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ABSTRACT

Background Infective endocarditis (IE) is associated with high morbidity and mortality. However, the impact of geriatric syn-
dromes on clinical outcomes in elderly patients with IE remains insufficiently characterized. The aim was to assess the preval-
ence of geriatric syndromes; focusing on frailty, functional dependence, comorbidity and malnutrition; and their association with
in-hospital mortality in advanced-age patients with infective endocarditis.

Methods This prospective multicenter observational registry included patients aged > 75 years with possible or definitive IE.
Comprehensive geriatric assessment was performed after IE diagnosis using the Clinical Frailty Scale (CFS), FRAIL scale, Mini
Nutritional Assessment Short Form (MNA-SF), Barthel index, and age-adjusted Charlson comorbidity index. Patients were classi-
fied as frail (CFS = 4) or non-frail (CFS < 4).

Results Among 115 patients (median age 81 [78-85] years, 70.4% male), 52 (45.2%) were classified as frail. Despite similar sur-
gical indications, frail patients underwent surgery less frequently than non-frail patients (10 (19.2%) vs. 30 (47.6%), P = 0.001) and
presented higher in-hospital mortality (19 (36.5%) vs. 10 (15.9%), P = 0.011). Multivariate analysis identified malnutrition risk
(MNA-SF: OR = 0.712, 95% CI: 0.516-0.983, P = 0.039) and comorbidity (adjusted Charlson: OR = 1.623, 95% CI: 1.108-2.379, P =
0.013) as independent predictors of in-hospital mortality. Frailty was significantly associated with mortality in a separate model
excluding malnutrition, suggesting overlap between both constructs.

Conclusions  Geriatric syndromes, particularly comorbidity and malnutrition, are highly prevalent in elderly patients with IE

and independently predict in-hospital mortality. Comprehensive geriatric assessment should be integrated into clinical decision-
making for this population.
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high morbidity and mortality." Its incidence is

rising, particularly among older adults, driven by
population aging, increased use of cardiovascular
devices and prosthetic valves,” and healthcare-associ-
ated infections.””! As a result, IE in elderly patients is as-
sociated with poorer prognosis and greater functional
decline.”

Frailty is characterized by reduced physiological re-
serve and increased vulnerability to stressors, and is as-
sociated with worse outcomes, including in cardiac sur-
gery. Functional dependence, however, refers to the
need for assistance in daily activities and represents a
distinct domain of geriatric assessment.”” Frailty and de-
pendence assessment is increasingly incorporated into
preoperative evaluation before valve replacement pro-
cedures.”™

Malnutrition is common among hospitalized older
adults and is associated with worse short-term out-
comes, including in patients with IE, possibly due to
chronic inflammation and a predominance of catabolic
pathways."! Comorbidity is also highly prevalent in eld-
erly patients with IE and has been linked to increased
short- and long-term adverse events, likely reflecting re-
duced physiological reserve and greater vulnerability to
infection-related complications.”™

Previous studies have shown that frailty is associated
with worse outcomes in IE. However, most have as-
sessed frailty without any specific screening validated
scale! or using a single instrument,™ focused on surgic-
al patients,”” or evaluated isolated geriatric domains
rather than a multidimensional approach. Comprehens-
ive assessment integrating different frailty scales togeth-
er with malnutrition, functional dependence, and co-
morbidity specifically in older IE patients remains lim-
ited. Moreover, current clinical guidelinesm] do not
provide specific recommendations regarding systematic
multidimensional geriatric assessment in this setting.

Our aim was to assess the prevalence of frailty, co-
morbidity, functional independence, and malnutrition
and their independent association with in-hospital mor-
tality in advanced-age patients with IE.

Infective endocarditis (IE) remains a condition with

METHODS

Study Oversight

This prospective observational registry included pa-
tients older than 75 years with a definitive or possible
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diagnosis of IE according to modified Duke criteria™ at 5
hospitals between February 2023 and June 2025. Epi-
demiological, clinical, analytical, microbiological, and
cardiac imaging data were collected during hospitaliza-
tion according to the our group protocol,” including car-
diological or infectious complications occurring during
admission, both before and after surgery. The protocol of
this study was performed in accordance with the De-
claration of Helsinki and was reviewed and approved by
the Institutional Ethics Committee at all participating
hospitals, according to local standards.

