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ABSTRACT

Background and Aims: Ischemic stroke is a serious risk for patients undergoing transcatheter aortic valve replacement
(TAVR). The relationship between malnutrition and post-TAVR ischemic stroke remains unclear. This study investigates this
association using the National Inpatient Sample (NIS) data.

Methods: A retrospective observational study was conducted using NIS data from 2012 to 2021. We included patients who
underwent TAVR and were diagnosed with malnutrition based on ICD-9 and ICD-10 codes. Patients under 18 years, with a
history of preoperative stroke, with both ischemic and hemorrhagic strokes, or with incomplete data were excluded. Logistic
regression was performed to evaluate the association between malnutrition and ischemic stroke, adjusting for potential con-
founders. Sensitivity analyses included stratified analysis and propensity score matching.

Results: Among 364,580 TAVR patients, 10,415 (2.86%) were diagnosed with malnutrition. Malnourished patients were older
(78.04 vs. 77.40), predominantly white (85.69%), and had a higher incidence of ischemic stroke (11.47% vs. 7.25%, p < 0.001).
After adjusting for common ischemic stroke risk factors, malnutrition was significantly associated with an increased risk of
ischemic stroke (aOR: 1.51; 95% CI: 1.31-1.74). This association remained significant in the propensity-matched cohort. Sub-
group analyses consistently showed associations between malnutrition and stroke risk across various demographic and clinical
factors. Time trend analysis showed no significant difference in the annual incidence of perioperative ischemic stroke between
malnourished patients with or without cerebral embolic protection devices (p = 0.439).

Abbreviations: AHRQ, agency for healthcare research and quality; AOR, adjusted odds ratio; CI, confidence interval; HCUP, healthcare cost and utilization project; ICD-10-CM, international
classification of diseases, tenth revision, clinical modification; ICD-9-CM, international classification of diseases, ninth revision, clinical modification; NIS, national inpatient sample; OR, odds ratio;
PSM, propensity score matching; SAVR, surgical aortic valve replacement; SMD, standard mean difference; TAVR, transcatheter aortic valve replacement.
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Conclusion: Malnutrition is associated with a higher risk of ischemic stroke following TAVR, highlighting the need for

targeted interventions.

1 | Introduction

Transcatheter aortic valve replacement (TAVR) has emerged as
the preferred treatment modality for patients with aortic ste-
nosis, across a spectrum of risk profiles, surpassing traditional
surgical aortic valve replacement (SAVR) in efficacy and out-
comes [1]. Despite technological advancements, TAVR still
carries risks, including conduction block, paravalvular leak,
coronary artery obstruction or myocardial infarction, local
vascular complications, aortic dissection, cardiac tamponade,
valve migration or detachment, acute kidney injury, and stroke.

Stroke, particularly ischemic stroke, is a severe complication fol-
lowing transcatheter aortic valve replacement (TAVR), with
notably high rates of disability, mortality, and recurrence [2-5].
Most strokes occur within 24 h post-TAVR, with a median onset
time of 6h [6-8]. Without prompt treatment, patients may ex-
perience various complications, including sensory and motor
impairments, communication difficulties, cognitive dysfunction,
psychological issues, and dysfunction of other organs, imposing
significant burdens on patients and their families. According to a
study based on national readmission databases, the incidence of
complications and hospitalized mortality significantly increases
following TAVR-associated acute ischemic strokes, tripling the
risk and substantially raising hospitalization costs by 32%. Addi-
tionally, there's a notable surge in the utilization of skilled nursing
and intermediate care facilities by 121%, along with a 132%
increase in readmission costs. Furthermore, ischemic strokes
prolong hospital stays and elevate the occurrence of mechanical
ventilation, gastrostomy, tracheostomy, and nonhome discharge
rates [9]. Given the adverse effects and economic burden associ-
ated with ischemic strokes, identifying their risk factors is crucial
for preventing ischemic strokes in TAVR patients.

The occurrence of post-TAVR ischemic stroke is closely asso-
ciated not only with surgical factors but also with patient and
disease-related factors [10]. A multicenter real-world study
indicated that most predictive factors for stroke at 30 days and
6 months post-TAVR are patient-related, including pre-existing
neurological dysfunction, diabetes, left ventricular dysfunction,
and anatomical characteristics such as bicuspid valve anatomy
[11]. However, given the intricate interplay between patient
characteristics and surgical factors, further clinical practice and
data analysis are required to explore the predictive factors for
post-TAVR stroke.

Malnutrition is a common risk factor among stroke patients and
is frequently observed in individuals undergoing TAVR [5, 12].
Malnourished patients undergoing TAVR exhibit significantly
higher mortality rates, prolonged hospital stays, and increased
incidence of acute renal injury, as well as elevated rates of
pulmonary, cardiovascular, and infectious complications. Fur-
thermore, malnutrition is associated with a greater likelihood of
readmission within 30 to 90 days and incurs an average additional
cost of $123,555 for inpatient care [13]. Given the predictive value

of malnutrition for adverse outcomes following TAVR, we
hypothesize that preoperative malnutrition may be associated
with an increased risk of ischemic stroke after TAVR. However,
detailed research on the relationship between malnutrition post-
TAVR and ischemic stroke is currently limited. Therefore, this
study aims to comprehensively analyze the detailed relationship
between perioperative malnutrition in TAVR patients and the risk
of ischemic stroke using data from a national inpatient sample
(NIS) database.

