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Abstract: Background/Objectives: Nutritional status significantly influences cardiac surgery out-
comes, with malnutrition contributing to poorer results and increased complications. This study
addresses the critical gap in understanding by exploring the relationship between pre-operative nu-
tritional status and post-operative cognitive dysfunction (POCD) in adult cardiac patients. Methods:
A comprehensive search across key databases investigates the prevalence of malnutrition in pre-
operative cardiac surgery patients, its effects, and its association with POCD. Factors exacerbating
malnutrition, such as chronic illnesses and reduced functionality, are considered. The study also
examines the incidence of POCD, its primary association with CABG procedures, and the impact of
malnutrition on complications like inflammation, pulmonary and cardiac failure, and renal injury.
Discussions: Findings reveal that 46.4% of pre-operative cardiac surgery patients experience malnu-
trition, linked to chronic illnesses and reduced functionality. Malnutrition significantly contributes
to inflammation and complications, including POCD, with an incidence ranging from 15 to 50%.
CABG procedures are particularly associated with POCD, and malnutrition prolongs intensive care
stays while increasing vulnerability to surgical stress. Conclusions: The review underscores the
crucial role of nutrition in recovery and advocates for a universally recognized nutrition assessment
tool tailored to diverse cardiac surgery patients. Emphasizing pre-operative enhanced nutrition as a
potential strategy to mitigate inflammation and improve cognitive function, the review highlights
the need for integrating nutrition screening into clinical practice to optimize outcomes for high-risk
cardiac surgery patients. However, to date, most data came from observational studies; hence, there
is a need for future interventional studies to test the hypothesis that pre-operative enhanced nutrition
can mitigate inflammation and improve cognitive function in this patient population.

Keywords: malnutrition; cardiac surgery; pre-operative nutrition; post-operative cognitive dysfunction
(POCD); inflammation

1. Introduction

Nutritional status is significantly important in cardiac surgery in view of patients
with (or at risk of) malnutrition suffering worse post-operative outcomes [1]. Malnutrition
is related to a poor surgical outcome and to a higher prevalence of comorbidities and
mortality, as a result of which the healing time is prolonged and the cost increases [2,3].
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Additionally, malnutrition is an important factor that negatively affects mental and physical
functions [4]. Coronary artery bypass grafting (CABG) surgical procedure is a major stress
factor that can activate several inflammatory and catabolic pathways in patients. Conse-
quently, post-operative cognitive decline (POCD), delirium, and dementia are commonly
diagnosed among cardiac surgery patients. Nutritional status has been found to be one
of the risk factors for the mentioned post-operative complications [5,6]. It is believed that
an appropriate nutritional status allows the body to react appropriately to this stressor
and recover faster and more efficiently. Lopez-Delgado et al. (2013) highlight strategies
in prehabilitation programs that align with Enhanced Recovery After Surgery (ERAS)
principles to optimize patients pre-surgery. These programs focus on nutritional support,
physical activity, and metabolic enhancement using dietary modifications and supplements
rich in antioxidants and omega-3 polyunsaturated fatty acids. Evidence indicates that
these interventions improve metabolic parameters and reduce post-operative complica-
tions, such as atrial fibrillation, leading to shorter hospital stays. Additionally, promoting
healthy dietary habits and providing nutritional counseling before cardiac surgery can
reduce cardio-metabolic risk factors, optimizing patient readiness and enhancing surgical
outcomes [1].

Moreover, sarcopenia and frailty, compounded by malnutrition, significantly impair
cognitive outcomes in post-heart surgery patients. These conditions collectively diminish
physical resilience and metabolic function critical for cognitive recovery. We focused on
nutritional status due to its direct impact on post-operative recovery in cardiac surgery
patients. Malnutrition affects vital processes like wound healing and immunity, crucial
for recovery after surgery. Sarcopenia, marked by muscle loss and decreased strength,
correlates with post-surgery cognitive decline [7]. Frailty, reflecting reduced physiological
reserves and heightened vulnerability to stressors, exacerbates cognitive impairment in
these patients [8]. The interrelated nature of these conditions highlights the necessity of
cohesive nutritional interventions and comprehensive management strategies to enhance
cognitive outcomes and overall recovery in this patient population.

