ± 30.7 134.2 ± 36.7 0.018

TAPSE (mm), n = 126 17.5 ± 4.3 17.3 ± 3.6 0.72
Right ventricle (mm), n = 88 28.9 ± 6.7 29.7 ± 7.3 0.56

Heart failure etiology
Ischaemic 10 (14.1) 12 (17.4)
Hypertensive 11 (15.5) 12 (17.4)
Dilated cardiomyopathy 4 (5.6) 6 (8.7) 0.16
Valve heart disease 21 (29.6) 17 (24.6)
Other/unknown 25 (35.2) 22 (31.9)

Medications at discharge:
ACEI/ARB-II/ARNI 35 (49.3) 39 (57.4) 0.34
MRA 9 (12.7) 12 (17.6) 0.41
Betablockers 52 (73.2) 49 (72.1) 0.87
Diuretics 68 (95.8) 67 (98.5) 0.62
Anticoagulation 53 (74.6) 46 (67.6) 0.36
Antiplatelet therapy 12 (16.9) 14 (20.6) 0.58
Oral antidiabetic drugs 24 (34.3) 20 (29.4) 0.54
Insulin 14 (19.7) 10 (14.7) 0.43
Proton-pump inhibitors 48 (67.6) 46 (67.6) 1.00
Statin 50 (70.4) 37 (54.4) 0.051
Calcium channel antagonists 25 (36.2) 17 (25.0) 0.15
Nitrates 16 (22.5) 10 (14.7) 0.24
Hydralazine 10 (14.1) 7 (10.3) 0.50
Amiodarone 16 (22.9) 8 (11.8) 0.09
Digoxin 3 (4.3) 1 (1.5) 0.62
Vitamin D supplements 25 (35.2) 20 (29.4) 0.47
Oral iron supplements 19 (26.8) 19 (27.9) 0.88
Benzodiazepines 16 (22.5) 14 (20.6) 0.78
Antidepressant drugs 20 (28.2) 16 (23.5) 0.53
Bronchodilators 27 (38.0) 20 (29.4) 0.28

Data are numbers (percentage) or mean ± standard deviation. ACEI: angiotensin-converting enzyme inhibitors;
ARB-II: angiotensin II receptor blockers; ARNI: angiotensin receptor and neprilysin inhibition; CABG: coronary
artery bypass grafting; CRT: cardiac resynchronization therapy; HF: heart failure; HFrEF: heart failure with
reduced ejection fraction. HFmrEF: heart failure with mildly reduced ejection fraction; HFpEF: heart failure with
preserved ejection fraction; ICD: implantable cardioverter defibrillator; LVEF: left ventricular ejection fraction;
MRA: mineralocorticoid receptor antagonists; TIA: transient ischemic attack; TAPSE: tricuspid annular plane
systolic excursion; TAVI: transcatheter aortic valve implantation. * Only for patients with a previous history
of HF.
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The only statistically significant differences were a lower NYHA functional class and
a surprisingly higher NT-proBNP and left ventricular mass index in the group with better
HRQoL. These patients also had a higher Barthel index and a lower Clinical Frailty Scale
(Table 2).

Table 2. Hospitalization and first appointment characteristics.

KCCQ < 75
(n = 72)

KCCQ 75–100
(n = 69)

p-Value

NT-proBNP at discharge, pg/mL 1977.5
(950.5–3917.0)

2774.5
(1767.0–6191.5) 0.018

High-sensitivity T troponin
(Hs-TnT) at discharge, ng/L 37.5 (26.6–65.1) 43.7 (30.5–70.2) 0.26

eGFR (mL/min) at discharge 46.4 ± 19.9 47.3 ± 20.4 0.81
Frailty (Clinical Frailty Scale) ≥ 4 44 (61.1) 27 (40.3) 0.014
Clinical Frailty Scale 4.2 ± 1.4 3.7 ± 1.1 0.02
Barthel index 81.8 ± 19.7 90.4 ± 12.3 0.002
Basic activities of daily living
(Barthel index):

Independent (100) 17 (23.6) 25 (36.2)
Minimally dependent (61–99) 45 (62.5) 41 (59.4) 0.07
Partially to totally dependent

(0–60) 10 (13.9) 3 (4.3)

Instrumental activities of daily
living (Lawton index) 4.6 ± 2.3 5.3 ± 1.9 0.054

Pfeiffer Short Portable Mental
Status Questionnaire (SPMSQ) 1 (1–3) 1 (0–2) 0.08

NYHA functional class 2.5 ± 0.6 2 ± 0.4 <0.001
Intervention geriatrician and
cardiologist 31 (43.1) 40 (58) 0.08

KCCQ-12 at baseline 53 ± 15.9 88.3 ± 7.8 <0.001
Data are number (percentage), mean ± standard deviation, or median (interquartile range). eGFR: estimated
glomerular filtration rate; NT-proBNP: N-terminal prohormone of brain natriuretic peptide; NYHA: New York
Heart Association; KCCQ-12: Kansas City Cardiomyopathy Questionnaire-12.

One-year all-cause mortality was 22.7% and was significantly lower in the group
with good HRQoL (14.5% vs. 30.6%; hazard ratio 0.28; 95% confidence interval 0.10–0.78;
p = 0.014). In the group with better HRQoL, all-cause hospitalization was lower, and there
was a trend towards lower HF hospitalization (Figure 2) (Table 3).

Table 3. Primary and secondary outcomes during follow-up.

KCCQ < 75
(n = 72)

KCCQ 75–100
(n = 69)

p-Value

All-cause mortality 22 (30.6) 10 (14.5) 0.014
All-cause hospitalization 55 (76.4) 43 (62.3) 0.017
HF hospitalization 30 (41.7) 19 (27.5) 0.051

Data are numbers (percentage). HF: heart failure. The model is adjusted for age, female sex, Barthel index, Clinical
Frailty Scale, NT-proBNP value at discharge, New York Heart Association functional class, and Kansas City
Cardiomyopathy Questionnaire 75–100.

In patients with a KCCQ-12 measured at one year, there was a statistically significant
increase in KCCQ-12. KCCQ-12 went from 71.5 ± 21.5 to 83.1 ± 20.8, p < 0.001, and 69.6%
of patients had good-to-excellent HRQoL (Figure 3).
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Figure 2. Unadjusted Kaplan–Meier for (A) all-cause death, (B) heart failure hospitalization, and
(C) all-cause hospitalization.

 
Figure 3. Change in KCCQ-12 at one-year follow-up.

Of the 72 patients with impaired HRQoL at baseline, 44 repeated the KCCQ-12 assess-
ment at 12 months. Of those, 15 patients did not improve HRQoL (KCCQ-12 < 75) and
29 patients improved (KCCQ-12 > 75). Baseline characteristics of patients with impaired
HRQoL at baseline who did not improve and who improved to a good-to-excellent HRQoL
at one-year follow-up are summarized in Tables 4 and 5. A lower proportion of all-cause
hospitalization was found in the group with HRQoL improvement, although statistical
significance was not reached (62.1% vs. 86.7%, p = 0.09).
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Table 4. Baseline clinical and demographic characteristics of the patients included in the study
according to the improvement of KCCQ-12 at one-year follow-up.

No KCCQ Improvement
(n = 15)

KCCQ Improvement
(n = 29)

p-Value

Age (years) 80.0 ± 4.4 81.9 ± 5.08 0.23
Female 11 (73.3) 12 (41.4) 0.04
Hypertension 14 (93.3) 25 (89.3) 1.00
Diabetes mellitus 8 (53.3) 14 (50) 0.84
Dyslipidemia 11 (73.3) 19 (65.5) 0.74
Stroke/TIA 2 (13.3) 4 (14.8) 1.00
Chronic kidney disease 11 (73.3) 22 (75.9) 1.00
Anemia 9 (60) 14 (48.3) 0.46
Peripheral vascular disease 2 (14.3) 4 (13.8) 1.00
Chronic lung disease 6 (40) 9 (31) 0.55
Cancer 2 (13.3) 10 (34.5) 0.17
Myocardial infarction 2 (13.3) 4 (13.8) 1.00
Coronary percutaneous
intervention 2 (13.3) 7 (24.1) 0.69

TAVI or Mitraclip 1 (7.1) 0 (0) 0.33
Cardiac surgery: 2 (13.3) 4 (13.8) 0.69
Atrial fibrillation or flutter 10 (66.7) 23 (79.3) 0.47
Moderate to severe valve disease 4 (28.6) 8 (27.6) 1.00
Device therapy:

Pacemaker 12 (16.7) 10 (14.5) 0.52
CRT or ICD 1 (1.4) 4 (5.7)

Previous history of HF 7 (46.7) 18 (62.1) 0.33
HF hospitalization the previous
year * 2 (28.6) 5 (29.4) 1.00

LVEF (%) 62.3 ± 3.9 49.3 ± 13.2 <0.001

Data are number (percentage) or mean ± standard deviation. HF: heart failure; LVEF: left ventricular ejection
fraction; TIA: transient ischemic attack; TAVI: transcatheter aortic valve implantation. * Only for patients with a
previous history of HF.

Table 5. Hospitalization and first appointment characteristics according to the improvement of
KCCQ-12 at one-year follow-up.

No KCCQ Improvement
(n = 15)

KCCQ Improvement
(n = 29)

p-Value

NT-proBNP at discharge, pg/mL 1162
(606.6–3579.0)

1799.5
(801.9–3562.5) 0.44

High-sensitivity T troponin
(Hs-TnT) at discharge, ng/L 31.6 (22.9–44.5) 46.9 (22.4–73.0) 0.21

eGFR (mL/min) at discharge 52.9 ± 23.2 46.0 ± 22.1 0.36
Frailty (Clinical Frailty Scale) ≥ 4 12 (80.0) 16 (55.2) 0.11
Clinical Frailty Scale 4.5 ± 1.4 3.9 ± 1.1 0.14
Barthel index 76.2 ± 22.0 86.1 ± 15.3 0.09
Instrumental activities of daily
living (Lawton index) 4.5 ± 2.3 4.6 ± 2.0 0.82

Pfeiffer Short Portable Mental
Status Questionnaire (SPMSQ) 1 (1–2) 1 (1–3) 0.62

NYHA functional class 2.7 ± 0.7 2.2 ± 0.6 0.053
Intervention geriatrician and
cardiologist 8 (53.3) 15 (51.7) 0.92

KCCQ-12 at baseline 55.1 ± 15.3 52.6 ± 17.5 0.64

Data are number (percentage), mean ± standard deviation, or median (interquartile range). eGFR: estimated
glomerular filtration rate; NT-proBNP: N-terminal prohormone of brain natriuretic peptide; NYHA: New York
Heart Association; KCCQ-12: Kansas City Cardiomyopathy Questionnaire-12.
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4. Discussion

In our study involving older patients with a recent HF hospitalization, almost half of
the patients had impaired HRQoL measured by the KCCQ-12 questionnaire. Surprisingly,
baseline characteristics did not allow the identification of patients with worse HRQoL,
except for parameters usually associated with aging, such as frailty and functional status
measured by Barthel index, NYHA functional class, NT-proBNP, and left ventricular mass
index. A good-to-excellent HRQoL was significantly associated with lower one-year all-
cause mortality and hospitalization. In patients with HRQoL measured at one year, there
was a significant improvement in the KCCQ-12 score.

This study extends prior works describing the association between HRQoL and clin-
ical outcomes. It has already been shown that KCCQ provides prognostic information
independent of other clinical data in patients with HF [8,10–15]. However, none of these
studies examined the prognostic significance of KCCQ-12 in a prospective elderly cohort
with a recent admission for HF. Indeed, our series differs from those previously published
in two relevant aspects that should be noted. First, with a mean age of 82.2 years, our
population was more than 10 years older than the oldest cohort published to date [33].
Second, the patients’ profiles were rather different from what has been published so far. In
fact, the prevalence of HF with a preserved ejection fraction was higher than in previous
studies (66.7%), probably concerning the age of the population. Finally, the presence of
comorbidities was substantial.

It has been reported that, among a cohort of stable patients with HF, no significant
changes were detected by the KCCQ questionnaire at mid-term follow-up. In contrast,
large changes were observed among a cohort of patients recovering from admission for
decompensated HF [27]. Since the HRQoL assessment in the SENECOR study had a median
(interquartile range) of 6 (5–9) after discharge from decompensated HF, our results are in
line with previous evidence. Interestingly, patients with impaired HRQoL at baseline who
did not have HRQoL improvement at one-year follow-up were more likely to be women.
This is consistent with the previous finding that, in a cohort of patients with HF and reduced
ejection fraction, women reported significantly worse HRQoL than men, although HRQoL
was independently associated with outcome similarly in men and women [34]. On the other
hand, patients who did not improve HRQoL also had a higher baseline LVEF than patients
who improved. This could be explained by a potential improvement in LVEF over time in
the group with a lower baseline LVEF, which could be associated with improvements in
HRQoL. However, it could also reflect the several pitfalls that the actual classification of HF
based on LVEF values has [35]. Moreover, in our study, a trend towards a lower proportion
of all-cause hospitalization was found in the group with HRQoL improvement. Anyway,
we must consider a possible selection bias in this analysis due to patients who died or did
not repeat the HRQoL assessment at a one-year follow-up.