Throughout the study period, consecutive patients
meeting inclusion criteria (admission for possible or
definitive IE and age over 75 years) underwent geriatric
assessment at the moment of IE diagnosis after signing
informed consent. No exclusion criteria were specified,
and efforts were made to consecutively include all pa-
tients without exclusion based on clinical severity or
functional status.

Patient management was conducted at the treating
physician's discretion, and prescribed antibiotic treat-
ment, surgical indication, and whether surgery was per-
formed were recorded. In-hospital all-cause mortality
was recorded as the primary outcome variable.

Geriatric Assessment

Geriatric assessment (supplementary Tables S1-55)
was performed at the moment of IE diagnosis by ad-
equately trained physicians responsible for patient care.
This assessment included frailty screening using the Fa-
tigue, Resistance, Ambulation, Illnesses and Loss of
weight scale (FRAIL)"™ and the Clinical Frailty Scale
(CFS)." These both instruments were selected because
they represent complementary approaches to frailty as-
sessment: CFS is a clinician-judgment-based global
measure of vulnerability integrating comorbidity, cogni-
tion and functional status, whereas FRAIL is a question-
naire-based screening tool focused on physical frailty do-
mains. The use of both scales aimed to explore the ro-
bustness of frailty assessment across different operation-
al definitions. Both scores were performed at the time of
IE diagnosis, but particular attention was paid to recon-
structing the patient’s baseline functional status prior to
the acute event. The assessment integrated information
provided by both patients and relatives regarding pre-
admission functional capacity and clinical condition.

Furtheremore, nutritional risk analysis using the Mini
Nutritional Assessment Short Form (MNA-SF),!” and
dependence assessment using the Barthel index.I"! Ad-
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ditionally, comorbidity was evaluated using the age-ad-
justed Charlson scale.”

Statistical Analysis

No formal a priori sample size calculation was per-
formed given the exploratory, registry-based design;
however, based on an estimated eligible population of
approximately 150 patients across the five centres, a
sample of 114 was calculated to achieve 95% confidence
with a 5% margin of error. Continuous variables were
expressed as median (interquartile range [IQR]) and cat-
egorical variables as percentages. Initially, the sample
was divided into frail (CFS > 4) and non-frail (CFS < 4)
patients, and main characteristics were compared
between both groups using Chi-square and Mann-Whit-
ney U'tests. Subsequently, factors associated with in-hos-
pital mortality were analyzed using Chi-square and
Mann-Whitney U tests; additionally, geriatric variables
showing statistical significance with in-hospital mortal-
ity were represented using survival curves. Finally, lo-
gistic regression was performed with all variables show-
ing statistical significance in univariate mortality analys-
is, excluding those demonstrating overlap. A backward
stepwise conditional procedure (“Conditional steps
backward”) was applied for variable selection, and the
Hosmer-Lemeshow goodness-of-fit test was also in-
cluded. Odds Ratio (OR) for continuous variables rep-
resent the effect per 1-point increase in the correspond-
ing scale.

RESULTS

Baseline Patients’ Characteristics

During the study period, a total of 203 IE cases were
registered across the five participating centres, of which
130 were aged > 75 years and therefore potentially eli-
gible. A total of 15 patients were not enrolled, 3 died be-
fore geriatric assessment could be performed; the re-
maining 12 were missed due to logistical constraints in-
herent to consecutive prospective recruitment (Supple-
mentary Figure S1). Finally, 115 patients with IE (102
definite and 13 possible IE) were included. There were
no missing data in the dataset; data completeness was a
primary objective of the study's quality control process.
The median age was 81 (78-85) years and there were 81
(70.4%) men (Table 1). Most registered IE cases were en-
terococcal (35 cases, 30.4%), involving the aortic valve (72
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Table1 Key clinical features of infective endocarditis.