2 | Materials and Methods

2.1 | Data

This study used the National Inpatient Sample (NIS) Healthcare
Cost and Utilization Project (HCUP) database, which is funded
by the Agency for Healthcare Research and Quality (AHRQ).
The NIS database is an extensive compilation of data from many
payers, including almost 20% of discharges from community
hospitals in the United States [14]. This database, known as the
largest publicly accessible all-payer inpatient database, was es-
tablished as part of the Healthcare Cost and Utilization Project.
The HCUP data is accessible to the public and has been stripped
of any identifying information. It has been verified by AHRQ
that it is not required to get Institutional Review Board
permission.

2.2 | Patient Selection

We conducted a retrospective query of the database spanning
from 2012 to 2021. The International Classification of Diseases
Ninth Revision and Tenth Revision Clinical Modification (ICD-
9-CM, ICD-10-CM) procedure codes 35.05, 35.06, 02RF3JZ,
02RF3KZ, 02RF38Z, 02RF37Z, 02RF37H, 02RF38H, 02RF3JH,
02RF3KH, and 02RF4X were used to identify TAVR admissions
(Table S1). Exclusion criteria were applied as follows:

Patients aged < 18 years (n=91);

Patients with preoperative stroke history (defined by
ICD-9/10 codes Z86.73, 169, 438 and V12.54 in prior
admissions; n =12,256);

Patients with concurrent ischemic and hemorrhagic
stroke (n=73);

Patients missing critical variables (age, gender, race,
ischemic stroke diagnosis codes, or malnutrition-related
codes) were excluded (n = 11,893). Noncritical variables
(e.g., length of stay) with missing data were retained if
other essential variables were complete.

According to the Healthcare Cost and Utilization Project, mal-
nutrition encompasses several conditions such as protein-calorie
malnutrition, cachexia, nutritional neglect, weight loss due to
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failure to flourish, underweight, and postsurgical nonabsorption
[15]. Patients who satisfied at least one of these criteria were
deemed malnourished. Corresponding ICD-9/10 codes are listed
in Table S1. The malnourished group was then categorized into
two subgroups depending on their use of cerebral embolic pro-
tection devices (CEP group vs. non-CEP group).

Demographic variables obtained included age, gender, race,
length of stay (LOS), and hospital region distribution at
admission. The primary outcomes of the study included ische-
mic stroke diagnosed using ICD-9 and ICD-10-CM diagnostic
codes, listed in Table S1. Additionally, we identified complica-
tions before the primary analysis using ICD-9 and ICD-10-CM
codes, including Peripheral Vascular Disease, Hypertension,
Diabetes, Obesity, Smoking, Dyslipidemia, Coagulopathy, En-
docarditis, Liver Disease, Renal Failure, Fluid And Electrolyte
Disorders, Chronic Ischemic Heart Disease, Congestive Heart
Failure, Obstructive Sleep Apnea, Atrial Fibrillation, and
Chronic Pulmonary Disease. To ensure accuracy, two inde-
pendent researchers performed data extraction and classifica-
tion of ICD codes. Discrepancies (e.g., conflicting stroke subtype
assignments) were resolved through arbitration by a third sen-
ior investigator.

2.3 | Data Analysis

For weighted data, categorical variables were reported as
weighted percentages, and continuous variables as weighted
means with corresponding confidence intervals (CIs). For
unweighted and propensity score-matched data, categorical
variables were presented as frequencies and percentages, while
continuous variables were expressed as mean + standard devi-
ation (SD). The x* test was used to compare the categorical data,
while linear regression was used for the continuous variables.
Malnutrition status was used to characterize the research pop-
ulation's baseline characteristics. Temporal trends in ischemic
stroke and malnutrition incidence rates among TAVR patients
were analyzed using smooth curve fitting, comparing the
annual ischemic stroke incidence rates between malnourished
and non-malnourished patients. Multiple regression analysis
was conducted in three models. Variables were adjusted if they
exhibited a significant correlation with clinical outcomes
(p <0.1) or if their inclusion altered the regression coefficient
by >10% [16], a threshold that inherently excludes collinear
variables due to their disproportionate impact on model sta-
bility (Table S2). Additionally, based on the utilization of
cerebral embolic protection devices, we further examined the
influence of malnutrition on perioperative ischemic stroke after
TAVR. All the analyses mentioned above were conducted using
weighted samples for national estimates, in conjunction with
the Healthcare Cost and Utilization Project regulations for
utilizing the NIS database [17].