Better strategies are needed to help physicians efficiently target healthcare resources
to HF patients at the highest risk. Our findings suggest that noninvasive risk stratification
based on HRQoL measurement by the KCCQ-12 questionnaire can provide prognostic
information even in older patients with HF, which could be an essential reference for
subsequent treatment decisions when identifying candidates for disease management
for whom increased care may reduce hospitalization and prevent death. Future studies
are needed to establish whether the assessment of HRQoL in older HF patients with
questionnaires such as KCCQ-12 can improve outcomes. It is worth noting that the baseline
characteristics did not allow us to identify patients with worse HRQoL. Hence, HRQoL
should be assessed in all patients to identify high-risk patients.

Limitations

Since this was a single-center study with a relatively small sample size, our data
must be interpreted with caution. Moreover, HRQoL measurements in our study were
administered as a part of routine outpatient follow-up visits within a clinical trial. In
the setting of a clinical trial, the self-perception of HRQoL may increase regardless of the
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intervention due to multiple factors (extra care, more intensive management, optimism,
etc.) [36,37]. Whether HRQoL assessments will have similar prognostic value outside
this setting remains to be established. Finally, although our results were adjusted for
multiple demographic and clinical patient factors, a possibility of residual unmeasured
confounding factors cannot be definitively excluded, and our findings need to be validated
in a larger-cohort multicenter study.

5. Conclusions

In older patients with a recent hospital admission for HF, good-to-excellent HRQoL
was significantly associated with lower one-year all-cause mortality and hospitalization.
These data support the assessment of HRQoL in relation to HF in the older population.
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Abstract: Background: Patients with heart failure encompass a heterogeneous group, but they are
mostly elderly patients with a large burden of comorbid conditions. Objective: The aim of this study
was to compare the clinical characteristics and the prognostic impact on hospital admissions and
mortality in a population of patients with HF with different types of caregivers (family members,
professionals, and the patient himself). Methods: We conducted an observational study from a
prospective registry. Patients from the National Registry of Heart Failure (RICA), which belongs
to the Working Group on Heart Failure and Atrial Fibrillation of the Spanish Society of Internal
Medicine (SEMI), were included. Patients with heart failure were classified, according to the type of
main caregiver, into four groups: the patient himself/herself, a partner, children, or a professional
caregiver. A bivariable analysis was performed between the clinical, analytical, therapeutic, and
prognostic characteristics of the different groups. The endpoints of the study were all-cause mortality
at 1 year; mortality at 120 days; and the readmission rate for HF at 30 days, 120 days, and 1 year
of follow-up. In all cases, the level of statistical significance was set at p < 0.05. Results: A total of
2147 patients were enrolled in this study; women represented 52.4%, and the mean age was 81 years.
The partner was the caregiver for 703 patients, children were caregivers for 1097 patients, 199 patients
had a professional caregiver, and only 148 patients were their own caregivers. Women were more
frequently cared for by their children (65.8%) or a professional caregiver (61.8%); men were more
frequently cared for by their spouses (68.7%) and more frequently served as their own caregivers
(59.5%) (p < 0.001). No statistically significant differences were observed in relation to readmissions or
mortality at one year of follow-up between the different groups. A lower probability of readmission
and death was observed for patients who received care from a partner or children/relative, with
log-rank scores of 11.2 with p= 0.010 and 10.8 with p = 0.013. Conclusions: Our study showed that
the presence of a family caregiver for elderly patients with heart failure was associated with a lower
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readmission rate and a lower mortality rate at 120 days of follow-up. Our study also demonstrated
that elderly patients with good cognitive and functional status can be their own caregivers, as they
obtained good health outcomes in terms of readmission and mortality. More prospective studies and
clinical trials are needed to evaluate the impact of different types of caregivers on the outcomes of
patients with heart failure.

Keywords: heart failure; caregivers; mortality; hospital readmission

1. Introduction

Heart failure (HF) is a chronic disease that is increasing worldwide. Patients with
heart failure encompass a heterogeneous group, but they are mostly elderly patients with a
large burden of comorbid conditions [1].

To reduce hospitalizations and mortality rates, it is recommended that patients with
HF practice self-care, which also includes adherence to treatment. Self-care for HF is defined
as the naturalistic decision-making process used by patients to maintain the stability of their
disease (self-care maintenance), monitor signs and symptoms of HF (symptom awareness),
and manage HF exacerbation (self-care). Evidence shows that HF self-care improves patient
outcomes, such as the use of health care services and mortality. A recently published article
demonstrated that worse self-care is an independent predictor of long-term mortality (both
all-cause and cardiovascular), HF hospitalization, and the combination of these endpoints
in patients with chronic HF [2]. Despite its positive effects, patients with HF have difficulty
performing self-care.

In the self-care, management, and treatment of HF, the role of the caregiver is key,
especially in patients with a profile of greater vulnerability due to their cognitive, functional,
and social status, among other aspects. In this setting, most patients depend on support
from relatives, friends, or some other external help in order to comply with medication and
self-care. Thus, caregivers represent an important tool in the management of this group of
patients. Both patients and caregivers must engage in medication management, adherence
to diet and physical activity regimens, and symptom recognition [3–5]. Community nurses
and other health care professionals also play important roles in HF care by optimizing the
management, assessment, and evaluation of the patient’s clinical condition and care during
transitions from the hospital to the home [6].

Some studies have demonstrated the effects of education of family caregivers at
discharge on reducing hospital readmission in these patients [7]. However, the prognostic
impact of different types of caregivers on the care of HF patients has not been evaluated [7].
The aim of this study was to compare the clinical characteristics and the prognostic impact
on hospital admissions and mortality in a population of patients with HF with different
types of caregivers (family members, professionals, and the patient himself/herself).

2. Methods

2.1. Design—Type of Study

We conducted an observational study from a prospective registry. Patients from the
National Registry of Heart Failure (RICA), which belongs to the Working Group on Heart
Failure and Atrial Fibrillation of the Spanish Society of Internal Medicine (SEMI), were
included. The latter is a prospective, multicenter registry that has been active since 2008.
It includes consecutive individual patients over 50 years of age with a diagnosis of HF
at hospital discharge (acute decompensated or new-onset HF), according to European
cardiology guidelines published in 2008.

2.2. Inclusion and Exclusion Criteria

Inclusion criteria: Subjects were included in the registry after hospital discharge and
followed for at least one year. A total of 2147 patients were included. In the present analysis,
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we included patients older than 65 years who were registered from March 2008 to December
2020. Exclusion criteria: Patients who did not sign the informed consent to participate in
the study were excluded.

2.3. Variables

We used personal history, physical examination, and clinical analysis records. Left
ventricular ejection fraction (LVEF) as assessed by 2D echocardiography was included. The
Charlson comorbidity index and Pfeiffer test were also collected. The Charlson comorbidity
index predicts the one-year mortality for a patient who may have a range of comorbid
conditions, such as heart disease, AIDS, or cancer (a total of 22 conditions are included).
Each condition is assigned a score of 1, 2, 3, or 6, depending on the risk of dying associated
with each one. Scores are summed to provide a total score to predict mortality. The Pfeiffer
test is a short, reliable instrument used to detect the presence of intellectual impairment
and determine its degree, if any.

Patients were classified, according to the type of main caregiver, into four groups: the
patient himself/herself, partner, children, or a paid professional caregiver.

2.4. Statistical Analysis

Quantitative variables are expressed as means (standard deviation) and qualitative
variables are expressed as absolute values (percentages). Quantitative variables were
compared using ANOVA, and qualitative variables were compared using the Chi-square
test. The post hoc Tukey method was used. Kaplan–Meier curves were constructed,
comparing the groups using the log-rank test. A bivariable analysis was performed between
the clinical, analytical, therapeutic, and prognostic characteristics of the different groups.
The endpoints of the study were all-cause mortality at 1 year; mortality at 120 days; and
the readmission rate for HF at 30 days, 120 days, and 1 year of follow-up. We performed a
survival analysis for patients with HF at 120 days of follow-up with Kaplan–Meier curves.
In all cases, the level of statistical significance was set at p < 0.05. Statistical analysis was
performed using the IBM Statistical Package for Social Sciences (version 22.0, SPSS Inc.,
Chicago, IL, USA).

2.5. Ethical Aspects

The registry protocol was initially approved by the Ethics Committee of the Hospital
Universitario Reina Sofía de Córdoba and was subsequently approved by each of the
committees of the participating hospitals, code 18/349-E, with the last update approved by
the CEIC on 9 August 2018. All patients signed an informed consent form prior to inclusion
in the registry. The data were collected from a web page (www.registrorica.org, accessed
on 1 March 2008) containing the anonymous database and accessed by each investigator
through a personalized password. The registry’s design was previously published [8].

3. Results

A total of 2147 patients were enrolled in this study. Women represented 52.4% of
patients, and the mean age was 81 years. The partner was the caregiver for 703 patients,
children were the caregivers for 1097 patients, 199 patients had professional caregivers,
and only 148 patients were their own caregivers. Hypertension and atrial fibrillation were
seen in 88% and 54% of patients, respectively. The mean Barthel index was 81.2, and the
mean Charlson score was 3.05. The mean left ventricular ejection fraction was 51.8% and
was more frequently reduced for patients without a caregiver (44.7) (p < 0.001). Women
were more frequently cared for by their children (65.8%) or a professional caregiver (61.8%);
men were more frequently cared for by their wives (68.7) and more frequently served as
their own caregivers (59.5%) (p < 0.001). (Table 1) In the latter case, the patients had a better
functional status (Barthel index of 95) and cognitive situation (Pfeiffer of 0.5) than patients
with other types of caregivers (p < 0.001). In relation to self-care, 1814 and 1555 patients
followed low-sodium intake and weight monitoring regimens, respectively. Statistically
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significant differences were seen in relation to water restriction, which was lower for
patients without an external caregiver (Table 1). The majority of patients were on beta
blockers and ACE/ARA-2 inhibitors or anti-aldosterone agents. Statistically significant
differences were observed in relation to the prescription of beta blockers (85.1%) and
sacubitril valsartan (25.4%) in the group of patients without external caregivers (p < 0.01).

Table 1. Baseline characteristics and outcomes of patients with HF according to caregiver.

Variable
All

(n= 2147)

Partner
Caregiver
(n = 703)

Children
Caregiver
(n = 1097)

Professional
Caregiver
(n = 199)

No Caregiver
(n = 148)

p-Value

Age,
median (SD) 81.06 (8.7) 77.28 (9.05) 83.63 (7.02) 83.53 (8.2) 76.6 * (10.7) <0.001

Sex: male, n (%) 1022 (47.6) 483 (68.7) * 375 (34.2) 76 (38.2) 88 (59.5) <0.001

Sex: female, n (%) 1125 (52.4) 220 (31.3) 722 (65.8) * 123 (61.8) 60 (40.5) <0.001

Comorbidities

Hypertension,
n (%) 1889 (88) 604 (85.9) 989 (90.2) 176 (88.4) 120 (81.1) * <0.001

T2DM,
n (%) 993 (46.3) 367 (52.2) 467 (42.6) 82 (41.2) * 77 (52) <0.001

COPD,
n (%) 448 (20.9) 182 (25.9) * 203 (18.5) 34 (17.1) 29 (19.6) 0.001

Atrial fibrillation,
n (%) 1172 (54.6) 361 (51.4) 629 (57.3) 119 (59.8) 63 (42.6) * <0.001

Ischemic heart disease,
n (%) 481 (22.4) 190 (27) 213 (19) 167 (16) 102 (31) * <0.001

Pfeiffer index,
median (SD) 1.5 (1.9) 1.08 (1.6) 1.31 (1.7) 2.02 (2.3) 0.5 * (1.09) <0.001

Barthel index, median
(SD) 81.2 (24.09) 89.2 (18.02) 75.3 (25.9) 73.8 (26.6) 95.9 * (9.7) <0.001

Charlson score,
median (SD) 3.05 (2.5) 3.2 (2.6) 3.02 (2.4) 2.9 (2.4) 2.6 * (3.2) 0.035

LVEF, median (SD) 51.8 (15.7) 50.3 (15.4) 53.3 (15.7) 54.5 (15.3) 44.7 * (15.3) <0.001

Laboratory, n (%)

Hemoglobin,
(g/dL) median (SD) 12.09 (2.04) 12.3 (2.09) 11.9 (1.9) 11.8 * (1.9) 12.5 (2.2) <0.001

Creatinine
(ml/min/m3), median

(SD)
1.3 (2.6) 1.2 (0.5) 1.4 (3.6) 1.2 (0.7) 1.2 (0.5) 0.692

proBNP (pg/mL),
median 6654.6 5697.2 7108.06 7296.9 7555.1 0.058

Non-pharmacological
treatment 19(0.88)

Fluid restriction, n (%) 1365 (70.5) 417 (66.3) 741 (73.7) 124 (68.5) 83 (65.9) 0.008

Weight monitoring,
n (%) 1555 (80) 497 (79.1) 803 (41.3) 153 (84.1) 102 (81) 0.510

Low-sodium diet,
n (%) 1814 (93) 583 (92.4) 949 (93.9) 172 (94.5) 110 (88) 0.072
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Table 1. Cont.