Demographic characteristics N=115
Age, yrs 81 (78-85)
Male 81 (70.4%)
Comorbidity - Age-adjusted Charlson Median 5.7
Index (IQR 5-7)
Community-acquired 80 (69.6%)
Nosocomial 24 (20.9%)
Healthcare-associated 11 (9.6%)

Location
Aortic 72 (62.6%)
Mitral 51 (44.3%)
Tricuspid 1 (0.9%)
Pulmonary 1(0.9%)
Native valve 60 (52.2%)
Prosthetic valve 50 (43.5%)
Cardiac device-related (pacemaker/ICD) 6 (5.2%)
infection

Etiology
Staphylococcus aureus 23 (20.0%)
Enterococcus spp 35 (30.4%)
Streptococcus spp 30 (26.1%)
Coagulase-negative staphylococci 12 (10.4%)
Candida spp 1 (0.9%)
No identified etiology 3 (2.6%)
Polymicrobial 2 (1.7%)
Gram-negative bacilli 3 (2.6%)

Complications
Cardiac Complications 21 (18.3%)

Perforation or rupture 7 (6.1%)
Pseudoaneurysm 7 (6.1%)
Abscess 11 (9.6%)
Intracardiac fistula 2 (1.7%)
Heart Failure 40 (34.8%)
Central Nervous System involvement 20 (17.4%)
Embolic Events 25 (21.7%)
Acute Kidney Injury 24 (20.9%)
Septic Shock 9 (7.8%)
In-hospital mortality 29 (25.2%)

Management
Surgery Indicated 74 (64.3%)
Surgery Performed 40 (34.8%)
Antibiotic Duration, day 42 (28-48)

Data are presented as Median (IQR) or n (%). ICD: implantable
cardiac defibrillator; IQR: interquartile range.
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cases, 62.6%), and community-acquired (80 cases, 69.6%).

Regarding nutritional status, 71 patients (61.7%) were
at risk of malnutrition (MNA-SF 7-11) and 13 (11.3%)
were malnourished (MNA-SF < 7). Functional depend-
ence, defined as a Barthel Index < 60, was present in 20
patients (17.3%). Frailty according to FRAIL scale (=3
points) was identified in 93 patients (80.9%). Fifty-two
patients (45.2%) were classified as frail according to CFS (=
4 points). Analysis of responses to each item of the ap-
plied geriatric scales is presented in table S6 of the sup-
plementary material.

Frail patients were older (82 +5.1 vs. 80 £4.1, P=
0.014) than non-frail patients, with no statistical signific-
ance detected in other clinical and microbiological char-
acteristics (Table 2). As expected, they presented a more
unfavorable geriatric profile with greater comorbidity
and higher prevalence of all analyzed geriatric syn-
dromes.

Despite no significant differences in surgical indica-
tion between frail and non-frail patients, surgery was
performed less frequently in frail patients (10 [19.2%] vs.
30 [47.6%], P=0.001) (Table 2). Accordingly, surgery in-
dicated but not performed was more common among
patients with CFS >4 compared to those with CFS < 4
(46.2% vs.17.4%, P < 0.01). Although the reasons for not
performing surgery were not systematically recorded in
all cases, the available data suggest that the main reasons
were prohibitive operative risk and a multidisciplinary
decision by the Endocarditis Team against surgical inter-
vention. The median EuroSCORE was similar between
groups, with 30 (IQR 20-55) in patients with CFS < 4 and
32 (IQR 24-58) in those with CFS > 4 (P= 0.510). In-hos-
pital mortality in the overall sample was 29 cases (25.2%),
being higher in frail patients (19 deaths (36.5%) vs. 10
(15.9%), P=0.011) (Table 2).

In-hospital Mortality Analysis

Univariate analysis of in-hospital mortality is presen-
ted in Table 3. Mortality was higher in women and in
patients with healthcare-associated endocarditis. The
presence of intracardiac complications, specifically para-
valvular abscess, and the development of heart failure
and septic shock were similarly associated with higher
mortality. Surgery was a protective factor, as was longer
duration of antibiotic treatment, although the latter vari-
able showed clear collinearity with length of hospital
stay, which was longer in patients who survived.