2.4 | Sensitivity Analysis

We conducted the sensitivity analysis below to ensure the data
analysis was robust: First, a stratified analysis was performed
based on demographic characteristics and comorbidities to

validate the stability and consistency of the primary outcomes
across different subgroups. Additionally, interaction -effect
testing was conducted to assess the heterogeneity of outcomes
across subgroups and validate the consistency of our findings. To
further minimize the influence of baseline factors, we applied the
propensity score matching (PSM) technique [18, 19]. Confound-
ing variables with significant effects on the outcome were
systematically identified through a combination of literature
review and stepwise logistic regression analysis, ultimately
resulting in a set of matching variables that included age, sex,
race, and 14 comorbid conditions (Table S3). These comorbidities
encompassed Peripheral Vascular Disease, Hypertension, Diabe-
tes, Obesity, Smoking, Dyslipidemia, Coagulopathy, Renal
Failure, Fluid and Electrolyte Disorders, Chronic Ischemic Heart
Disease, Congestive Heart Failure, Obstructive Sleep Apnea,
Atrial Fibrillation, and Chronic Pulmonary Disease. The pro-
pensity scores were matched using the 1:2 closest neighbor
matching approach, with a maximum caliper width set to 0.01
times the standard deviation of the propensity scores [20]. Stan-
dardized mean differences were calculated to evaluate the balance
of factors before and after the matching process, after the end of
propensity score matching (PSM). An absolute value of less than
0.1 indicates effective management of confounding factors and
acceptable balance [21]. The statistical analyses were performed
using the R software program (http://www.R-project.org, The R
Foundation) and EmpowerStats (http://www.empowerstats.com,
X&Y Solutions Inc., Boston, MA). A bilateral significance level of
0.05 was used to determine whether the results were statistically
significant.

3 | Results

3.1 | Patient Characteristics

Of 463,175 TAVR admissions, 364,580 met inclusion criteria
(10,415 malnourished; 354,165 non-malnourished) (Figure 1).
Malnourished patients were older and more often male and
White. They had a significantly higher rate of non-elective ad-
missions (40.28% vs. 15.01%, p <0.001), along with increased
prevalence of key comorbidities such as peripheral vascular
disease, coagulopathy, renal failure, fluid and electrolyte dis-
orders, heart failure, atrial fibrillation, and chronic pulmonary
disease (Table 1).

3.2 | Temporal Trend

During the study period, the annual incidence of perioperative
ischemic stroke among patients undergoing TAVR experienced
a continuous decline, reaching its lowest point by 2021. Con-
currently, the prevalence of malnutrition demonstrated a yearly
decrease (Figure 2). However, malnourished TAVR patients
showed an initial decline followed by an increase in the inci-
dence of ischemic stroke over time, whereas non-malnourished
TAVR patients demonstrated a sustained decline. Over the
whole length of the study, the occurrence of ischemic stroke
continually remained greater in the group of individuals who
were malnourished compared to the group of individuals who
were not malnourished (Figure 3).
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FIGURE1 | Consort diagram for patient selection.

3.3 | Hospitalization Outcome

Malnourished patients experienced a higher incidence of
perioperative ischemic stroke (11.47% vs. 7.25%; p < 0.001). In
unadjusted analysis, malnutrition was associated with
increased stroke risk (OR: 1.62; 95% CI 1.41-1.86; p < 0.001),
and this association persisted after multivariable adjustment
(adjusted OR: 1.51; 95% CI 1.31-1.74; p <0.001) (Table 2,
Central Illustration 1). When stratified by CEP use, mal-
nourished patients without CEP had a significantly elevated
risk (OR: 1.70; 95% CI 1.45-2.00; p <0.001), whereas those
with CEP showed no significant difference (OR: 1.06; 95% CI
0.45-2.52; p=10.892) (Table 3). Additionally, temporal trend
analysis in malnourished patients revealed no significant
difference in annual ischemic stroke incidence between CEP
and non-CEP users (p = 0.439) (Figure 4). However, subgroup
analyses highlighted the context-dependent protective effects
of CEP devices. Notably, the most pronounced benefits
were observed in malnourished patients without specific co-
morbidities: CEP use was associated with substantially
reduced stroke risk in those without diabetes (OR: 0.11; 95%
CIL: 0.01-0.78; P_interaction = 0.002), renal failure (OR: 0.23;
95% CI: 0.06-0.95; P_interaction = 0.049), or chronic pulmo-
nary disease (OR: 0.19; 95% CI: 0.05-0.77; P_interaction =
0.004) (Table S4). These findings suggest that CEP devices
may mitigate stroke risk more effectively in malnourished
TAVR patients lacking complex metabolic or systemic
comorbidities, potentially due to fewer competing pathophy-
siological pathways.