Managing POCD involves a multifaceted approach that includes both preventive and
therapeutic strategies. Pre-operative assessments should identify at-risk patients, with early
interventions ensuring adequate caloric and protein intake. Specialized supplements like
antioxidants and omega-3 fatty acids can help manage inflammation from cardiopulmonary
bypass (CPB) [9]. Intraoperatively, minimizing surgical stress through advanced techniques
and careful anesthesia management can also reduce the likelihood of cognitive decline. Post-
operatively, early mobilization, cognitive therapy, and continued nutritional support are
essential in managing POCD [10]. Additionally, close monitoring and early identification
of cognitive impairments allow for timely interventions, improving overall recovery and
reducing the long-term impact of POCD.

However, explanations related to the effect of poor nutritional status pre-operatively
on the incidence of POCD, specifically after cardiac surgery, are still lacking. Therefore, this
paper aims to review the current incidence of malnutrition among cardiac surgery patients
and explore in depth the relationship between nutritional status pre-operatively and the
incidence of POCD among this population.

2. Methods

A literature search was conducted using six databases, namely PubMed, Elsevier,
ScienceDirect, Google Scholar, SpringerLink, and ClinicalKey. Publications in the English
language were used for this review. The terms used to search the related articles were
“malnutrition”, “post-operative cognitive decline”, “cardiac surgery”, “nutritional status”,
“hospitalized patient”, “nutritional assessment”, and “cognitive dysfunction”. The full
articles were obtained if their abstracts explained malnutrition, referring to undernutrition,
factors, and effects of malnutrition pre-and post-operatively, and the incidence of POCD
after surgery, focusing on adult cardiac surgery patients.
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3. Prevalence of Heart Disease

The growing epidemic of cardiovascular disease (CVD) and the increasing number of
aging populations globally have resulted in CVD remaining the number one cause of death
for decades [11,12]. According to studies, CVD caused 422.7 million cases and 17.9 mil-
lion deaths in 2015, and it may result in over 23.6 million deaths yearly by 2030 [13–15].
Recent data from the American Heart Association’s (AHA) Heart Disease and Stroke
Statistics—2023 Update provide a comprehensive view of coronary heart disease (CHD)
prevalence among US adults. According to the National Health and Nutrition Examination
Survey (NHANES) 2017–2020, the overall CHD prevalence is 7.1%, with males at 8.7% and
females at 5.8%. Ethnic variations from the National Health Interview Survey (NHIS) 2018
show rates of 5.7% among White adults, 5.4% among Black adults, 8.6% among American
Indian/Alaska Native adults, and 4.4% among Asian adults [16].

Heart disease is the primary cause of mortality for men, women, and members of
the majority of racial and ethnic groups in the United States. It is reported that a person
dies due to CVD every 33 s in the United States [17]. In the United States, heart disease
caused approximately 695,000 deaths in 2021, which is one death out of every five [16].
As a result, between 2018 and 2019, heart disease cost the United States $239.9 billion a
year [17]. This covers the expense of medical treatment, medications, and lost wages as a
result of mortality [17].

Over the past three decades, CVD mortality and morbidity in Malaysia have increased.
According to the Malaysian Ministry of Health Report, CVD has remained the leading
cause of death since 1980 [18]. In 2020, 13.7% of 109,164 medically certified deaths were
caused by ischemic heart disease (IHD), an increase of 2.0% from the previous year [19].
However, the percentage of medically certified deaths due to IHD decreased to 13.7% in
2021 in view of the world experiencing the COVID-19 pandemic, including Malaysia. This
has made COVID-19 infection the leading cause of death in Malaysia for 2021 (19.8%),
followed by IHD [20].

4. Trends and Outcomes of Cardiac Surgery

Generally, most large datasets were collected prior to the COVID-19 pandemic. The
number of procedures performed in developed countries such as the United States (US)
and the United Kingdom (UK) has been relatively constant over the past two decades.
Despite the fact that there is an increase in the mean patient age, comorbidity burden,
and logistic EuroSCORE, the outcomes have consistently improved [21]. Data before the
pandemic showed that cardiac operative mortality had fallen between 2.1% and 2.2% in
developed countries such as the UK and the US [22,23]. However, the global strike of
the COVID-19 pandemic has unprecedentedly affected healthcare management, including
decisions on performing surgical procedures for cardiac patients. The stark reduction in the
inpatient provision of cardiovascular procedures was seen worldwide during the two years.
Regardless of socioeconomic status, the pandemic is associated with greater risk-adjusted
mortality (odds ratio 1.398) [24].