Although scores on all geriatric assessment scales were
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more unfavorable in patients who died, significant dif-
ferences were only found in CFS scores (Figure 1A),
MNA-SF scale (Figure 1B) and Charlson index (Figure
1C).

Multivariate mortality analysis is presented in Table 4.
Variables included in the analysis were: age, sex (male),
age-adjusted Charlson index, healthcare-associated ac-
quisition, intracardiac abscess, septic shock, heart failure,
surgery performance, CFS, and MNA-SF scale. Antibi-
otic treatment duration was excluded from the mul-
tivariable model due to its tautological relationship with
survival time: patients who died earlier received shorter
antibiotic courses by definition (median antibiotic dura-
tion in non-survivors: 21 days [IQR 11-34]; median time
to in-hospital death: 26 days [IQR 14-34]), and its inclu-
sion would therefore not constitute an independent clin-
ical predictor.

Factors independently associated with mortality were
the occurrence of complications such as septic shock and
healthcare-associated acquisition. Cardiac surgery was a
protective factor. Regarding geriatric syndromes, both
greater comorbidity measured by the Charlson scale (OR
=1.623, 95% CI: 1.108-2.379, P= 0.013) and higher mal-
nutrition risk assessed by the MNA-SF scale (OR = 0.712,
95% CI: 0.516-0.983, P= 0.039) were associated with in-
creased mortality.

Although formal collinearity was not detected (Vari-
ance Inflation Factor <1.2; Spearman p = 0.529), a sensit-
ivity multivariable model excluding MNA-SF was per-
formed (Table 4) given the recognized clinical and
pathophysiological overlap between malnutrition and
frailty as partially overlapping geriatric constructs shar-
ing common biological pathways. We detected in this
analysis an independent effect of frailty measured by
CFS on in-hospital mortality (OR = 1.709, 95% CI:
1.205-2.425, P=0.003).

DISCUSSION

The main findings of this study are: (1) the prevalence
of geriatric syndromes in elderly patients hospitalized
for IE is high, (2) despite similar surgical indication, frail
patients underwent surgery less frequently, and (3) mal-
nutrition, comorbidities and frailty are associated with
higher in-hospital mortality rates in our sample (Figure 2).

In the present study, the frailty rate determined by a
CFS score >4 was 45.2%. Frailer patients were older and
had higher rates of complex comorbidity, as well as
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Table 2 Comparison between frail and non-frail patients.

Variables CFS<4,n=63 CFS24,n=52 P
Age, yrs 80 (77-83) 82 (78-87) 0.014
Male 48 (76.2%) 33 (63.5%) 0.132
Location
Aortic 44 (69.8%) 28 (53.8%) 0.078
Mitral 23 (36.5%) 28 (53.8%) 0.063
Tricuspid 1 (1.6%) 0 -
Pulmonary 1 (1.6%) 0 -
Native IE 32 (50.8%) 28 (53.8%) 0.744
Prosthetic IE 26 (41.3%) 24 (46.2%) 0.599
PM/ICD 4 (6.3%) 2 (3.8%) 0.548
Comorbidities
Age-adjusted Charlson. Median (IQR) 5 (4-6) 6 (5-7) 0.029
Etiology
Staphylococcus aureus 11 (17.4%) 12 (23.0%) 0.454
CNS 6 (9.5%) 6 (11.5%) 0.725
Enterococcus spp 19 (30.1%) 16 (30.8%) 0.944
Streptococcus spp 19 (30.1%) 11 (21.2%) 0.274
Candida spp 1 (1.5%) 0 =
No etiology 2 (3.2%) 1 (1.9%) 0.675
Polymicrobial 2 (3.2%) 0 -
Gram-Negative Bacilli 2 (3.2%) 1(1.9%) 0.675