Variable
All

(n= 2147)

Partner
Caregiver
(n = 703)

Children
Caregiver
(n = 1097)

Professional
Caregiver
(n = 199)

No Caregiver
(n = 148)

p-Value

Pharmacological
treatment, n (%)

Beta blockers,
n (%) 1522 (70.9) 516 (73.4) 753 (68.6) 127 (63.8) 126 (85.1) * <0.001

ACE inhibitors/ARA-2,
n (%) 1266 (59) 404 (57.5) 654 (59.6%) 131 (65.8) * 77 (52) 0.054

Sacubitril valsartan,
n (%) 138 (6.4) 42 (6) 55 (5) 6 (3) 35 (25.4) * <0.001

Anti-aldosterone
agents 486 (22.6) 180 (37) * 233 (21.2) 38 (19.1) 35 (23.6) 0.099

Endpoints n (%)

Mortality at 30 days,
n (%) 546 (27.9) 155 (29.2) 299 (35.3) 67 (35.3) 25 (22.9) * 0.011

30-day readmission,
n (%) 383 (19.7) 109 (17.3) * 201 (19.7) 49 (26.1) 24 (22.4) 0.053

Mortality at 120 days,
n (%) 630 (32.1) 177 (27.8) * 341 (33.3) 76 (40) 336 (33) 0.010

120-day readmission,
n (%) 691 (35.5) 207 (32.8) * 355 (34.8) 87 (46.3) 42 (39.3) 0.006

One-year readmission,
n (%) 1365 (70.1) 430 (68.1) 718 (70.4) 142 (75.5) 75 (70.1) 0.279

One-year mortality,
n (%) 1208 (61.6) 380 (59.7) 635 (62) 121 (63.7) 72 (66.1) 0.524

Legend: * adjusted residuals are outside the ranges +2 −2. T2DM: type 2 diabetes mellitus; COPD: chronic
obstructive pulmonary disease; LVEF: left ventricular ejection fraction; ACE inhibitors: angiotensin-converting
enzyme inhibitors; ARA-2: angiotensin II receptor antagonists.

In relation to the endpoints analyzed, no statistically significant differences were ob-
served in terms of readmission and mortality at 1 year of follow-up between the different
types of caregivers. We did observe statistically significant differences in terms of readmis-
sion and mortality at 120 days, with lower rates of these events in patients with HF who
had family members (child or partner) as their main caregivers (Table 1).

Figures 1 and 2 show the tendency to present fewer admission and death events
in these types of caregivers, with log-rank scores of 11.2 with p = 0.010 and 10.8 with
p = 0.013.4.

In Table S1 and Figure S1, we include the bivariate and Kaplan–Meier analysis for
patients with heart failure, only considering the presence or absence of caregivers.
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Figure 1. Survival analysis for readmissions in patients with HF according to caregiver type at
120-day follow-up.

Figure 2. Survival analysis for mortality in patients with HF according to caregiver type at 120-day
follow-up.
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4. Discussion

The results of our investigation highlight that in our sample, HF patients who were
admitted to the hospital and had a family caregiver had a more favorable prognosis
regarding readmission and survival at 120 days of follow-up after hospitalization than
patients with heart failure who were their own main caregiver or had a professional
caregiver. This study is the largest of its kind in our country to evaluate the prognostic
impact of the different types of caregivers on patients with HF admitted to hospitals. Our
study demonstrates that elderly patients with good cognitive and functional status can also
be their own caregivers, as they obtained good health outcomes in terms of readmission
and mortality.

In relation to the characteristics of our series, we should highlight the important role
played by family caregivers, initially the partners and later the children. This may be
due to the characteristics of our aging population and the cultural aspects of our Spanish
society; family values in the care of the elderly are deeply rooted in our country [9]. A low
proportion of patients do not have caregivers, and this may be due to the fact that the great
majority of elderly patients admitted to internal medicine services have a low capacity
for self-care due to their high levels of dependency and cognitive deterioration [10]. In
this sense, we emphasize that patients with HF who were their own main caregivers were
younger and presented better cognitive and functional situations than the rest. Patients
with HF for whom the caregiver was the patient had the smallest sample size, and it may
be difficult to obtain solid conclusions in this regard. In relation to self-care, the patients in
this group presented poorer adherence to measures such as control of water intake [11].

In relation to family caregivers, more than 60% of men received care from their
wives, and more than 60% of women received care from their children or professional
caregivers [12]. This may be due to the longer life expectancy of women in our country [13],
which means that the main caregiver is less frequently the husband. The presence of a
family caregiver in our study was accompanied by a favorable trend in terms of readmission
and mortality in the short- and medium-term and attenuated at one year of follow-up.
These findings may be due to the fact that the effects of family self-care have a higher
impact in short- and medium-term follow-up than in long-term follow-up, in which the
progressive evolution of the disease and the clinical situation of comorbidity and functional
deterioration of the patient may lead to a higher risk of readmission and death [10]. In
another study, the education levels of HF patients and caregivers were not correlated with
readmission or mortality rates [14]. In the self-care measures evaluated, we only observed
differences in relation to water restriction, which were in favor of patients with HF with
caregivers, but we did not evaluate other measures recommended by clinical practice
guidelines, such as self-adjustment of diuretics and monitoring of alarm signs [15].

The degree of clinical follow-up in heart failure programs carried out by each of
the groups evaluated is also unknown. This study is limited by its retrospective nature
and the fact that the RICA registry was not designed to evaluate the hypothesis of our
investigation; the variables of self-care and the main caregiver were collected by the
medical researchers, but no structured analysis of the patient’s self-care capacity—such as
the European self-care scale—was carried out, and no evaluation of the degree of caregiver
overload—such as the Zarit scale—was conducted [16]. In this research, variables related
to the educational intervention received by the patient and caregivers were not collected
either, which could affect the interpretation of the observed results. In this sense, there
is a need of to perform specific prospective and randomized clinical trials to evaluate the
impact of care and educational interventions by the patient himself/herself as well as by
relatives and professional caregivers. The results of the MOTIVATE-HF trial have recently
been published, showing that structured motivational interviewing with HF patients and
caregivers may have an impact on patient survival. These findings could not be analyzed
in our study considering its retrospective design, as motivational interviewing was not
included as a variable in the RICA registry [17].
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5. Conclusions

Our study showed that the presence of a family caregiver in elderly patients with HF
was associated with a lower readmission rate and a lower mortality rate at 120 days of
follow-up. More prospective studies and clinical trials are needed to evaluate the impact of
different types of caregivers on the outcome of patients with HF.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm11123516/s1. Table S1: Baseline characteristics and outcomes
of patients with HF with and without caregivers; Figure S1: Analysis of survival at one year in
patients with heart failure with and without caregivers.
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Abstract: We evaluated the 3-year clinical outcomes of early invasive (EI) and delayed invasive
(DI) strategies in older and younger adults with non-ST-segment elevation myocardial infarction
(NSTEMI) undergoing successful new-generation drug-eluting stent (DES) implantation to reflect
current real-world practice. Overall, 4513 patients with NSTEMI were recruited from the Korea Acute
Myocardial Infarction Registry-National Institute of Health and divided into two groups according
to age: group A (age ≥ 65 years, n = 2253) and group B (age < 65 years, n = 2260). These two groups
were further divided into two subgroups: group EI (A1 and B1) and DI (A2 and B2). The primary
clinical outcome was the occurrence of major adverse cardiac and cerebrovascular events (MACCEs),
defined as all-cause death, recurrent MI (re-MI), any repeat coronary revascularization, or stroke. The
secondary clinical outcome was definite or probable stent thrombosis (ST). In both groups A and B,
after multivariable-adjusted and propensity score-adjusted analyses, MACCE (group A, p = 0.137 and
p = 0.255, respectively; group B, p = 0.171 and p = 0.135, respectively), all-cause death, cardiac death
(CD), non-CD, re-MI, any repeat revascularization, stroke, and ST rates were similar between the EI
and DI groups. When including only those with complex lesions, the primary and secondary clinical
outcomes were not significantly different between the EI and DI groups. In the era of new-generation
DESs, major clinical outcomes were not significantly different between the EI and DI strategies in
both older and younger adults with NSTEMI.

Keywords: drug-eluting stent; elderly; non-ST-segment elevation myocardial infarction;
percutaneous coronary intervention

1. Introduction

In patients presenting with non-ST-segment elevation (NSTE) myocardial infarction
(MI), the results of the Timing of Intervention in Acute Coronary Syndrome (TIMACS)
trial [1] demonstrated that the outcomes of individuals who underwent routine early
invasive (EI) strategy (coronary angiography [CAG] within 24 h of admission) did not
differ greatly from those of individuals who underwent delayed invasive (DI) strategy in
preventing the primary outcome, but it could reduce the rate of the composite secondary
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outcome of death, myocardial infarction, or refractory ischemia and was superior to DI in
high-risk patients (p = 0.003) during a 6-month follow-up period. In a meta-analysis, the
routine invasive strategy significantly reduced 5-year rates of cardiovascular death or MI
compared to the selective invasive strategy (p = 0.002) [2]. Recently, in the Very Early Versus
Deferred Invasive Evaluation Using Computerized Tomography study (VERDICT) [3]
with a mean follow-up of 4.3 years, a very early strategy (median time from diagnosis to
revascularization = 4.7 h) improved the primary outcome compared with the standard
invasive treatment (hazard ratio [HR], 0.81; 95% confidence interval [CI], 0.67–1.01) in the
high-risk subgroup, but it did not improve overall long-term clinical outcomes compared
with an invasive strategy conducted within 2–3 days in patients with NSTE-acute coronary
syndrome (ACS). Hence, pooled analyses of randomized trials [1] or meta-analyses [2,4,5]
showed early benefit of the routine intervention, but long-term results are inconsistent,
and the optimal timing of percutaneous coronary intervention (PCI) in NSTEMI has yet
to be determined. According to the most recent European guidelines [6], the EI strategy
is recommended in patients with at least one high-risk criterion, and the recommended
diagnostic and interventional strategies for older and younger patients are the same (class I
and level of evidence B). The American College of Cardiology/American Heart Association
guidelines [7] recommend an EI strategy for initially stabilized high-risk patients with
NSTE-ACS and a DI strategy as reasonable for high/intermediate-risk patients (class
IIa and level of evidence B). Although information concerning the preferred treatment
option between the EI and DI strategies in older and younger patients with NSTEMI
could be important for the interventional cardiologist, the available data on this subject are
limited. Furthermore, previous studies on the comparative outcomes between the EI and
DI strategies were not limited to patients who received new-generation drug-eluting stents
(DESs), thereby limiting their findings in reflecting the current real-world practices. In this
study, we compared the 3-year major clinical outcomes in older and younger adults with
NSTEMI who underwent new-generation DES implantation.

2. Methods

2.1. Study Population

A total of 13,104 patients with acute MI between November 2011 and December 2015
were recruited from the Korea Acute MI Registry-National Institute of Health (KAMIR-
NIH) [8]. KAMIR-NIH is a nationwide prospective multicenter registry integrated from
20 high-volume centers in the Republic of Korea. Detailed information on this registry
can be found on the website (http://www.kamir.or.kr, accessed on 1 November 2011). All
patients aged ≥18 years at the time of hospital admission were included. The following
patients were excluded from the study: (1) patients who did not undergo PCI (n = 1369,
10.4%); (2) those who underwent unsuccessful PCI (failed PCI (n = 61, 0.5%) and suboptimal
PCI (n = 94, 0.7%)); (3) those who underwent balloon angioplasty (n = 739, 5.6%); (4) those
who were treated with bare-metal stents or first-generation DESs (n = 563, 4.3%); (5) those
who underwent coronary artery bypass grafting (n = 38, 0.3%); (6) those with ST-segment
elevation myocardial infarction (STEMI, n = 5342, 40.8%), cardiogenic shock, or in-hospital
death (n = 228, 1.7%); and (7) those who were unavailable for follow-up (n = 157, 1.2%).
Overall, 4513 patients with NSTEMI who underwent successful new-generation DES im-
plantation were included (Figure 1). The types of new-generation DESs used are listed
in Table 1. These patients were divided into two groups according to their age: group
A (age ≥ 65 years, n = 2253, 49.9%) and group B (age < 65 years, n = 2260, 50.1%). Sub-
sequently, these two groups of patients were further divided into two subgroups: group
EI (group A1 (n = 1612, 71.5%) or B1 (n = 1688, 74.7%)) and DI (group A2 (n = 641, 28.5%)
and B2 (n = 572, 25.3%)) (Figure 1). Trained research coordinators at each center collected
patient data using a web-based report form on the Internet-based Clinical Research and
Trial management system, supported by a grant (2016-ER6304-02) from the Korean Centers
for Disease Control and Prevention since November 2011 (Internet-based Clinical Research
and Trial management system study No. C110016). The study was conducted in accordance
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with the ethical guidelines of the 2004 Declaration of Helsinki. The study was approved
by the ethics committee of each participating center and the Chonnam National Univer-
sity Hospital Institutional Review Board ethics committee (CNUH-2011-172). All patients
included in the study provided written informed consent prior to enrollment. They also
completed a 3-year clinical follow-up via face-to-face interviews, phone calls, or chart re-
views. All clinical events were evaluated by an independent event adjudication committee.
The event adjudication process has previously been described by KAMIR investigators [8].