3.4 | Sensitivity Analysis

Stratified analyses based on demographic characteristics and
comorbidities showed that the effect of malnutrition on the
incidence of ischemic stroke during perioperative TAVR was
consistent across subgroups stratified by age (<70 and > 70),
gender, diabetes, smoking, dyslipidemia, coagulopathy, and
congestive heart failure (Table 4). However, further analysis
highlighted significant heterogeneity in the magnitude of mal-
nutrition's effects, which were influenced by gender and
comorbid conditions. Notably, female patients exhibited a
substantially elevated risk of ischemic stroke compared to males
(OR: 2.03, 95% CI: 1.69-2.44 vs. OR: 1.29, 95% CI: 1.05-1.58;
P_interaction = 0.001), suggesting potential sex-specific vul-
nerabilities linked to hormonal or metabolic disparities. Addi-
tionally, malnutrition synergized with coagulopathy to amplify
stroke risk (OR: 2.60, 95% CI: 2.06-3.27; P_interaction < 0.001),
highlighting hemostatic dysregulation as a critical pathway in
mediating this association. While initial unadjusted interaction
tests suggested a higher stroke risk in malnourished patients
without dyslipidemia, this finding was contrary to prior study
[22]. However, multivariable adjustment revealed alignment
with established evidence, confirming that comorbid dyslipi-
demia significantly heightened stroke risk (adjusted OR: 3.17,
95% CI: 2.39-4.20; P_interaction < 0.001, Table S5). Collectively,
these findings underscore the importance of integrating gender,
coagulation status, and dyslipidemia into preoperative risk
stratification to optimize stroke prevention strategies in mal-
nourished TAVR patients.
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g 222 X2 28 T % & revealed a higher all-cause mortality rate among malnourished
> = . . .
Zlo © = 0 Q gg % §§ patients undergoing TAVR compared to non-malnourished
22 & Y2 patients [25]. Additionally, an analysis of the 2011-2016
Pt 9] =
° ZE S fn"g National Readmissions Database identified an independent
§ ot ; g Sz association between malnutrition and elevated mortality risks,
< < .s . . . . . .

;g % gfn > }Q% neurological complications, readmissions, and increased
~ < 8 3 S|2E 2 s~ resource utilization among recipients of TAVR [13]. Notably,
2 < B o oS 22 5§ . 9% . . . . . .

g 2 =2 & > EE fd%s this analysis did not specifically examine the independent
=i . . . oy .
= Q ; & o g % o E%ﬁ §=O relationship between preoperative malnutrition in TAVR pa-
=} = 7] . . . . . .
S % 3 2 -% g 5] i §§ g2 tients and perioperative stroke, particularly ischemic stroke.
~ > (S} . . . . :

§ ﬁ 0 % E 3] ‘é o ‘E%% g Given that ischemic strokes are predominant in post-TAVR
. ; % § £ 5 é % ’i g % %"«2 cases [26], our study provides compelling evidence on the
K g é.’,) 5 =3 § § Sg 2933 association between preoperative malnutrition and ischemic

= 7] = = = g = ‘(7; = R
m = o JOD g S 285 g 822 stroke after TAVR, utilizing recent data that reflects current
< O 0O O |23 20 < R 2 .. . .
= <& B EPS clinical practices and technological advancements.
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Several mechanisms might explain the relationship between
malnutrition and perioperative ischemic stroke in TAVR pa-
tients. Firstly, malnutrition alters blood composition by
increasing red cell mass and impairing platelet function, which
elevates blood viscosity and thrombosis risk [27]. Vitamin K
deficiency further disrupts hemostasis by impairing v-
carboxylation of both procoagulant factors (II, VII, IX, X) and
anticoagulant proteins (C, S), creating a thrombogenic
imbalance [28, 29]. The resultant imbalance between procoa-
gulant and anticoagulant pathways not only elevates bleeding
risk but also paradoxically promotes thrombosis due to
impaired regulation of thrombin generation [30]. Our finding of
a higher prevalence of coagulopathy in malnourished patients
(OR: 2.60; p < 0.001) underscores the critical role of nutritional
status in maintaining hemostatic equilibrium. Secondly,