Clinical Course

Site of acquisition

Community-acquired 45 (71.4%) 35 (67.3%) 0.633
Nosocomial 12 (19.0%) 12 (23.1%) 0.597
Healthcare-associated 6 (9.5%) 5 (9.6%) 0.987
Intracardiac complications 14 (22.2%) 7 (13.4%) 0.226
Perforation or rupture 7 (11.1%) 0 -
Pseudoaneurysm 3 (4.7%) 4 (7.6%) 0.513
Abscess 6 (9.5%) 5 (9.6%) 0.987
Intracardiac fistula 1 (1.5%) 1 (1.9%) 0.891
Heart failure 24 (38.1%) 16 (30.7%) 0.412
Central Nervous System involvement 11 (17.5%) 9 (17.3%) 0.915
Embolization 18 (28.5%) 7 (13.4%) 0.051
New/Worsening renal failure 15 (23.8%) 9 (17.3%) 0.393
Septic Shock 7 (11.1%) 2 (3.8%) 0.149
Sepsis 10 (15.8%) 4 (7.6%) 0.182
Surgical indication 40 (63.4%) 34 (65.3%) 0.833
Surgery 30 (47.6%) 10 (19.2%) 0.001
Antibiotic treatment duration 42 (31-51) 52 (21-46) 0.060
In-hospital mortality 10 (15.9%) 19 (36.5%) 0.011
FRAIL Scale. Median (IQR) (maximum 5 points) 1(0-2) 3 (1-4) <0.01
MNA-SF Test. Median (IQR) (maximum 14 points) 11 (9-12) 9 (7-10) <0.01
Barthel index. Median (IQR) (0-100 points) 100 (95-100) 70 (55-95) <0.01

Data are presented as Median (IQR) or n (%). CFS: Clinical Frailty Scale; CNS: Coagulase-Neﬁative Staphylococci; FRAIL: Fatigue,
Resistance, Ambulation, Illnesses and Loss of weight; ICD: Implantable Cardioverter Defibrillator; IE: Infective Endocarditis; IQR:
Interquartile Range; MNA-SF: Mini Nutritional Assessment Short Form; PM: Pacemaker.
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Table 3 Univariate in-hospital mortality analysis.

Variables Survivors (86) Deaths (29) r
Age, yrs 80 (77-83) 83 (79-86) 0.218
Male 65 (75.6%) 16 (55.2%) 0.037
Location
Aortic 54 (62.8%) 18 (62.1%) 0.945
Mitral 36 (41.9%) 15 (51.7%) 0.355
Tricuspid 1 (1.2%) 0 -
Pulmonary 0 1 (3.4%) -
Native IE 46 (53.5%) 14 (48.3%) 0.627
Prosthetic IE 34 (39.5%) 16 (55.2%) 0.142
PM/ICD 6 (7.0%) 0 -
Comorbidities
Age-adjusted Charlson 5 (4-6) 7 (5-8) 0.006
Etiology
Staphylococcus aureus 15 (17.4%) 8 (27.6%) 0.238
CNS 7 (8.1%) 5 (17.2%) 0.166
Enterococcus spp 26 (30.2%) 9 (31.0%) 0.935
Streptococcus spp 26 (30.2%) 4 (13.8%) 0.081
Candida spp 1(1.2%) 0 =
No etiology 3 (3.5%) 0 -
Polymicrobial 0 2 (6.9%) -
Gram-Negative Bacilli 2 (2.3%) 1 (3.4%) 0.743

Clinical Course

Site of acquisition

Community-acquired 67 (77.9%) 13 (44.8%) 0.001
Nosocomial 12 (14.0%) 12 (41.4%) 0.002
Healthcare-associated 7 (8.1%) 4 (13.8%) 0.371
Intracardiac complications 12 (13.9%) 9 (31.0%) 0.040
Perforation or rupture 5 (5.8%) 2 (6.8%) 0.833
Pseudoaneurysm 4 (4.6%) 3 (10.3%) 0.267
Abscess 4 (4.6%) 7 (24.1%) 0.002
Intracardiac fistula 0 2 (6.8%) -
Heart failure 24 (28.2%) 16 (55.2%) 0.009
Central Nervous System involvement 14 (16.2%) 6 (20.7%) 0.588
Embolization 19 (22.0%) 6 (20.7%) 0.874
New/Worsening renal failure 15 (17.4%) 9 (31.0%) 0.119
Septic Shock 3 (3.4%) 6 (20.7%) 0.003
Sepsis 9 (10.4%) 5 (17.2%) 0.335
Surgical indication 52 (60.4%) 22 (75.8%) 0.134
Surgery 36 (41.8%) 4 (13.8%) 0.006
Antibiotic treatment duration 42 (34-51) 21 (11-34) <0.01
FRAIL Scale. Median (IQR) (maximum 5 points) 1(0-3) 2 (1-3) 0.215
MNA-SF Test. Median (IQR) (maximum 14 points) 10 (9-12) 9 (6-10) 0.005
Barthel index. Median (IQR) (0-100 points) 100 (80-100) 87 (60-100) 0.091
CFS. Median (IQR) (maximum 9 points) 3 (3-4) 5 (3-6) 0.008