Figure 1. Flowchart. PCI, percutaneous coronary intervention; POBA, plain old balloon angioplasty;
BMS, bare-metal stent; DES, drug-eluting stent; CABG, coronary artery bypass graft; STEMI, ST-
segment-elevation myocardial infarction; NSTEMI, non-STEMI; EI, early invasive; DI, delayed
invasive.

Table 1. Baseline characteristics and discharge medications.

Variables

Group A
(Age, ≥65 Years, n = 2253)

Group B
(Age, <65 Years, n = 2260)

Group A1
Early Invasive

(n = 1612)

Group A2
Delayed Invasive

(n = 641)
p Value

Group B1
Early Invasive

(n = 1688)

Group B2
Delayed Invasive

(n = 572)
p Value

Male, n (%) 927 (57.5) 371 (57.9) 0.872 1476 (87.4) 513 (89.7) 0.153
Age, years 74.3 ± 5.8 75.0 ± 5.9 0.007 54.4 ± 7.3 54.5 ± 7.2 0.760
LVEF, % 53.2 ± 10.6 51.6 ± 12.3 0.005 55.9 ± 9.4 55.1 ± 10.9 0.149
BMI, kg/m2 23.2 ± 3.1 23.5 ± 3.3 0.048 25.0 ± 3.2 24.8 ± 3.1 0.120
SBP, mmHg 133.5 ± 26.4 135.4 ± 25.8 <0.001 137.0 ± 25.8 139.2 ± 25.8 0.087
DBP, mmHg 80.4 ± 15.7 81.3 ± 14.8 0.038 83.9 ± 15.8 83.8 ± 15.1 0.874
Symptom-to-door time, h 8.0 (3.0–28.6) 8.8 (2.7–45.3) 0.054 5.8 (2.0–19.3) 4.5 (1.6–23.9) 0.181
Door-to-balloon time, h 6.0 (2.9–16.1) 46.4 (31.1–71.6) <0.001 6.9 (3.0–16.1) 43.2 (29.8–58.6) <0.001
Killip class 3 181 (11.2) 98 (15.3) 0.011 65 (3.9) 34 (5.9) 0.044
Hypertension, n (%) 1050 (65.1) 427 (66.6) 0.505 662 (39.2) 243 (42.5) 0.183
Diabetes mellitus, n (%) 567 (35.2) 227 (35.4) 0.914 408 (24.2) 154 (26.9) 0.198
Dyslipidemia, n (%) 154 (9.6) 83 (12.9) 0.022 225 (13.3) 92 (16.1) 0.109
Previous MI, n (%) 136 (8.4) 48 (7.5) 0.496 73 (4.3) 388 (6.6) 0.033
Previous PCI, n (%) 112 (6.9) 33 (5.1) 0.128 66 (3.9) 34 (5.9) 0.046
Previous CABG, n (%) 6 (0.4) 3 (0.5) 0.720 2 (0.1) 1 (0.2) 0.749
Previous HF, n (%) 27 (1.7) 15 (2.3) 0.302 9 (0.5) 6 (1.0) 0.230
Previous stroke, n (%) 124 (7.7) 57 (8.9) 0.346 60 (3.6) 23 (4.0) 0.608
Current smokers, n (%) 324 (20.1) 102 (15.9) 0.023 921 (54.6) 309 (54.0) 0.846
Peak CK-MB, mg/dL 20.9 (6.4–78.6) 13.9 (5.0–42.6) <0.001 29.0 (7.2–99.0) 15.6 (4.6–56.7) <0.001
Peak Troponin-I, ng/mL 10.6 (2.1–22.1) 4.7 (1.1–18.9) <0.001 14.3 (2.8–23.1) 5.4 (1.0–21.1) <0.001
Blood glucose, mg/dL 158.6 ± 72.7 162.1 ± 80.2 0.338 153.6 ± 73.4 158.9 ± 79.6 0.157
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Table 1. Cont.

Variables

Group A
(Age, ≥65 Years, n = 2253)

Group B
(Age, <65 Years, n = 2260)

Group A1
Early Invasive

(n = 1612)

Group A2
Delayed Invasive

(n = 641)
p Value

Group B1
Early Invasive

(n = 1688)

Group B2
Delayed Invasive

(n = 572)
p Value

Hs-CRP (mg/dL) 1.53 ± 3.24 1.78 ± 7.72 0.440 1.07 ± 2.50 1.11 ± 2.10 0.687
Serum creatinine (mg/L) 1.12 ± 1.15 1.26 ± 1.34 0.023 1.04 ± 1.27 1.21 ± 1.73 0.034
eGFR < 60 mL/min/1.73 m2, n (%) 570 (35.4) 269 (42.0) 0.003 193 (11.4) 86 (15.0) 0.027
Total cholesterol, mg/dL 171.9 ± 43.3 171.7 ± 44.1 0.900 188.5 ± 43.1 185.3 ± 41.9 0.117
Triglyceride, mg/L 111.7 ± 71.8 112.8 ± 82.7 0.771 152.7 ± 96.3 156.2 ± 94.3 0.523
HDL cholesterol, mg/L 43.1 ± 11.4 44.5 ± 82.7 0.013 42.1 ± 10.8 42.2 ± 10.6 0.913
LDL cholesterol, mg/L 108.7 ± 34.7 106.0 ± 35.3 0.101 120.2 ± 36.8 116.9 ± 35.3 0.053
GRACE risk score 151.2 ± 34.5 154.4 ± 36.7 0.058 105.8 ± 28.4 106.5 ± 32.3 0.676
>140, n (%) 979 (60.7) 390 (60.8) 0.961 171 (10.1) 81 (14.2) 0.011
Atrial fibrillation, n (%) 93 (5.8) 44 (6.9) 0.329 26 (1.5) 13 (2.3) 0.265
ST-depression, n (%) 392 (24.3) 157 (24.5) 0.930 334 (19.8) 103 (18.0) 0.352
T-wave inversion, n (%) 370 (23.0) 155 (24.2) 0.534 291 (17.2) 119 (20.8) 0.060
Discharge medications, n (%)

Aspirin, n (%) 1600 (99.3) 635 (99.1) 0.645 1678 (99.4) 568 (99.3) 0.778
Clopidogrel, n (%) 1251 (77.6) 540 (84.2) <0.001 1065 (63.1) 406 (71.0) 0.001
Ticagrelor, n (%) 283 (17.6) 77 (12.0) 0.001 361 (21.4) 109 (19.1) 0.257
Prasugrel, n (%) 78 (4.8) 24 (3.7) 0.106 262 (15.5) 57 (10.0) 0.001
BBs, n (%) 1354 (84.0) 542 (84.6) 0.742 1491 (88.3) 485 (84.8) 0.029
ACEIs or ARBs, n (%) 1361 (84.4) 506 (78.9) 0.002 1423 (84.3) 462 (80.8) 0.051
Statin, n (%) 1534 (95.2) 601 (93.8) 0.178 1631 (96.6) 541 (94.6) 0.033
Anticoagulant, n (%) 50 (3.1) 25 (3.9) 0.362 11 (0.7) 10 (1.7) 0.024

Infarct-related artery
Left main, n (%) 50 (3.1) 25 (3.9) 0.362 33 (2.0) 23 (4.0) 0.008
LAD, n (%) 684 (42.4) 286 (44.6) 0.346 723 (42.8) 238 (41.6) 0.625
LCx, n (%) 400 (24.8) 141 (22.0) 0.172 459 (27.2) 150 (26.2) 0.663
RCA, n (%) 478 (29.7) 189 (29.5) 0.959 473 (28.0) 161 (28.1) 0.957

Multivessel disease, n (%) 971 (60.2) 423 (66.0) 0.011 811 (48.0) 300 (52.4) 0.073
ACC/AHA type B2/C lesions 1373 (85.2) 544 (84.9) 0.854 1413 (83.7) 467 (81.6) 0.271
Pre-PCI TIMI flow grade 0/1 633 (39.3) 199 (31.0) <0.001 760 (45.0) 177 (30.9) <0.001
GP IIb/IIIa inhibitor 133 (8.3) 43 (6.7) 0.258 174 (10.3) 41 (7.2) 0.026
Transradial approach 781 (48.4) 309 (48.2) 0.926 959 (56.8) 292 (51.0) 0.017
IVUS/OCT, n (%) 346 (21.5) 174 (27.1) 0.004 421 (24.9) 202 (35.3) <0.001
FFR, n (%) 27 (1.7) 23 (3.6) 0.010 33 (2.0) 24 (4.2) 0.005
Drug-eluting stents a

ZES, n (%) 374 (23.2) 155 (24.2) 0.621 419 (24.8) 142 (24.8) 0.999
EES, n (%) 860 (53.3) 332 (51.8) 0.504 878 (52.0) 294 (51.4) 0.809
BES, n (%) 326 (20.2) 144 (22.5) 0.237 340 (20.1) 125 (21.9) 0.402
Others, n (%) 52 (3.2) 10 (1.6) 0.032 51 (3.0) 11 (1.9) 0.184

Stent diameter (mm) 3.04 ± 0.40 3.03 ± 0.41 0.531 3.12 ± 0.43 3.10 ± 0.44 0.196
Stent length (mm) 30.2 ± 14.4 31.1 ± 14.9 0.205 28.6 ± 13.2 29.8 ± 14.5 0.074
Number of stents 1.22 ± 0.46 1.26 ± 0.50 0.044 1.17 ± 0.42 1.22 ± 0.47 0.030

Values are means ± standard deviation or median (interquartile range) or numbers and percentages. The p values
for continuous data were obtained from the unpaired t-test. The p values for categorical data from chi-square or
Fisher’s exact test. LVEF, left ventricular ejection fraction; BMI, body mass index; SBP, systolic blood pressure; DBP,
diastolic blood pressure; MI, myocardial infarction; PCI, percutaneous coronary intervention; CABG, coronary
artery bypass graft; HF, heart failure; CK-MB, creatine kinase myocardial band; Hs-CRP, high sensitivity C-reactive
protein; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein;
GRACE, Global Registry of Acute Coronary Events; BBs, ß-blockers; ACEIs, angiotensin-converting enzyme
inhibitors; ARBs, angiotensin receptor blockers; LAD, left anterior descending artery; LCx, left circumflex artery;
RCA, right coronary artery; ACC/AHA, American College of Cardiology/American Heart Association; TIMI,
thrombolysis in myocardial infarction; GP, glycoprotein; IVUS, intravascular ultrasound; OCT, optical coherence
tomography; FFR, fractional flow reserve; ZES, zotarolimus-eluting stent; EES, everolimus-eluting stent; BES,
biolimus-eluting stent. a Drug-eluting stents were composed of ZES (Resolute Integrity stent; Medtronic, Inc.,
Minneapolis, MN), EES (Xience Prime stent, Abbott Vascular, Santa Clara, CA; or Promus Element stent, Boston
Scientific, Natick, MA), and BES (BioMatrix Flex stent, Biosensors International, Morges, Switzerland; or Nobori
stent, Terumo Corporation, Tokyo, Japan).

2.2. Percutaneous Coronary Intervention and Medical Treatment

A transfemoral or transradial approach was performed in accordance with the general
guidelines [9]. Aspirin (200–300 mg) and clopidogrel (300–600 mg), ticagrelor (180 mg), or
prasugrel (60 mg) were prescribed to the patients as loading doses before PCI. After PCI,
all patients were prescribed aspirin (100 mg/day) along with clopidogrel (75 mg/day),
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ticagrelor (90 mg twice a day), or prasugrel (5–10 mg/day) for at least 1 year. The access
site, revascularization strategy, and selection of the DES were left to the discretion of the
individual surgeons.

2.3. Study Definitions and Clinical Outcomes

NSTEMI was defined as the absence of persistent ST-segment elevation with increased
levels of cardiac biomarkers and appropriate clinical context [6,7]. A successful PCI was
defined as residual stenosis of <30% and thrombolysis in MI (TIMI) flow grade 3 in the
infarct-related artery. EI strategy was defined as CAG performed within 24 h of admis-
sion [1]. Glomerular function for estimated glomerular filtration rate (eGFR) was calcu-
lated using the Chronic Kidney Disease Epidemiology Collaboration equation [10]. The
GRACE risk score [11] was calculated for all patients. Complex lesions were defined as PCI
for unprotected left main coronary disease, multivessel PCI, multiple stent implantation
(≥3 stents per patient), and cases with a total length of deployed stent >38 mm [12,13]. The
primary clinical outcome was the occurrence of major adverse cardiac and cerebrovascular
events (MACCE), which was defined by all-cause death, recurrent MI (re-MI), and any
repeat coronary revascularization, including target lesion revascularization, target vessel
revascularization (TVR), non-TVR, and stroke. According to the American Heart Associ-
ation/American Stroke Association guidelines, an acute cerebrovascular event resulting
in death or neurological deficit for >24 h or the presence of acute infarction demonstrated
by imaging studies was defined as stroke [14]. All-cause death was considered a cardiac
death (CD) unless an undisputed non-cardiac cause was present [15]. The secondary clin-
ical outcome was definite or probable stent thrombosis (ST) during a 3-year follow-up
period. ST was defined according to the definition provided by the Academic Research
Consortium [16]. The definitions of re-MI, TLR, TVR, and non-TVR have been published
previously [17].