malnutrition induces a pro-inflammatory state—elevated IL-6,
TNF-a, and CRP [31] —that impairs endothelial function by
reducing nitric oxide bioavailability, increasing oxidative stress,
and vascular permeability [32], and accelerates atherosclerosis
via macrophage activation and foam cell formation [33]. Our
findings of higher peripheral vascular disease (25.88% vs.
21.65%) and chronic pulmonary disease (33.22% vs. 26.39%)
rates in malnourished patients align with this pathway, as both
conditions are driven by systemic inflammation and endothelial
dysfunction. Inflammation-driven endothelial dysfunction,
combined with deficiencies in vascular-protective nutrients
(e.g., vitamin D, B12, folate), likely accelerates vascular stiff-
ening and plaque instability, further elevating stroke risk [34],
which is consistent with previous findings on the prognostic
value of immunonutritional status in cardiovascular disease
[35]. Thirdly, malnutrition disrupts metabolic homeostasis,
causing electrolyte imbalances (e.g., hypokalemia) and renal
dysfunction. Hypokalemia increases arrhythmia susceptibility
[36], which may explain the higher incidence of atrial fibrilla-
tion (51.08% vs. 37.47%) and heart failure (78.59% vs. 68.83%) in
malnourished patients [37, 38]. Such arrhythmias and hemo-
dynamic instability directly predispose to cerebral hypoperfu-
sion and embolic event [39]. Fourthly, we observed significant
heterogeneity across patient subgroups (Table 4). Female pa-
tients faced nearly double the risk of males, potentially driven
by postmenopausal estrogen decline, which exacerbates meta-
bolic inflexibility and inflammation [40], or sociocultural factors
influencing nutritional access and dietary patterns. Despite
higher absolute risk in the elderly (>70 years: OR =1.63 vs.
<70 years: OR=1.59), the lack of significant interaction
(P_interaction = 0.908) underscores that malnutrition elevates
stroke risk universally across age groups, advocating for routine
nutritional screening in all TAVR candidates. Emerging evi-
dence implicates gut dysbiosis in malnutrition-related stroke
risk. Reduced fiber intake lowers short-chain fatty acid (SCFA)
production (e.g., butyrate), exacerbating systemic inflammation,
while elevated trimethylamine N-oxide (TMAO) promotes
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TABLE 2 | Multivariable regression equations for ischemic stroke and overall stroke before and after propensity score matching.(“‘d)

After PS matching

Before PS matching

Non-adjusted

Adjust I Adjust II

Non-adjusted

Exposure

Ischemic Stroke

309 (7.79%)

25,677 (7.25%)
1195 (11.47%)

Non-malnutrition

192 (9.68%) 1.26 (1.04, 1.51) 0.016*

1.55 (1.35, 1.78) < 0.001*** 1.51 (1.31, 1.74) < 0.001***

1.62 (1.41, 1.86) < 0.001***

Malnutrition

Overall Stroke

313 (7.89%)

25,819 (7.29%)
1205 (11.57%)

Non-malnutrition

194 (9.78%) 1.25 (1.04, 1.51) 0.016*

1.55 (1.35, 1.78) < 0.001*** 1.51 (1.31, 1.73) < 0.001***

1.62 (1.42, 1.86) < 0.001***

Malnutrition

Abbreviations: CI, confidence interval; OR, odds ratio; PSM, propensity score matching.

2Y: Ischemic Stroke; Overall Stroke. X: Malnutrition. Outcome Definitions: Overall Stroke: All stroke types (ischemic, hemorrhagic, and unspecified).

®0dds ratios (OR) and 95% confidence intervals (CI) from logistic regression models. Non-adjusted models include only malnutrition status. Adjust I models additionally adjust for age (continuous, years), sex (reference = male), race

(reference = White), admission type (reference = elective), and hospital region.(reference = New England). Adjust IT models further adjust for comorbidities selected by literature review and stepwise logistic regression (variables with
p <0.1 in univariate analysis or altering the malnutrition coefficient by >10%): peripheral vascular disease, hypertension, diabetes, obesity, smoking, dyslipidemia, coagulopathy, renal failure, fluid and electrolyte disorders, chronic

ischemic heart disease, congestive heart failure, obstructive sleep apnea, atrial fibrillation, and chronic pulmonary disease.

“Propensity scores were estimated via logistic regression on the above covariates; 1:2 nearest-neighbor matching without replacement, caliper = 0.01 SD. Balance was assessed by standardized mean differences (ISMDI < 0.1 indicating

acceptable balance).

dStatistical significance markers: *p < 0.05; **p < 0.01; ***p < 0.001.

atherosclerosis [41]. Although our study did not assess gut
microbiota or metabolites, this pathway provides a novel
direction for future research linking nutrition, microbial ecol-
ogy, and cerebrovascular health. Finally, malnutrition com-
promises immunity, increasing infection risk—a known driver
of thromboembolism via inflammation-induced hypercoagul-
ability [42]. This pathway may further explain the elevated
stroke risk in malnourished patients, particularly those with
chronic comorbidities. While our analysis adjusted for multiple
clinical confounders, residual bias from unmeasured variables
(e.g., dietary patterns, substance use, or socioeconomic status)
may persist. For example, malnourished patients with limited
access to nutrient-rich diets or preventive care may simulta-
neously experience compounded vascular risks [43]. Previous
studies have reported symptomatic new-onset stroke rates of
2%-5% after TAVR. In contrast, our ICD-based analysis iden-
tified a higher overall incidence of 7.41%, likely reflecting
broader capture of mild or asymptomatic events in adminis-
trative data and improved detection over time through advances
in neuroimaging and heightened clinical awareness. Despite
this elevated baseline, we observed a steady annual decline in
stroke rates, which corresponds to ongoing refinements in
TAVR device design, growing operator expertise, and enhanced
perioperative management. Concurrently, the proportion of
malnourished patients decreased, suggesting that preoperative
nutritional screening and multidisciplinary care pathways may
already have an impact.