Data are presented as Median (IQR) or n (%). CFS: Clinical Frailty Scale; CNS: Coagulase-Negative Staphylococci; FRAIL: Fatigue,
Resistance, Ambulation, Illnesses and Loss of weight; ICD: Implantable Cardioverter Defibrillator; IE: Infective Endocarditis; IQR:
Interquartile Range; MNA-SF: Mini Nutritional Assessment Short Form; PM: Pacemaker.
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Figure 1 Kaplan-Meier Survival Curves for In-Hospital Mortality. (A): In-hospital mortality according to Clinical Frailty Scale; (B):
in-hospital mortality according to MNA-SF scale; (C): in-hospital mortality according to age-adjusted Charlson index. MNA-SF: Mini
Nutritional Assessment Short Form.

Table 4 Multivariate in-hospital mortality analysis.

Model 1 (with MNA-SF) Model 2 (without MNA-SF)

Variable

OR 95% CI P OR 95% CI P
Age 0.961 0.847-1.089 0.529 0.988 0.879-1.111 0.838
CFS 1.291 0.843-1.977 0.240 1.709 1.205-2.425 0.003
MNA-SF Scale 0.712 0.516-0.983 0.039 - - -
Male sex 0.269 0.063-1.153 0.077 0.538 0.151-1.917 0.339
Age-adjusted Charlson Index 1.623 1.108-2.379 0.013 2.745 0.765-9.854 0.122
Nosocomial acquisition 8.527 1.999-36.366 0.004 9.786 2.308-41.500 0.002
Abscess 5.783 0.835-40.048 0.075 7.148 1.119-45.644 0.038
Heart failure 1.967 0.583-6.636 0.275 2.726 0.871-8.534 0.085
Septic shock 35.958 4.009-322.560 0.001 33.202 3.779-291.677 0.002
Surgery 0.091 0.012-0.722 0.023 0.108 0.016-0.752 0.025

CFS: Clinical Frailty Scale; MNA-SF: Mini Nutritional Assessment Short Form. OR for continuous variables represent the effect per 1-
point increase in tKe corresponding scale. Hosmer-Lemeshow: 0.773. Model 1 includes all variables that showed significance in
univariant survival analysis (excluding antibiotic duration for collinearity with mortality). Model 2 excludes MNA-SF to assess the
independent effect of CFS.

greater prevalence of other geriatric syndromes. In this  to our findings.
group, almost one third of the IE cases were healthcare- To our knowledge, this is the first prospective study
associated or nosocomial and caused by Enterococcus  evaluating frailty in elderly patients hospitalized for IE
spp, similar to comparable studies."**” using the CFS. This scale is a validated tool in advanced-
Comparison of geriatric assessment between our  age populations with both acute and chronic heart dis-
sample and previous studies is complex given the het-  ease and has consistently demonstrated an association
erogeneity of scales used and populations included. Ina  with adverse outcomes.” Its main strengths are its sim-
French cohort of patients > 75 years with IE, approx-  plicity and rapid applicability, as it can be based on clin-
imately 40% of patients were at risk of malnutritionand,  ical judgment and information from the patient or relat-
although no specific frailty scale was employed, in-  ives, making it suitable for use in acute settings.
cluded patients had significant functional impairmentat ~ However, it remains partly subjective and may be less
admission, with only 35.5% of patients able to walk. In  accurate in certain subgroups, such as patients with sig-
another Spanish cohort of IE patients not selected by nificant cognitive impairment.
age '™ dependence was less frequent than in our sample, In our cohort, frailty assessed by CFS was independ-
but only 40.1% of patients were considered robust, similar ~ ently associated with in-hospital mortality, whereas the
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This study assessed how geriatric syndromes — frailty, malnutrition, and comorbidity —independently impact
in-hospital mortality for elderly patients (> 75 years) with infective endocarditis, highlighting them as
powerful predictors of poor outcomes.