2.4. Statistical Analyses

For continuous variables, differences between the groups were evaluated using un-
paired t-tests. Data are expressed as the mean ± standard deviation or median (interquartile
range). For discrete variables, differences between the groups were expressed as counts and
percentages and were analyzed using the chi-squared or Fisher’s exact tests. Univariate
analysis was performed for all variables in the EI and DI groups with the p-value set
at <0.05. Subsequently, we performed a multicollinearity test [18] between the included
variables to confirm non-collinearity between them (Supplementary Table S1). Variance
inflation factor (VIF) values were calculated to measure the degree of multicollinearity
among the variables. A VIF of >5 indicated a high correlation [19]. When the tolerance
value was <0.1 [20] or the condition index was >10 [19], the presence of multicollinearity
was considered. Variables included in the multivariable Cox regression analysis were male
sex, left ventricular ejection fraction (LVEF), body mass index, systolic blood pressure,
diastolic blood pressure, symptom-to-door time, Killip class 3, hypertension, diabetes
mellitus, dyslipidemia, previous PCI, previous heart failure, previous stroke, current
smoker, peak creatine kinase myocardial band (CK-MB), peak troponin-I, serum creatinine,
eGFR <60 mL/min/1.73 m2, high-density lipoprotein cholesterol, low-density lipoprotein
cholesterol, GRACE risk score >140, and clopidogrel, ticagrelor, prasugrel, angiotensin-
converting enzyme inhibitor or angiotensin receptor blocker, and statin use. Moreover, to
adjust for potential confounders, a propensity score (PS)-adjusted analysis was performed
using a logistic regression model. We tested all potentially relevant variables, such as
baseline clinical, angiographic, and procedural factors (Table 1). The c-statistic for the
PS-matched (PSM) analysis in this study was 0.684. Patients in the EI group were matched
to those in the DI group (1:1) using the nearest available pair-matching method according
to PS. The subjects were matched with a caliper width of 0.01. This procedure yielded
2318 well-matched pairs (Supplementary Table S2). Various clinical outcomes were esti-
mated using a Kaplan–Meier curve analysis, and group differences were compared using
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the log-rank test. Statistical significance was defined as a two-tailed p-value of <0.05. All
statistical analyses were performed using SPSS software v. 20 (IBM; Armonk, NY, USA).

3. Results

3.1. Baseline Characteristics

Table 1 and Supplementary Tables S2 and S3 show the baseline, laboratory, angio-
graphic, and procedural characteristics of the study population. In both groups, A and B,
the mean values of peak CK-MB and troponin-I and the number of patients with pre-PCI
TIMI flow grade 0/1 were higher in the EI group (group A1 or B1) than in the DI group
(group A2 or B2). In contrast, patients who had Killip class 3 had reduced renal function
(eGFR, <60 mL/min/1.73 m2) and received clopidogrel as discharge medication; the mean
serum creatinine level was 1.26 ± 1.34 vs. 1.12 ± 1.15 mg/L in group A2 vs. group A1
(p = 0.023), and 1.21 ± 1.73 vs. 1.04 ± 1.27 mg/L in group B2 vs. group B1 (p = 0.034); the
use of intravascular ultrasound/optical coherent tomography/fractional flow rate was
higher in the DI group than in the EI group. In group A, the mean value of LVEF, num-
ber of current smokers, and prescription rates of ticagrelor, ACEIs, or ARBs as discharge
medications were higher in the EI group (group A1) than in the DI group (group A2).
However, the mean age of enrolled patients; mean values of BMI, SBP, and DBP; number
of patients with dyslipidemia and multivessel disease; and mean number of deployed
stents were higher in the DI group (group A2) than in the EI group (group A1). In group B,
the prescription rates of prasugrel, beta-blockers, and statin; use of glycoprotein IIb/IIIa
inhibitors; and transradial approach rate were higher in the EI group (group B1) than in the
DI group (group B2). In contrast, the number of patients with previous MI and PCI and
higher GRACE risk scores (>140) were higher in the DI group (group B2) than in the EI
group (group B1) (Table 1).

3.2. Clinical Outcomes

The 3-year major clinical outcomes are summarized in Table 2 and Figure 2. After
multivariable-adjusted analysis, in group A, the MACCE (Figure 2A, adjusted HR (aHR),
1.198; 95% CI, 0.944–1.521; p = 0.137), all-cause death (Figure 2B, aHR, 1.150; p = 0.434),
CD (Figure 2C, aHR, 1.100; p = 0.692), non-CD (Figure 2D, aHR, 1.207; p = 0.485), re-MI
(Figure 2E, aHR, 1.061; p = 0.809), any repeat revascularization (Figure 2F, aHR, 1.247;
p = 0.186), stroke (Figure 2G, aHR, 1.255; p = 0.394), and ST (definite or probable, Figure 2H,
aHR, 2.969; 95% CI, 0.978–9.017; p = 0.055) rates were not significantly different between
groups A1 and A2. In group B, the MACCE (aHR, 1.236; 95% CI, 0.913–1.673; p = 0.171),
all-cause death (aHR, 1.065; p = 0.869), CD (aHR, 1.359; p = 0.527), non-CD (aHR, 1.447;
p = 0.570), re-MI (aHR, 1.259; p = 0.478), any repeat revascularization (aHR, 1.289; p = 0.145),
stroke (aHR, 1.523; p = 0.299), and ST (definite or probable, aHR, 4.152; 95% CI, 0.501–32.82;
p = 0.101) rates were not significantly different between groups B1 and B2. In the total study
population, MACCE (aHR, 1.199; 95% CI, 0.995–1.445; p = 0.056), all-cause death (aHR,
1.078; p = 0.636), CD (aHR, 1.060; p = 0.780), non-CD (aHR, 1.281; p = 0.313), re-MI (aHR,
1.034; p = 0.864), any repeat revascularization (aHR, 1.258; p = 0.056), stroke (aHR, 1.351;
p = 0.175), and ST (definite or probable, aHR, 1.091; 95% CI, 0.449–2.651; p = 0.847) rates were
not significantly different between the EI (group A1+B1) and DI (group A2+B2) groups
(Table 2). These results were confirmed after PS-adjusted analysis. After PS-adjusted
analysis in both groups A and B, the primary and secondary clinical outcomes were
not significantly different between groups A1 and A2 or groups B1 and B2 (Table 2). To
provide more meaningful insights with a cut-off age of 75 or 80 years, the major clinical
outcomes were reanalyzed according to the two cut-off ages of the study population
(Supplementary Tables S4 and S5). It was observed that regardless of the cut-off age, the
primary and secondary clinical outcomes were not significantly different between groups
A1 and A2 or groups B1 and B2.
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Table 2. Comparison of clinical outcomes at 2 years.

Group A (Age, ≥65 Years, n = 2253)

Outcomes
Group A1

Early Invasive
(n = 1612)

Group A2
Delayed Invasive

(n = 641)

Log–
Rank

Unadjusted
Multivariable-

Adjusted a
Propensity

score-Adjusted

HR (95% CI) p HR (95% CI) p HR (95% CI) p

MACCE 265 (16.4) 97 (15.1) 0.434 1.097
(0.869–1.384) 0.435 1.198 (0.944–1.521) 0.137 1.176

(0.889–1.500) 0.255

All-cause death 118 (7.5) 47 (7.5) 0.997 0.999
(0.713–1.401) 0.997 1.150 (0.810–1.633) 0.434 1.269

(0.850–1.894) 0.244

Cardiac death 63 (4.0) 27 (4.3) 0.749 0.929
(0.592–1.458) 0.749 1.100 (0.687–1.761) 0.692 1.127

(0.694–1.913) 0.659

Non-cardiac
death 55 (3.5) 20 (3.2) 0.729 1.095

(0.656–1.826) 0.729 1.207 (0.712–2.043) 0.485 1.487
(0.803–2.753) 0.207

Recurrent MI 60 (3.9) 24 (3.9) 0.980 0.994
(0.619–1.595) 0.980 1.061 (0.654–1.722) 0.809 1.035

(0.584–1.653) 0.907

Any repeat
revascularization 146 (9.4) 50 (8.1) 0.325 1.175

(0.852–1.620) 0.326 1.247 (0.899–1.730) 0.186 1.236
(0.843–1.710) 0.277

Stroke 44 (2.8) 22 (3.6) 0.380 0.796
(0.477–1.327) 0.381 1.255 (0.745–2.114) 0.394 1.067

(0.570–2.000) 0.839

ST (definite or
probable) 8 (0.5) 6 (1.0) 0.231 0.529

(0.184–1.525) 0.239 2.969 (0.978–9.017) 0.055 1.490
(0.421–5.281) 0.537

Group B (Age, <65 Years, n = 2260)

Outcomes
Group B1

Early Invasive
(n = 1688)

Group B2
Delayed Invasive

(n = 572)

Log–
Rank

Unadjusted
Multivariable–

Adjusted a
Propensity

score–Adjusted

HR (95% CI) p HR (95% CI) p HR (95% CI) p

MACCE 185 (11.0) 56 (9.8) 0.457 1.120
(0.831–1.510) 0.458 1.236 (0.913–1.673) 0.171 1.317

(0.918–1.890) 0.135

All-cause death 24 (1.5) 14 (2.5) 0.098 0.577
(0.299–1.116) 0.102 1.065 (0.506–2.239) 0.869 1.583

(0.614–4.085) 0.342

Cardiac death 13 (0.8) 10 (1.8) 0.044 0.438
(0.192–0.999) 0.050 1.359 (0.525–3.517) 0.527 1.024

(0.212–2.984) 0.925

Non-cardiac
death 11 (0.7) 4 (0.7) 0.892 0.924

(0.294–2.901) 0.892 1.447 (0.405–5.172) 0.570 1.505
(0.517–6.102) 0.342

Recurrent MI 42 (2.4) 13 (2.3) 0.784 1.091
(0.586–2.032) 0.784 1.259 (0.666–2.382) 0.478 1.147

(0.746–2.411) 0.717

Any repeat
revascularization 155 (9.2) 43 (7.6) 0.246 1.221

(0.871–1.711) 0.247 1.289 (0.917–1.813) 0.145 1.347
(0.921–2.018) 0.149

Stroke 17 (1.0) 10 (1.8) 0.151 0.569
(0.260–1.242) 0.157 1.523 (0.688–3.369) 0.299 1.446

(0.551–3.109) 0.454

ST (definite or
probable) 10 (0.6) 1 (0.2) 0.218 3.376

(0.432–26.37) 0.246 4.152 (0.501–32.82) 0.101 2.984
(0.310–23.68) 0.344

Early Invasive Delayed Invasive

Outcomes
Group A1 + B1

(n = 3300)
Group A2 + B2

(n = 1213)
Log–
Rank

Unadjusted
Multivariable–

Adjusted a
Propensity

Score–Adjusted

HR (95% CI) p HR (95% CI) p HR (95% CI) p

MACCE 450 (13.6) 153 (12.6) 0.380 1.086
(0.904–1.304) 0.380 1.199 (0.995–1.445) 0.056 1.225

(0.998–1.528) 0.071

All-cause death 142 (4.3) 61 (5.1) 0.295 0.852
(0.631–1.150) 0.295 1.078 (0.790–1.470) 0.636 1.130

(0.798–1.630) 0.512

Cardiac death 76 (2.3) 37 (3.1) 0.154 0.752
(0.508–1.144) 0.155 1.060 (0.704–1.595) 0.780 1.058

(0.655–1.521) 0.807

Non-cardiac
death 66 (2.0) 24 (2.0) 0.980 1.006

(0.631–1.605) 0.980 1.281 (0.792–2.074) 0.313 1.451
(0.821–2.566) 0.200

Recurrent MI 102 (3.2) 37 (3.1) 0.960 1.010
(0.693–1.471) 0.960 1.034 (0.706–1.516) 0.864 1.029

(0.654–1.498) 0.902

Any repeat
revascularization 301 (9.3) 93 (7.9) 0.132 1.195

(0.947–1.508) 0.133 1.258 (0.994–1.591) 0.056 1.235
(0.975–1.575) 0.075

Stroke 61 (1.9) 32 (2.7) 0.095 0.696
(0.454–1.067) 0.097 1.351 (0.875–2.087) 0.175 1.037