When stratified by nutritional status, however, divergent pat-
terns became evident. Non-malnourished patients experienced
a continuous decrease in stroke incidence throughout the study
period, whereas malnourished patients experienced an initial
reduction followed by a gradual increase. At every time point,
the malnourished cohort had a higher incidence than their non-
malnourished counterparts. These persistent disparities suggest
that malnutrition may attenuate the benefits of evolving TAVR
practice and underscore the continued importance of nutri-
tional status in perioperative ischemic stroke risk. Therefore,
our findings highlight the urgent need for targeted nutritional
interventions, such as preoperative supplementation and post-
operative dietitian-led protocols, to improve outcomes in this
vulnerable population.

Building on the findings above, our CEP-stratified analysis
demonstrated that malnutrition significantly increased the risk
of perioperative ischemic stroke in patients without CEP
devices, whereas no significant effect was observed in those
receiving CEP. Among malnourished patients, temporal trends
in stroke incidence from 2017 to 2021 did not differ significantly
between CEP and non-CEP groups, a finding that is consistent
with previous randomized controlled trials involving 3000
subjects [44]. Interestingly, our stratified analysis revealed that
for malnourished TAVR patients, cerebral embolic protection
devices may confer protective benefit in subgroups without
comorbid diabetes, renal failure, or chronic pulmonary diseases.
The nonsignificant overall trend (Figure 4) contrasts with
marked CEP benefits in comorbidity-free subgroups (Table S4).
This discrepancy suggests that complex comorbidities (e.g.,
diabetes-related endothelial damage) may attenuate CEP effi-
cacy, whereas simpler pathophysiology allows embolus inter-
ception. Such heterogeneity underscores the need for
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TAVR
n=74,662

The decade trend in ischemic stroke incidence
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malnutrition
n=1,984

malnutrition
n=2,144

non-malnutrition
n=72,518

non-malnutrition
n=3,968

Risk of Ischemis Stroke after TAVR with Malnutrition vs Non-malnutrition

Before PSM OR 95%Cl

Non-adjusted —— 1.62  (1.41,1.86)

Adjust | . 1.55 (1.35,1.78)

Adjust I —— 151  (1.31,1.74)

After PSM

Non-adjusted —— 1.26  (1.04, 1.51)
1 15 2

Conclusion: Malnutrition is associated with an elevated risk of Ischemic Stroke following TAVR

TAVR = Transcatheter Aortic Valve Replacement; PSM = Propensity Score Matching

CENTRAL ILLUSTRATION 1 |

TABLE 3 |
reference to individuals with normal nutrition).®

The Impact of Malnutrition on perioperative Ischemic Stroke in TAVR: A National Inpatient Sample Analysis.

Multifactorial analysis shows the impact of malnutrition on ischemic stroke after using or not using cerebral protection devices (with

Exposure N Adjusted odds ratio [95% CI] p Value

Malnutrition

Non-CEP group 20,697/282,360 1.70 (1.45, 2.00) < 0.001%**
7.33%

CEP group 1196/23,080 1.06 (0.45, 2.52) 0.892
5.18%

Abbreviations: OR, Odds ratio; CI, Confidence interval; CEP, Cerebral embolic protection; TAVR, Transcatheter aortic valve replacement.

“Statistical Analysis: Adjusted odds ratios (OR) and 95% confidence intervals (CI) from multivariable logistic regression. Adjusted covariates: Age, sex, race, admission
type, hospital region, and comorbidities (peripheral vascular disease, hypertension, diabetes, obesity, smoking, dyslipidemia, coagulopathy, renal failure, fluid/electrolyte
disorders, chronic ischemic heart disease, congestive heart failure, obstructive sleep apnea, atrial fibrillation, chronic pulmonary disease).

®Key Definitions: Non-CEP group: Patients without cerebral embolic protection devices during TAVR. CEP group: Patients with cerebral embolic protection devices

during TAVR.
“Statistical significance markers: *p < 0.05; **p < 0.01; ***p < 0.001.

personalized device selection. However, these findings did not
account for other potential influencing factors in patients, such
as the degree of vascular calcification, valve type, and surgical
approach. Future studies should further explore the impact of
these factors on the effectiveness of cerebral protection devices
to offer more comprehensive guidance for clinical practice.

In summary, our findings highlight the marked effect of mal-
nutrition on perioperative ischemic stroke risk in TAVR pa-
tients and underscore the need for comprehensive nutritional
strategies. To translate these findings into practice, we propose
a three-phase clinical pathway: First, preoperative assessment

should integrate a rapid screening tool (e.g., Mini Nutritional
Assessment-Short Form or CONUT score) with key laboratory
markers (serum albumin and lymphocyte count) to stratify
nutritional risk; patients with moderate to severe malnutrition
should receive individualized optimization—from oral or ent-
eral supplementation to brief procedural delay for parenteral
nutrition. Second, intraoperative management should focus on
maintaining hemodynamic and metabolic stability—avoiding
prolonged hypotension or hypothermia—to minimize catabolic
stress. Third, postoperative care should follow dietitian-led
protocols with defined caloric (25-30 kcal/kg/day) and protein
(1.2-1.5 g/kg/day) targets, adding immunonutrition for patients
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with marked inflammatory responses. A core multidisciplinary
team—including cardiologists, dietitians, and rehabilitation
specialists—should oversee individualized plans and ensure
seamless transition to outpatient follow-up.