Study population

snapshot @n @
Patients aged qul
275 years with l L[]

©

Total patients
enrolled
lean age: 81 years

1

050162

Malnutrition risk

Key independent risk factors for in-hospital mortality
frail patients had significantly higher in-hospital mortality.

[ JOP
@S
15.9% MR 36.5%
Robust group “ Frail group
mortality ve mortality

/sis predictors of in-hospital death

OR: 0.712

OR:0.712  95% CI: 0.516-0.983
(MNA-SF) p-value: 0.039 LA
5 i OR: 1.623
(-Coﬁm_’lfbldl,tyd W OR:1.623 95% CI: 1.108-2.379
(Charlson index) p-value: 0.013

OR: 1.709
Frailty (CFS)* OR:1.709  95% CI: 1.205-2.425 ﬂ/

p-value: 0.003

*Frailty's independent effect was shown in a separate model that excluded

the malnutrition score to avoid statistical collinearity.

Figure 2 Geriatric syndromes as mortality predictors in elderly patients with infective endocarditis.

FRAIL scale was not. This difference may be explained
by the distinct constructs captured by each instrument:
CFS reflects global vulnerability, integrating functional,
cognitive, and comorbidity domains, while FRAIL fo-
cuses primarily on physical frailty. Therefore, the associ-
ation observed between CFS and in-hospital mortality
should be interpreted as reflecting global multidimen-
sional vulnerability rather than frailty per se. This broad-
er construct may account for the greater prognostic dis-
criminatory capacity of CFS compared with scales
centered on physical frailty dimensions alone.

A recent prospective study demonstrated the pro-
gnostic value of the FRAIL scale at 1 year in an age-unse-
lected population with IE."* The absence of an inde-
pendent association in our study may relate to the ex-
clusive inclusion of advanced-age patients, among
whom baseline physical frailty is highly prevalent and
therefore less discriminatory. In contrast, global vulner-
ability assessed by CFS, together with nutritional status,
provided greater prognostic stratification, suggesting
that multidimensional vulnerability rather than physical
frailty alone may better capture risk in this elderly popu-
lation.

In our study, we detected a high prevalence of pa-
tients at risk of malnutrition according to the MNA-SF
scale. The prevalence of malnutrition or risk of develop-
ing it has not been sufficiently studied in this context. A
prospective study identifies the long version of the MNA
scale as a predictor of events in the first three months fol-
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lowing an IE episode.” Another recent study evaluates
nutritional status using the CONUT scale!™ without
finding prognostic impact. This may be because this scale
is based on analytical parameters, including total
lymphocyte count, which may be altered by the IE epis-
ode itself.

However, our studly is the first to use the short version
of the MNA, which has similar value to the long version
but has the main advantage of simplicity and requiring
little time for assessment."” Based on questionnaire re-
sponses, most patients reported weight loss, decreased
appetite, or coexistence of other stressful medical or
emotional situations. Therefore, there may be some
overlap between patients identified as at risk of malnu-
trition using the MNA-SF and frail patients identified
with specific frailty scales.”

There is a clear bidirectional relationship between
malnutrition and frailty. Malnourished patients typically
develop muscular alterations due to reduced protein in-
take and impaired protein synthesis, leading to sar-
copenia, physical inactivity, and, in advanced stages,
cachexia. These changes are key components of the
frailty phenotype and functional dependence, which in
turn promote further inactivity, anorexia, and weight
loss, creating a self-perpetuating cycle of declining
physiological reserve.”!