(0.635–1.812) 0.792

ST (definite or
probable) 18 (0.6) 7 (0.6) 0.893 0.942

(0.393–2.255) 0.893 1.091 (0.449–2.651) 0.847 1.001
(0.351–2.553) 0.999

MACCE, major adverse cardiac and cerebrovascular events; ST, stent thrombosis; HR, hazard ratio; CI, confidence
interval; LVEF, left ventricular ejection fraction; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; DM, diabetes mellitus; PCI, percutaneous coronary intervention; HF, heart failure; CK-MB, creatine
kinase myocardial band; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; GRACE, Global Registry of Acute Coronary Events; ACEIs, angiotensin-converting enzyme
inhibitors; ARBs, angiotensin receptor blockers. a Adjusted by male sex, LVEF, BMI, SBP, DBP, symptom-to-door
time, Killip class 3, hypertension, DM, dyslipidemia, previous PCI, previous HF, previous stroke, current smoker,
peak CK-MB, peak troponin-I, serum creatinine, eGFR < 60 mL/min/1.73 m2, HDL-cholesterol, LDL-cholesterol,
GRACE risk score >140, clopidogrel, ticagrelor, prasugrel, ACEI or ARB, and statin.
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Figure 2. Kaplan-Meier curved analysis for MACCE (A), all-cause death (B), cardiac death (C), non-
cardiac death (D), recurrent MI (E), any repeat revascularization (F), stroke (G), and stent thrombosis
(H). MACCE, major adverse cardiac and cerebrovascular events; MI, myocardial infarction; PCI,
percutaneous coronary intervention; EI, early invasive; DI, delayed invasive.
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For further assessment of major clinical outcomes between the EI and DI groups
of groups A and B, we compared these major clinical outcomes by limiting the study
population to patients with complex lesions (Table 3). The number of patients with complex
lesions in each group was >40% (group A1, 49.6%; group A2, 55.5%; group B1, 40.9%;
group B2, 46.5%) (Figure 3). The MACCE rates were similar between the EI and DI
groups (group A1 vs. group A2; aHR, 1.149; 95% CI, 0.843–1.564; p = 0.379; group B1
vs. group B2; aHR, 1.136; 95% CI, 0.754–1.713; p = 0.542) (Table 3). The ST (definite or
probable) rates were also similar between the EI and DI groups (group A1 vs. group A2;
aHR, 3.777; 95% CI, 0.673–116.94; p = 0.139; group B1 vs. group B2; aHR, 1.140; 95% CI,
0.030–43.82; p = 0.944, Table 3). Additionally, all-cause death, CD, non-CD, re-MI, any
repeat revascularization, and stroke rates were not significantly different between the EI
and DI groups after adjustment (Table 3). Figure 4 shows the subgroup analysis for MACCE
in groups A and B. The results of the subgroup analysis using the Cox logistic regression
model revealed that all subgroups, except for those showing significant p-for-interaction,
demonstrated comparable MACCE rates in this study.

Table 3. Comparison of clinical outcomes in patient with complex coronary lesions.

Group A (Age, ≥65 Years, n = 2253)

Outcomes
Group A1

Early Invasive
(n = 799)

Group A2
Delayed Invasive

(n = 356)

Log-Rank
Unadjusted

Multivariable-
Adjusted a

HR (95% CI) p HR (95% CI) p

MACCE 141 (17.6) 61 (17.1) 0.829 1.034
(0.765–1.396) 0.829 1.149 (0.843–1.564) 0.379

All-cause death 64 (8.2) 27 (7.7) 0.814 1.056
(0.673–1.655) 0.814 1.254 (0.784–2.006) 0.345

Cardiac death 31 (4.0) 16 (4.5) 0.632 0.863
(0.472–1.578) 0.632 1.021 (0.539–1.934) 0.949

Non-cardiac death 33 (4.2) 11 (3.2) 0.404 1.336
(0.675–2.643) 0.406 1.616 (0.794–3.286) 0.185

Recurrent MI 31 (4.0) 14 (4.1) 0.966 0.986
(0.525–1.854) 0.966 1.097 (0.574–2.097) 0.780

Any repeat
revascularization 76 (9.9) 35 (10.3) 0.893 0.973

(0.652–1.452) 0.893 1.041 (0.691–1.568) 0.849

Stroke 25 (3.2) 14 (4.1) 0.490 0.795
(0.413–1.529) 0.491 1.338 (0.688–2.601) 0.391

ST (definite or
probable) 4 (0.5) 3 (0.9) 0.488 0.592

(0.133–2.646) 0.493 3.777 (0.673–16.94) 0.139

Group B (Age, <65 Years, n = 977)

Outcomes
Group B1

Early Invasive
(n = 691)

Group B2
Delayed Invasive

(n = 286)

Log-Rank
Unadjusted

Multivariable-
Adjusted a

HR (95% CI) p HR (95% CI) p

MACCE 89 (12.9) 33 (12.4) 0.892 1.028
(0.689–1.533) 0.892 1.136 (0.754–1.713) 0.542

All-cause death 12 (1.7) 10 (3.8) 0.062 0.458
(0.198–1.061) 0.068 1.005 (0.384–2.629) 0.991

Cardiac death 7 (1.0) 6 (2.3) 0.136 0.446
(0.150–1.327) 0.147 0.968 (0.285–3.288) 0.958

Non-cardiac death 5 (0.7) 4 (1.5) 0.258 0.476
(0.128–1.774) 0.269 1.026 (0.174–6.046) 0.978

Recurrent MI 14 (2.0) 5 (1.9) 0.892 1.073
(0.687–2.980) 0.892 1.347 (0.471–3.856) 0.579

Any repeat
revascularization 74 (10.8) 25 (9.6) 0.614 1.124

(0.714–1.768) 0.614 1.136 (0.716–1.802) 0.589

Stroke 6 (0.9) 8 (3.1) 0.013 0.293
(0.098–0.815) 0.019 2.923 (0.949–9.002) 0.062

ST (definite or
probable) 1 (0.1) 1 (0.4) 0.480 3.383

(0.024–6.117) 0.497 1.140 (0.030–43.82) 0.944

MACCE, major adverse cardiac and cerebrovascular events; ST, stent thrombosis; HR, hazard ratio; CI, confidence
interval; LVEF, left ventricular ejection fraction; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic
blood pressure; DM, diabetes mellitus; PCI, percutaneous coronary intervention; HF, heart failure; CK-MB, creatine
kinase myocardial band; eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; GRACE, Global Registry of Acute Coronary Events; ACEIs, angiotensin-converting enzyme
inhibitors; ARBs, angiotensin receptor blockers. a Adjusted by male sex, LVEF, BMI, SBP, DBP, symptom-to-door
time, Killip class 3, hypertension, DM, dyslipidemia, previous PCI, previous HF, previous stroke, current smoker,
peak CK-MB, peak troponin-I, serum creatinine, eGFR < 60 mL/min/1.73 m2, HDL-cholesterol, LDL-cholesterol,
GRACE risk score > 140, clopidogrel, ticagrelor, prasugrel, ACEI or ARB, statin.
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Figure 3. Distribution of complex lesions in the 4 groups. Group A1, ≥65 years and early invasive;
Group A2, ≥65 years and delayed invasive; Group B1, <65 years and early invasive; Group B2,
<65 years and delayed invasive, PCI percutaneous coronary intervention, LMCA left main coro-
nary artery.

 

Figure 4. Subgroup analysis for MACCE in older (A) and younger (B) adults. MACCE, major adverse
cardiac events; HR, hazard ratio; CI, confidence interval; LVEF, left ventricular ejection fraction; eGFR,
estimated glomerular filtration rate; GRACE, Global Registry of Acute Coronary Events.
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4. Discussion

The main findings of this prospective observational study were as follows: (1) in both
older and younger groups, after multivariable-adjusted and PS-adjusted analyses, MACCE,
all-cause death, CD, non-CD, re-MI, any repeat revascularization, stroke, and ST (definite
or probable) rates were similar between the EI and DI groups; (2) even after limiting the
study population to patients who had complex lesions in both older and younger groups,
the primary and secondary clinical outcomes were not significantly different between the
EI and DI groups.

The merits of the EI strategy include early identification of significant lesions, early
revascularization, and facilitation of earlier discharge from a facility [21]. In contrast, the DI
strategy may provide adequate time for optimal medical treatment to decrease the throm-
bus burden and improve plaque stability [21]. In general, older individuals presenting with
ACS tend to have clinical complexity, frailty, and high-risk coronary lesions [22]. Moreover,
the clinical presentation of NSTE-ACS in older adults is atypical [10], and the electrocardio-
graphic changes are less frequent in older patients than in younger patients [23]. Because
of evidence-based therapy, there was a significant decrease in mortality and morbidities
associated with ACS [24]. However, the improvements in ACS treatment strategy have
not equally improved outcomes for older adults [7]. Additionally, there is a paucity of
evidence to guide the selection of the EI or DI strategy in elderly patients with NSTE-
ACS [25]. Although previous reports [26,27] demonstrated significant beneficial effects of
the EI strategy compared with conservative treatment in elderly patients with NSTE-ACS,
these studies were not performed in the era of new-generation DESs and did not compare
clinical outcomes between the EI and DI strategies. We know that the 3-year follow-up
period in this study was insufficient to estimate long-term clinical outcomes. To overcome
insufficient information concerning comparative clinical outcomes between the EI and DI
strategies in older and younger adults with NSTEMI undergoing successful new-generation
DES implantation, we attempted to investigate the 3-year clinical outcomes, which were
not a long time. The definition of older adults is controversial. In general, a person
aged ≥60 or 65 years is considered an older adult [28]. The average age at which individu-
als experience a first heart attack is 65.8 years for men and 70.4 years for women [29]. Addi-
tionally, based on the Consensus Development Conference on Diabetes and Older Adults
(age ≥65 years) convened by the American Diabetes Association in February 2012 [30]
and another report [31], which showed that multimorbidity and polypharmacy are highly
prevalent among adults aged ≥65 years, we set the cut-off age at ≥65 years for older adults
in our study.

In the case of neointimal hyperplasia and repeated revascularization, a DES, in which
a pharmaceutically active agent is coated onto a bare-metal stent (BMS) along with a
drug-carrying polymer, is used to lower the risks posed by BMSs [7]. Although DESs are
carefully designed to reduce ST, the risk of late ST and restenosis is seen with DES use in
clinical trials [7,32]. The introduction of the 1G-DES (Cypher and Taxus) revolutionized the
field of interventional cardiology, but second-generation DESs (2G-DES; Xience, Promus)
are the gold standard of stent technology because they not only resolved the problems
associated with 1G-DES (such as inflammation and restenosis) but also decreased the
mortality rate [33].

The current guidelines suggest that older patients with NSTE-ACS should be consid-
ered for invasive management with CAG and PCI [6,7]. However, the key study underpin-
ning the current guidelines [6,7] was the TIMACS trial [1]. Although this study [1] showed
valuable results for understanding the beneficial effect of EI CAG in patients with ACS, this
study was conducted between April 2003 and June 2008; approximately 45% of the cases
used BMSs, and the type of DES was not confined to the new-generation DES. Additionally,
<60% of the patients underwent PCI. In our study, in both older and younger groups, the
major clinical outcomes were not significantly different between the EI and DI groups after
adjustments (multivariable or PS-adjusted) during a 3-year follow-up period. Regarding
the limitations of the TIMACS trial [1], our study results could be more impactful with
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respect to reflecting the current real-world practices. As shown in Table 3, we performed
additional analysis to clearly estimate long-term clinical outcomes between the EI and DI
groups. Even after considering patients with complex lesions [16,17], the 3-year major clini-
cal outcomes were not significantly different between the two groups (Table 3). Subgroup
analyses for MACCE in groups A and B (Figure 4) showed that all subgroups except for
those showing significant p-for-interaction had comparable MACCE rates.

The proportion of men decreased with age in group A (≥65 years) compared with
group B (<65 years) in our study. Additionally, comorbidities including hypertension,
diabetes mellitus, previous MI, previous HF, previous stroke, and renal insufficiency (eGFR
<60 mL/min/1.73 m2) were more prevalent in group A than in group B (Table 1). Therefore,
the patient characteristics in this study are consistent with previously published data [29,34].
This increasing prevalence of cardiovascular disease with aging has been attributed to
several age-related changes, including vascular wall elasticity, coagulation, the hemostatic
system, and endothelial dysfunction [35–37]. Hence, age-related decline in organ function
could increase cardiovascular diseases [37].

An age subgroup analysis [31] from the Treat Angina with Aggrastat and Determine
Cost of Therapy with an Invasive or Conservative Strategy—Thrombolysis in Myocardial
Infarction 18 (TACTICS-TIMI 18) trial [38] showed that the EI strategy yielded a greater
absolute (4.1% vs. 1%) and relative (42% vs. 20.4%) risk reduction in mortality or MI at
30 days in the ≥65 years of age subgroup compared with younger patients. However,
this benefit coexisted with a 3-fold higher risk of major bleeding with the EI strategy
in patients ≥75 years of age (16.6% vs. 6.5%; p = 0.009). Thus, compared with younger
patients, older patients gain greater absolute and relative benefits from the EI strategy but
with increased bleeding risk [10]. However, similar to the TIMACS trial [1], the types of
deployed stents were not confined to new-generation DESs in these studies [31,38].