Future research should prioritize validating nutritional inter-
ventions through randomized controlled trials to assess the
efficacy of preoperative strategies such as protein supplemen-
tation and micronutrient repletion in reducing stroke risk.
Mechanistic studies integrating biomarkers (e.g., homocysteine
for folate deficiency, inflammatory cytokines) are essential to
elucidate the pathways linking malnutrition to cerebrovascular
injury. Furthermore, incorporating socioeconomic indices (e.g.,
income, education) and granular lifestyle data—such as dietary
patterns, physical activity, and substance use—could dis-
entangle the complex interplay between malnutrition, health-
care disparities, and vascular risk. Finally, prospective cohorts
with extended follow-up are needed to evaluate the long-term
impact of malnutrition on post-TAVR recovery, cardiovascular
outcomes, and healthcare utilization. Refining these approaches
aims to enhance surgical outcomes and improve long-term
cardiovascular health for TAVR patients.

4.1 | Strengths

Our study offers several strengths in investigating the rela-
tionship between malnutrition and perioperative ischemic
stroke in TAVR patients. To our knowledge, this is the first
study to examine in detail the relationship between mal-
nutrition and perioperative ischemic stroke in TAVR patients.
Additionally, based on this foundational analysis, we further
elucidated the impact of Cerebral Embolic Protection devices on
the incidence of ischemic stroke in this specific malnourished
patient population. Our study employed a comprehensive
diagnostic definition of malnutrition [15], which accelerates the
research process, minimizes subjective biases, and facilitates
effective preoperative risk stratification for identifying high-risk
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Time trends of ischemic stroke occurrence in malnourished populations (CEP group vs. Non-CEP group).

patients, potentially reducing postoperative risks [13]. Fur-
thermore, we accurately reflect current clinical practices by
utilizing a larger sample size and contemporary data from a
national inpatient database. This enables us to provide com-
prehensive regional and national assessments of patient out-
comes and healthcare utilization, offering valuable insights for
improving patient care on a broader scale.

4.2 | Limitations

However, our study has several limitations. First, as a retro-
spective observational study using administrative claims data, it
is subject to inherent selection biases. Specifically, the exclusion
of patients with missing critical variables (n = 11,893) may have
systematically underrepresented populations with fragmented
healthcare access (e.g., marginalized or socioeconomically dis-
advantaged groups), potentially skewing the cohort toward in-
dividuals with more complete medical records. Second, the
diagnosis of malnutrition relied solely on ICD codes, which lack
clinical granularity (e.g., serum albumin levels or body com-
position metrics). This may lead to misclassification bias, as
mild or subclinical malnutrition cases could be overlooked,
while severe cases might be overrepresented. Third, the NIS
database captures only hospitalized patients in the United
States, limiting generalizability to outpatient or international
TAVR populations. Fourth, despite adjusting for common risk
factors via propensity score matching, the data set does not
capture detailed lifestyle factors (e.g., alcohol consumption,
dietary habits, physical activity), overall physical status, or
preoperative nutritional interventions—variables that might
independently influence both malnutrition and stroke risk [45,
46]. Fifth, the absence of long-term follow-up data restricts our
analysis of perioperative outcomes, leaving the sustained impact
of malnutrition on post-TAVR recovery unexplored. Despite
these limitations, our use of propensity score matching and
sensitivity analyses aimed to mitigate measurable biases. The
large sample size and standardized data collection across US
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TABLE 4 | Stratified analysis and interaction tests of malnutrition on ischemic stroke risk in patients undergoing TAVR.®™©