Moreover, frail and malnourished patients exhibit a
marked proinflammatory state associated with im-
mune dysfunction, impaired tissue repair, and reduced
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resilience to acute stressors. During an episode of IE, this
diminished physiological reserve may limit the ability to
cope with the severe inflammatory and metabolic bur-
den imposed by infection, contributing to organ dys-
function and increased mortality. Additionally, frail and
malnourished patients typically present greater comor-
bidity and higher healthcare utilization,”* factors that
further increase vulnerability and may partly explain the
adverse prognosis observed in our cohort. In line with
this, we also found higher in-hospital mortality among
patients with a greater Charlson comorbidity index, as
previously reported by our group.””

Finally, elderly patients with higher prevalence of
geriatric syndromes undergo surgery less frequently
even when presenting similar surgical indication. In our
sample, only 19.2% of frail patients underwent surgery,
compared with 47.6% of non-frail patients. This lower
rate of performed surgery has been previously evid-
enced based on age,”™ comorbidity,” or frailty status.”
This may be due to significant weight given to patients'
geriatric and functional status in collegial decisions by IE
teams. However, inclusion of these variables in main
perioperative risk assessment scales is infrequent,”*
and geriatricians are not commonly found as part of
these multidisciplinary teams. This is particularly strik-
ing when evidence already exists that IE surgery per-
formed in frail patients is associated with worse out-
comes than that performed in robust patients.”

Studies like ours highlight the need for specialized as-
sessment of these syndromes as they are potentially re-
versible states. Treatment through nutritional counseling
and supplementation and motor rehabilitation has
already proven capable of improving nutritional status
and functional status in patients with other heart dis-
eases.” Therefore, early implementation of this ap-
proach could improve the prognosis of these patients
and even make them suitable for surgical intervention
for which they may not initially be candidates.

Based on our findings, we propose that comprehens-
ive geriatric assessment should be systematically integ-
rated into the initial evaluation of all IE patients aged > 75
years at the time of diagnosis. A pragmatic three-do-
main workflow could include: (1) frailty screening using
the CFS (= 4 points indicating frailty); (2) nutritional risk
assessment using the MNA-SF (<11 points indicating
risk of malnutrition); and (3) functional assessment us-
ing the Barthel index (< 60 points indicating significant
dependence). Charlson index might be also estimated by
reviewing clinical registries. This assessment can be

¥ http:/ /www.jgc301.com; jgc@jgc301.com

completed in under 15 minutes by trained physicians,
especially geriatricians, and provides actionable risk
stratification to guide multidisciplinary Endocarditis
Team decisions regarding surgical candidacy, intensity
of monitoring, and early referral for nutritional support
and physical rehabilitation.

One limitation of our study is the relatively small
sample size, with a total of 29 in-hospital deaths. Giv-
en this limited number of events, the multivariable
logistic regression analyses should be interpreted
with caution, as the estimates may lack statistical
stability and the risk of overfitting cannot be ex-
cluded. Accordingly, the multivariable findings
should not be considered definitive, and replication
in larger prospective cohorts is warranted. The geri-
atric assessment was incomplete not including di-
mensions such as cognitive impairment and in
some cases was performed by physicians trained in
its application but not by dedicated geriatricians.
Furthermore, CFS was assessed at the time of IE
diagnosis rather than prior to the acute episode. In
the context of acute illness — particularly in pa-
tients presenting with heart failure, sepsis, or septic
shock — CFS scores may partly reflect acute dis-
ease severity rather than pre-existing frailty status
what may lead to overestimation of baseline frailty. Al-
though we attempted not to exclude the most severely ill
patients, those who died before the geriatric assessment
could be performed were not included, which may in-
troduce a potential selection bias. Finally, post-discharge
follow-up data were unavailable.

As a conclusion, geriatric syndromes, particularly co-
morbidities and malnutrition, emerge as highly preval-
ent conditions in elderly patients with IE, affecting out-
comes independently of traditional risk factors. Given
these observations, comprehensive geriatric assessment
should be systematically integrated into the evaluation
and management of elderly patients with IE.
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