The current guideline [6] suggests that the management of older patients should be
based on ischemic and bleeding risks, estimated life expectancy, comorbidities, the need
for non-cardiac surgery, quality of life, frailty, cognitive and functional impairment, patient
values and preferences, and estimated risks and benefits of revascularization. We agree
with this suggestion. Interestingly, in the era of new-generation DESs, the major clinical
outcomes were not significantly different between the EI and DI strategies in both older and
younger adults with NSTEMI during a 3-year follow-up period in our study. In the present
study, although the population size may have been insufficient to provide meaningful
results, 20 tertiary high-volume university hospitals participated in the registry. Therefore,
we believe that our results could provide helpful information to interventional cardiologists
in terms of the long-term effects of the EI and DI strategies in older and younger adults with
NSTEMI undergoing successful new-generation DES implantation. Based on our results,
we can conclude that elderly patients with several comorbidities and a relatively mild
NSTEMI would receive a more “planned” (hence delayed) treatment. It is reassuring to
note that this does not lead to inferior clinical outcomes. However, we could not completely
explain the comparable clinical outcomes between the various study groups. It may be an
important shortcoming of the non-randomized registry study.

In our study, although the number of patients with multivessel disease (average > 55%)
and type B2/C lesions (average > 80%) were higher, the LVEF was normal (average > 62%).
The number of patients with multivessel disease and type B2/C lesions in our study may
have increased after applying the exclusion criteria, as shown in Figure 1. Moreover, the
baseline characteristics of our study are similar to those in recent publications based on the
KAMIR-NIH [39,40].

This study had some limitations. First, although this study was based on a prospective
observational registry, it is not a randomized controlled study, and there may have been
selection bias. Second, bleeding is a serious complication that occurs after PCI in older
adults [26,27]; however, anti-platelet therapy after 1 year index PCI was different among
physicians; therefore, we could not include bleeding as an outcome parameter in our
study during the 3-year follow-up period—this is a major shortcoming of our study. Third,
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because we set the cut-off age for older adults at ≥65 years, our results may change
according to different cut-off ages. Fourth, despite the multivariable and PS-adjusted
analyses, variables that were not included in the data registry may have affected the study
outcome. Fifth, the 3-year follow-up period was insufficient to evaluate long-term adverse
events. Sixth, although the number of coronary bifurcation lesions, type and incidence of
procedural complications (no-reflow, coronary dissections, etc.), characteristics of calcified
coronary lesions, and use of rotational atherectomy may have impacted the outcome and
important variables for long-term prognosis, these variables were not mandatory in the
KAMIR-NIH data. Hence, we could not provide this information in our study. Finally, there
were substantial differences between the EI and DI cohorts. For example, the fact that peak
troponin was higher and TIMI flow 0/1 was more often present in the EI groups indicates a
selection bias for more severe NSTEMI cases being treated earlier (which is to be expected
in the registry setting). Yet, the DI group had more comorbidities. The PS-adjusted analysis
attempts to compensate for this but is still not ideal. To really prove that the EI strategy
does not improve outcomes compared with the DI strategy, a randomized trial is required.

5. Conclusions

In conclusion, in both older and younger adults with NSTEMI, the EI and DI strategies
showed comparable clinical outcomes after successful new-generation DES implantation
during a 3-year follow-up period. However, to clarify the differences in clinical outcomes
between these two reperfusion strategies in those patients, further randomized, large-scale,
and long-term follow-up studies are needed.
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Abstract: Background: Contemporary guidelines advocate for early invasive strategy with coronary
angiography in patients with non-ST-elevation acute coronary syndromes (NSTE-ACS). Still, the
impact of an invasive strategy in older patients remains controversial and may be challenging in spoke
hospitals with no catheterization laboratory (cath-lab) facility. Purpose: The purpose of this study was
to analyse the characteristics and outcomes of patients ≥80 years old with NSTE-ACS admitted to
spoke hospitals. Methods: Observational–retrospective study of all consecutive NSTE-ACS patients
admitted to two spoke hospitals of our cardiology network, where a service strategy (same-day
transfer between a spoke hospital and a hub centre with a cath-lab facility in order to perform
coronary angiography) was available. Patients were followed up for 1 year after the admission date.
Results: From 2013 to 2017, 639 patients were admitted for NSTE-ACS; of these, 181 (28%) were
≥80 years old (median 84, IQR 82–89) and represented the study cohort. When the invasive strategy
was chosen (in 105 patients, or 58%), 98 patients (93%) were initially managed with a service strategy,
whereas the remainder of the patients were transferred from the spoke hospital to the hub centre
where they completed their hospital stay. Of the patients managed with the service strategy, a shift of
strategy after the invasive procedure was necessary for 10 (10%). These patients remained in the hub
centre, while the rest of the patients were sent back to the spoke hospitals, with no adverse events
observed during the back transfer. The median time to access the cath-lab was 50 h (IQR 25–87), with
73 patients (70%) reaching the invasive procedure <72 h from hospital admission. A conservative
strategy was associated with: older age, known CAD, clinical presentation with symptoms of LV
dysfunction, lower EF, renal failure, higher GRACE score, presence of PAD and atrial fibrillation (all
p < 0.03). At the 1-year follow-up, the overall survival was significantly higher in patients treated
with an invasive strategy compared to patients managed conservatively (94% ± 2 vs. 54% ± 6,
p < 0.001; HR: 10.4 [4.7–27.5] p < 0.001), even after adjustment for age, serum creatinine, known
previous CAD and EF (adjusted HR: 2.0 [1.0–4.0]; p < 0.001). Conclusions: An invasive strategy may
confer a survival benefit in the elderly with NSTE-ACS. The same-day transfer between a spoke
hospital and a hub centre with a cath-lab facility (service strategy) is safe and may grant access to the
cath-lab in a timely fashion, even for the elderly.

Keywords: elderly; service strategy; coronary artery angiography; acute coronary syndrome; spoke
hospital; same-day transfer

1. Background

Recent evidence has shown the advantages of an early invasive strategy (coronary
angiography ± percutaneous coronary intervention (PCI)) for patients with intermediate–
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high-risk non-ST-segment elevation acute coronary syndrome (NSTEACS) admitted to a
hospital; such strategy is now recommended in the international guidelines [1]. However,
these recommendations are based on large randomized trials with a mean age of partici-
pants of ~65 years and, since few patients in their 80s were enrolled, the survival benefit
cannot be presupposed to translate to these patients [2]. In routine clinical practice, frail
patients with several comorbidities are more likely to be treated non-invasively, whereas
the fittest patients are more likely to undergo invasive management. Therefore, the rate
of invasive coronary angiography declines with age; only 38% of patients with NSTEMI
who are older than 80 years receive a coronary angiogram, compared with 78% of those
aged 60 years or younger [3]. Moreover, practice gaps in patients’ management have been
noticed between hospitals with or without a catheterization laboratory (cath-lab) facility
(hub centres vs. spoke centres) [4–8]. The service strategy is explained as the same-day
transfer between the referring non-invasive spoke hospital and the hub centre with cath-lab
facility; it has been shown to be a safe option and to minimise these inconsistencies [9–14].
The aim of this study was to retrospectively analyse the implementation of the service
strategy and the 1-year outcomes of the elderly admitted in spoke hospitals of an Italian
cardiology network.

2. Methods

2.1. Study Population and Data Collection

We retrospectively enrolled all consecutive patients aged ≥80 years [15], admitted to
two spoke hospitals of our cardiology network in Reggio (Guastalla and Castelnovo nè
Monti) and diagnosed with NSTEACS from January 2013 to December 2017.

NSTEACS patients were detected in data retrieved from hospital administrative sys-
tems using discharge diagnoses codes for non-ST-segment elevation myocardial infarction
(NSTEMI) and unstable angina (UA) (International Classification of Diseases, Ninth Revi-
sion, Classification Modification, or ICD-9, codes: 410.7, 411.1, 411.81 and 411.89). The study
population was divided into two groups according to the management chosen: invasive
vs. conservative.

Hospital notes were examined for more information, whenever they were judged to
be needed. All-cause death was the endpoint of the study. Follow-up information for death
was acquired from the national death index, where the status of all citizens is securely and
constantly updated and is 100% complete. Indeed, in Italy, it is mandatory by law that
all deceased patients are instantly recorded in this national data bank. Since the present
retrospective analysis did not alter the contemporary clinical practice in the reported
institutions, the regulatory authorities did not require any supplementary written informed
consent for data gathering. The ordinary written consent for coronary angiography and
data privacy was acquired from all patients.

2.2. The Cardiology Network

Reggio Emilia is an area of the Italian Emilia-Romagna region with nearly
532,000 inhabitants. Hospitals are organized according to their facilities as follows: (a)
one hub hospital with intensive cardiac care unit (ICCU) and catheterisation laboratory
(cath-lab) with 24/7 service for primary PCI (Reggio Emilia); (b) two spoke hospitals with
ICCU (Guastalla and Castelnovo nè Monti), whose data are object of the present study;
(c) three spoke hospitals with internal medicine departments and cardiology consultation
services without ICCU (Correggio, Scandiano, Montecchio) Figure 1.

Patients with NSTEACS, triaged by the emergency medical system or self-presenting,
were generally admitted to the nearest hospital with ICCU, regardless of the presence of a
catheterization laboratory. Only patients with NSTEACS and haemodynamic-instability
criteria were sent straight to the hub centre. In the spoke hospitals, the NSTEACS patients’
appropriateness for coronary angiography ± PCI was at the discretion of the clinician, after
a stratification of ischaemic and bleeding risk with the GRACE score, and consideration of
comorbidities and clinical status. If coronary angiography was suggested, the hub centre
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would be contacted to plan the procedure. According to the clinical case, patients could be
managed with service strategy (see below definition), or with a strategy of transfer from the
spoke hospital to the hub centre, where patients underwent coronary angiography ± PCI
and concluded their hospital stay with no return to the spoke centre.

Figure 1. The cardiology network in Reggio Emilia. Six hospitals serve the Province of Reggio Emilia.
Hospitals are organized according to their facilities: one invasive hub hospital with catheterisa-
tion laboratory (cath-lab) with 24/7 service (Reggio Emilia) and five non-invasive spoke hospitals
(Guastalla and Castelnovo nè Monti, whose data are the object of the present study and Correggio,
Scandiano, Montecchio). The distance between the spokes and the hub centres are expressed in km
and time.

2.3. Service Strategy: Description

The service strategy has been formerly illustrated in detail in [11,13,14].
To briefly illustrate this strategy, the NSTEACS patients hospitalised in spoke hospi-

tals were transferred to the cath-lab of the hub centre the day of coronary angiography.
Once there, the interventional cardiologist revised the medical record and re-evaluated
the suitability for the procedure. Then, coronary angiographies ± PCI were performed.
All invasive procedures were performed according to the standard interventional tech-
nique. Medical therapy (including heparin, P2Y12 receptor inhibitors, aspirin, glycoprotein
IIb/IIIa inhibitors and bivalirudin) was ordered according to contemporary guidelines [1].

After the coronary angiography, patients were monitored in the cath-lab recovery
room for nearly 4–5 h. After this time (and within the same day), patients were sent back to
the referring spoke centre, attended by basic-life-support-certified staff.

Severe angiographic complications, hemodynamic instability or logistical motivations
were considered as reasons preventing the return to the referral centre.

2.4. Endpoint

The principal objective of the present study was to describe: (a) characteristics; (b) man-
agement and strategy chosen; (c) time between hospital admission to spoke centres and
cath-lab access; and (d) outcomes in terms of all-cause death of patients ≥80 years old with
NSTE-ACS admitted to spoke hospitals.
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3. Statistical Analysis

Continuous variables were expressed as mean ± standard deviation (SD) or mean and
interquartile range (IQR) and were compared by the unpaired t-test. Categorical variables
were expressed as counts and percentages and the comparison was performed by the
chi-square test.

Kaplan–Meier curves were constructed to show survival according to strategy chosen
(invasive or conservative). Univariate and multivariable Cox proportional hazards models
were used to assess the association between strategy and the risk of death; the risk was
presented as hazard ratio (HR) and 95% confidence interval (CI).

The level of statistical significance was set at 5% (p < 0.05) and all statistical analyses
were carried out using SPSS (version 15 for Windows).

4. Results

4.1. Demographic and Clinical Characteristics of the Study Population

Table 1 shows the main baseline characteristics of the study population.

Table 1. Demographic and clinical characteristics of the study population.