Ischemic stroke (OR,

Stratification variable Subgroup N 95% CI) p value P interaction
Age <170 13,615 1.59 (1.12, 2.27) <0.010** 0.908
270 61,047 1.63 (1.40, 1.89) < 0.001%***
Gender Male 42,099 1.29 (1.05, 1.58) 0.015* 0.001%**
Female 32,563 2.03 (1.69, 2.44) < 0.001%***
Race White 65,624 1.64 (1.42, 1.90) < 0.001%*** 0.708
Black 2928 1.89 (1.02, 3.50) 0.044*
Other 6110 1.37 (0.82, 2.27) 0.226
Selective admission No 11,826 1.19 (0.94, 1.51) 0.154 0.002**
Yes 62,836 1.87 (1.58, 2.21) < 0.001%***
Hospital distribution New England 8294 4.09 (3.04, 5.49) < 0.001%** < 0.001%**
Middle Atlantic 12,929 1.24 (0.87, 1.77) 0.239
East North Central 11,785 1.23 (0.85, 1.78) 0.281
West North 5464 1.52 (0.95, 2.42) 0.079
Central
South Atlantic 14,735 1.62 (1.15, 2.27) 0.006**
East South Central 4319 1.67 (0.86, 3.25) 0.132
West South 5949 1.01 (0.64, 1.58) 0.978
Central
Mountain 3794 1.18 (0.51, 2.72) 0.700
Pacific 7393 1.34 (0.80, 2.26) 0.266
Peripheral vascular disease No 58,334 1.81 (1.53, 2.13) < 0.001*** 0.006**
Yes 16,328 1.20 (0.94, 1.53) 0.143
Hypertension No 11,155 1.27 (0.90, 1.79) 0.167 0.096
Yes 63,507 1.73 (1.49, 2.01) < 0.001%***
Diabetes No 47,658 1.70 (1.45, 1.99) < 0.001%*** 0.209
Yes 27,004 1.39 (1.05, 1.83) 0.020*
Obesity No 58,386 1.58 (1.37, 1.82) < 0.001%*** 0.982
Yes 16,276 1.57 (0.93, 2.64) 0.089
Smoking No 45,490 1.78 (1.51, 2.10) < 0.001%*** 0.063
Yes 29,172 1.35 (1.05, 1.72) 0.017*
Dyslipidemia No 20,360 2.77 (2.27, 3.39) < 0.001%*** < 0.001%**
Yes 54,302 1.27 (1.05, 1.54) 0.014*
Coagulopathy No 64,232 1.28 (1.08, 1.52) 0.005** < 0.001%**
Yes 10,430 2.60 (2.06, 3.27) < 0.001%***
Endocarditis No 74,227 1.61 (1.40, 1.85) < 0.001%*** 0.720
Yes 435 1.40 (0.66, 2.95) 0.378
Liver disease No 71,941 1.66 (1.44, 1.90) < 0.001%*** 0.202
Yes 2721 1.02 (0.47, 2.22) 0.965
Renal failure No 51,449 2.05 (1.73, 2.42) < 0.001%*** < 0.001***
Yes 23,213 1.07 (0.85, 1.36) 0.570
Fluid and electrolyte No 62,802 1.84 (1.56, 2.17) < 0.001*** < 0.001%**
disorders
Yes 11,860 1.12 (0.87, 1.44) 0.366
(Continues)
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TABLE 4 | (Continued)

Ischemic stroke (OR,

Stratification variable Subgroup N 95% CI) p value P interaction

Chronic ischemic heart No 24,503 3.38 (2.73, 4.19) < 0.001*** < 0.001%**

disease
Yes 50,159 1.15 (0.96, 1.38) 0.126

Congestive heart failure No 22,982 1.47 (1.08, 2.00) 0.015* 0.493
Yes 51,680 1.65 (1.42, 1.92) < 0.001%***

Obstructive sleep apnea No 63,951 1.63 (1.42, 1.88) < 0.001%** 0.506
Yes 10,711 1.34 (0.75, 2.38) 0.319

Atrial fibrillation No 46,277 1.14 (0.92, 1.42) 0.240 < 0.001%**
Yes 28,385 2.20 (1.84, 2.63) < 0.001%***

Chronic pulmonary disease No 54,496 1.87 (1.59, 2.20) < 0.001*** 0.002%*
Yes 20,166 1.16 (0.89, 1.50) 0.270

Abbreviations: CI, confidence interval; OR, odds ratio.

#Statistical Analysis: Odds ratios (OR) and 95% confidence intervals (CI) from logistic regression models. Interaction tests (P interaction < 0.05 indicates significant
heterogeneity) were performed via likelihood ratio tests comparing models with and without interaction terms.

PStatistical significance markers: *p < 0.05; **p < 0.01; ***p < 0.001.

“Subgroup definitions: “Other” race: Nonwhite/nonblack; “Selective Admission”: Elective admission (planned, nonurgent) vs. nonselective admission (emergency/

urgent).

hospitals strengthen the validity of the observed association.
Future prospective studies should incorporate objective nutri-
tional assessments (e.g., Mini Nutritional Assessment) and
long-term follow-up to validate these findings and explore
causal mechanisms.

5 | Conclusion

Our research thoroughly investigates the influence of mal-
nutrition on perioperative ischemic stroke in individuals who
are receiving TAVR. The results emphasize that malnutrition is
common among patients undergoing transcatheter aortic valve
replacement (TAVR) and greatly increases the likelihood of
perioperative ischemic stroke. Importantly, this heightened risk
is present independent of cerebral protective devices, indicating
that patients’ nutritional condition plays a crucial role in their
outcomes, which cannot be fully improved by procedural ad-
vancements alone. Further research is warranted to explore
targeted nutritional interventions that may help reduce the
incidence of ischemic stroke in this high-risk population.
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