Table
Invasive Strategy,

n = 105 (58%)
Conservative Strategy

n = 76 (42%)
Total

n = 181
p Value

Age, years 84 ± 3 88 ± 5 86 ± 4 <0.001

Male sex, n (%) 51 (49%) 43 (57%) 94 (52%) 0.28

Weight, kg 72 ± 12 63 ± 13 70 ± 12 0.005

BMI 26 ± 4 24 ± 4 26 ± 4 0.02

Smoke habit, n (%) 4 (4%) 2 (3%) 6 (3%) 0.1

Dyslipidaemia, n (%) 68 (65%) 23 (30%) 91 (50%) <0.001

Diabetes, n (%) 25 (24%) 19 (25%) 44 (23%) 0.48

Hypertension, n (%) 79 (75%) 54 (71%) 133 (73%) 0.44

Known CAD, n (%) 38 (36%) 44 (56%) 82 (45%) 0.009

Clinical presentation:
-Unstable angina, n (%)
-NSTEMI, n (%)

25 (24%)
80 (76%)

11 (14%)
65 (86%)

36 (20%)
145 (80%)

0.12

Clinical presentation:
-symptoms of LV dysfunction, n (%) 9 (9%) 37 (49%) 46 (25%) <0.001

Serum creatinine, mg/dL 1.1 ± 0.5 1.5 ± 0.8 1.2 ± 0.6 <0.001

Chronic renal failure requiring dialysis 1 (1%) 3 (4%) 4 (2%) <0.001

EF, % 50 ± 11 44 ± 13 47 ± 12 0.002

GRACE score 170 ± 26 186 ± 33 176 ± 29 0.001

Severe COPD, n (%) 8 (8%) 11 (14%) 19 (11%) 0.13

PAD, n (%) 22 (21%) 37 (49%) 59 (32%) <0.001

Atrial fibrillation/flutter, n (%) 12 (11%) 18 (47%) 30 (17%) 0.004

Length of hospital stay, days 6.0 ± 3.5 6.5 ± 3.7 6.5 ± 3.6 0.37

Table legend: BMI (body mass index); CAD (coronary artery disease); NSTEMI (non-ST elevation myocardial
infarction); LV (left ventricle); EF (ejection fraction); COPD (chronic obstructive pulmonary disease); PAD
(peripheral-artery disease).

From January 2013 to December 2017, 639 consecutive patients were admitted to spoke
centres with a diagnosis of NSTEACS. Of these, 181 (28%) were ≥80 years old and repre-
sented the study cohort. The median age of the study population was 84 (IQR 82–89) years
old. The most frequent clinical presentation was non-ST elevation myocardial infarction in
145 patients (80%); the remainder of the patients presented with unstable angina. Forty-six
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patients (25%) showed clinical signs of left-ventricular dysfunction and one hundred fifty-
one patients (83%) were in sinus rhythm at admission. The proportion of cardiovascular
risk factors in the study population comprised: smoke habit in 39%, dyslipidaemia in
50%, diabetes in 23%, arterial hypertension in 73% and known previous CAD in 45%.
Major comorbidities in the study population showed the presence of severe chronic kidney
disease requiring dialyses in 2%, severe chronic obstructive pulmonary disease (COPD) in
11% and peripheral-artery disease (PAD) in 32%.

Left-ventricle ejection fraction (LVEF) was 47± 12%. Serum creatinine was 1.2 ± 0.6 mg/dL.
The calculated GRACE score was 176 ± 29.
The study cohort was divided into two groups according to management: invasive

strategy in 105 (58%) while the remainder were managed with the conservative strategy.
Figure 2.

Figure 2. Study population according to the chosen management of NSTE-ACS (non-ST-elevation
acute coronary syndrome); CAA (coronary artery angiography).

4.2. Management Strategy and Time between Spoke Admission and Access to the Cath-Lab

When the invasive strategy was chosen, 98 patients (93%) were initially managed
with a service strategy, whereas the rest of the patients (7%) were transferred from the
spoke hospital to the hub centre and completed their hospital stay without returning to the
spoke centre for clinical or organizational reasons. Of the patients initially managed with
the service strategy, a shift of strategy was necessary after the invasive procedure for 10
(10%) and the patients remained in the hub centre until discharged home with no return
to the spoke hospital, mainly for clinical reasons; the rest of patients were sent back to
the spoke hospitals, with no adverse events observed during the transfer. Figure 2. The
median time for access to the cath-lab was 50 h (IQR 25–87), with 73 patients (70%) reaching
the invasive procedure <72 h from hospital admission and 23 patients (22%) reaching the
invasive procedure in <24 h. The mean hospital-stay length was 6 ± 3 days (median value
5 days; IR 4–8).

4.3. Conservative vs. Invasive Strategy

In the elderly, the conservative strategy was chosen in 76 patients (42%). Conservative
strategy was found to be associated with older age, smallest body mass index, higher
prevalence of known CAD, clinical presentation with symptoms of LV dysfunction, lower
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EF, worse renal failure, higher GRACE score, higher prevalence of PAD and atrial fibrillation
(all p < 0.03). The choice of strategy did not affect the length of hospital stay (p = 0.37).

At 1-year follow-up, the overall survival was significantly higher in patients treated
with the invasive strategy compared to patients managed conservatively (94% ± 2 vs.
54% ± 6, p < 0.001; HR: 10.4 [4.7–27.5] p < 0.001), even after adjustment for age, serum
creatinine, known previous CAD and EF (adjusted HR: 2.0 [1.0–4.0]; p < 0.001). Figure 3.

Figure 3. Overall 1-year survival after NSTEACS in patients treated with invasive strategy (blue line)
and conservative strategy (red line). Figure legend: CAA (coronary artery angiography).

4.4. Discussion

Our observational–retrospective study showed that, in our provincial cardiology
network, the treatment of elderly people admitted to spoke hospitals with NSTEACS was
characterised as follows: (a) they were managed invasively in more than half of cases;
(b) the invasive strategy conferred a 1-year survival benefit compared to the conservative
strategy; (c) the service strategy represented an effective and safe strategy to ensure access
to the cath-lab in a timely fashion (<72 h) in the vast majority of elderly patients (70%).

The elderly (aged 80 or older) characterize a growing proportion of the patients present-
ing with NSTEMI, but these patients are much less likely to receive invasive management.

Data from the National Inpatient Sample database in the USA indicated that 78%
of patients with NSTEMI aged 60 years or younger underwent coronary angiography,
compared with 38% of patients aged 81 years or older [3]. In the SENIOR-NSTEMI study,
49% of eligible patients from five tertiary centres in UK underwent invasive management
during their index admission [16].

In our study, 58% of patients older than 80 years underwent coronary angiography.
These differences in treatment strategy between elderly and younger patients likely

reflect insufficient data to guide clinical practice. In fact, recommendations are based on
large randomized trials with a mean age of participants of ~65 years and, since few patients
in their 80s were enrolled, the survival benefit cannot be assumed to translate to these pa-
tients [2]. Treatment decisions are habitually made in the elderly within the clinical context
of a delicate evaluation of risks and benefits according to comorbidities and estimated life
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expectancy. Particularly, clinicians fear bleeding risk and the risk of acute kidney injury
in decision making regarding the decision around invasive management in the elderly.
In a sub-study of the Randomized ANTARCTIC Trial, clinically relevant bleeding events
were observed in 20% of elderly patients undergoing percutaneous coronary angiography
for an ACS and were strongly associated with further stroke occurrence [17]. Rather than
the antiplatelet therapy, comorbidities and an age > 85 years predicted bleeding outcomes
in this elderly population [17]. Moreover, the elderly are at incremented risk of acute
kidney injury due to several aging-related factors, such as nephrosclerosis, inflammation
and vascular changes [18,19]. Between older adults undergoing cardiac catheterization
for acute myocardial infarction in the SILVER-AMI study, nearly one in five experienced
acute kidney injury [20]. Development of acute kidney injury after coronary angiography
is associated with worse outcomes [21], including increased length of stay, excess costs,
progression to end-stage renal disease and mortality, with predictors that largely mirrored
those described in previous studies of younger patients [20].

In our study, patients managed with the conservative strategy were associated with:
older age; smallest body mass index; higher prevalence of known CAD; known complex
coronary lesions in most cases being previously judged to not be treatable by percutaneous
coronary intervention; clinical presentation with symptoms of LV dysfunction; lower EF;
worse renal failure; higher GRACE score; higher prevalence of PAD (possibly complicating
in the choice of arterial accesses) and atrial fibrillation (raising concerns about bleeding risk
on triple-anticoagulant therapy); and having worse prognosis at 1-year follow-up.

Despite international guidelines continuing to recommend that older patients be con-
sidered for invasive management and revascularization (class IIa recommendation) [1,22,23],
these recommendations are based on small randomised trials (Italian Elderly ACS [24]
(invasive group n = 154 and non-invasive group n = 159) and the After Eighty trial [15]
(invasive group n = 229 and non-invasive group n = 228)) and small post hoc subgroup anal-
yses of randomised trials (TACTICS-TIMI 18 [25] and FIR [26]) that have evaluated invasive
management versus non-invasive management for NSTEMI in patients aged 75–80 years or
older. Moreover, a meta-analysis pooling of these data did not find evidence that invasive
management reduced mortality at long-term follow-up [27]. In the SENIOR-NSTEMI study,
the adjusted cumulative 5-year mortality was 36% in the invasive management group vs.
55% in the non-invasive management group (adjusted hazard ratio 0.68, 95% CI 0.55–0.84).
Therefore, the survival advantage of invasive compared with non-invasive management
appeared to extend to patients with NSTEMI who are aged 80 years or older [16]. The
ongoing SENIOR-RITA trial aims to randomly assign 1668 patients with NSTEMI aged
75 years or older to receive invasive or non-invasive management. The primary outcome is
a composite of cardiovascular death and non-fatal myocardial infarction, and the planned
follow-up is 5 years; the study is estimated to be completed in 2024 [28].

In absence of convincing evidence from randomised trials, a few studies from reg-
istries [29–31] have indicated a benefit from invasive therapy, but the findings might have
been amplified by immortal time bias [32] and the inclusion of very frail patients who
were certain to be managed non-invasively [33]. Studies of temporal trends from registry
data in the US and Europe suggest that, over the past two decades, the progressive switch
from a non-invasive to a more invasive approach in older patients with NSTEMI has been
accompanied by declining mortality [3,34,35].

Moreover, the admission to a tertiary (hub) centre with a cath-lab facility or to a spoke
centre without a cath-lab facility might make a difference in treatment choice, especially for
the elderly.

Several studies have described a distinct scenario in spoke centres with no cath-lab
facilities compared to tertiary centres [6–8,36]. In the Italian BLITZ 2 registry, just 36% of
patients admitted to spoke hospitals were managed with an invasive strategy [36]. The
restricted number of available beds in hub centres with a cath-lab has been indicated as
potential cause of this discrepancy between centres. In addition, in NSTEACS patients, the
correct timing for coronary angiography plays a central role [22,23]. Guidelines suggested
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an invasive strategy during the same hospital stay and, if possible, within 72 h from
admission [1,23]; this timeframe has recently been further lowered to <24 h [22].

While the number of patients with NSTE-ACS needing early coronary angiography is
expected to grow, the number of available beds in hub hospitals may not increase accordingly.

Consequently, a possible solution to these discrepancies is to establish fast-track lines
for patients in need of coronary angiography ± PCI treatments. Therefore, a healthcare
model based on service strategy (patients’ same-day transfer back to the spoke-referring
hospital after invasive procedure) has been judged to solve the bed-shortage at hub centres.
After coronary angiography and ad hoc PCI, previous studies showed that patients with
NSTEACS might be safely re-transferred to the spoke hospital after a few hours of obser-
vation [11,13,14,37]. Our previous study on ~1000 patients with NSTEACS managed with
a service strategy confirmed that the adoption of this strategy in our province network is
safe and allowed access to coronary angiography in a timely fashion [38]. Traditionally,
in our regional network, the percentage of patients with NSTEACS referred for coronary
angiography from spoke to hub centres was relatively high (73%, 95% CI 71.5–74.5%) and
a service strategy was significantly associated with early access to the cath-lab and with
a consequent reduction in the hospital stay length [37]. The present study confirms the
available evidence even in the subgroup of patients aged older than 80 years.

5. Limits of the Study

Limitations should be taken into account in the interpretation of the present data.
The main limitations of our study relate to its observational–retrospective nature and

its small sample size. In addition, we did not have information on whether there was a
differential receipt of evidence-based cardiac care in the non-invasive management group,
including prescription of medications.

Moreover, we acknowledge that the elderly patients managed with the conservative
strategy may have several confounding factors which might be associated with the worst
outcomes (cancer, severe frailty, high bleeding risk, etc.) compared to patients managed
with the invasive strategy. These factors have not been fully adjusted with multivari-
ate analysis.

However, thus far, there are no data in the literature on management and outcomes on
elderly NSTEACS patients admitted to spoke hospitals. Therefore, we believe our study
may be of interest despite its limitations.

6. Conclusions

This study provides supporting evidence for an invasive approach for treatment of
elderly people with NSTEACS.

However, this group of patients is still undertreated, especially when admitted to
spoke centres with no cath-lab facilities. A well-organised network with a service strategy
for early access to coronary angiography is safe and could guarantee access to cath-labs,
even for patients older than 80 years with NSTEACS who have been admitted to the
spoke hospitals.
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