Nationwide data in Malaysia did not specifically address post cardiac surgery’s mor-
tality and morbidity rate. The best referral is from the National Heart Institute (IJN) annual
report. A similar trend of improvement was reported over the recent decade until the
pandemic struck. The in-hospital mortality rate for patients undergoing isolated CABG
in IJN was consistently low, ranging from 3.7% in 2016 to 3.0% in 2018 [25]. Recently, IJN
also reported a higher actual survival rate for all open-heart surgery (94.4%) and isolated
CABG (96.1%) in 2022 as compared to the predicted survival rate estimated by the Par-
sonnet scoring system (predicted survival rate ranging from 91.7% to 92.2%) [26]. Cardiac
surgery is seen to be more difficult in patients with complicated medical histories. At the
time of surgery, the majority of the patients had hypertension (74.7%) and hypercholes-
terolemia (74.8%), and nearly half of them had diabetes mellitus (47.4%) in 2022 [26]. The
improvement indicates that the nation’s main referral center for cardiac cases, including
cardiac surgery, has advanced at par with the developed countries. Since the mid-1980s,
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operative mortality has been included as part of the indicator for the quality of healthcare
in developed countries. Consequently, the US Society of Thoracic Surgeons (STS) formed
the Adult Cardiac Surgery Database (ACSD) in 1989 as a formal report on the outcomes
of cardiac procedures. The 30-day mortality has been an important metric guiding the
evolution of the cardiac operative approach [22]. Nevertheless, a direct comparison of the
trend between countries may not be relevant as the contributing factors to the provision of
surgical procedures for cardiac patients differ.

4.1. Malnutrition among Cardiac Surgery Patients

The American Society for Parenteral and Enteral Nutrition (ASPEN) defined malnu-
trition as “An acute, subacute, or chronic state of nutrition in which varying degrees of
overnutrition or undernutrition with or without inflammatory activity have led to a change
in body composition and diminished function” [27]. Malnourished patients undergoing
cardiac surgery have been shown to have worse post-operative outcomes, including higher
morbidity and mortality [9,28].

4.1.1. Pre-Operative Malnutrition: The Possible Cause

Pre-operative hospitalized patients had a high rate of malnutrition, reaching up to
46.4% among cardiac surgery patients [29]. Acute and chronic diseases among cardiac
surgery patients cause changes in body composition, resulting in poor nutritional status
among this population [30]. In addition to having poor nutrition uptake or intake, these
patients frequently have impaired neurophysiological status or physical mobility [31,32].
As a result of their illness, patients with heart failure are usually not physically active,
which causes the disease to worsen. A longer stay in the hospital prior to surgery also
results in less physical activity [33]. Hospitalized patients tend to experience high levels
of anxiety and depression, which may also negatively impact their nutritional intake
before surgery [34]. Sarcopenia and physical performance are impacted by malnutrition
due to changes in the nervous and skeletal systems as well as loss of muscle mass and
strength [35–37]. All three have negative health effects, including increased morbidity
and mortality; and decreased quality of life [35,38–40]. Thus, all these factors might
cause further nutritional state deterioration among pre-operatively hospitalized patients.
Additionally, patients with malnutrition frequently have decreased cardiac muscle mass,
which eventually lowers cardiac output and reduces renal perfusion. Furthermore, low
levels of energy, micronutrients, and electrolytes alter cytokines, glucocorticoids, insulin,
and insulin-like growth factors, all of which affect cardiac function [29]. Congestive heart
failure further decreases appetite and food intake, leading to the pathophysiological circulus
vitiosus [29,41].

Appetite changes among heart failure patients are common. A study conducted by
Andrea et al. (2021) demonstrated that decreased appetite is a common issue for HF
patients, both right before and 1.5 years after hospitalization [42]. It is reported that almost
38% of heart failure patients had an appetite level at risk of future weight loss, based on the
Council on Nutrition Appetite Questionnaire (CNAQ) assessment [43]. The condition of
the disease itself may impact the patients’ appetite. Heart failure may cause fluid retention
and accumulation, bowel edema, and shortness of breath, making it difficult for patients
to eat [43]. Most patients with heart failure are elderly, and the process of aging itself
may impact appetite hormones negatively. A study carried out by Andrea et al. (2021)
found that almost half of the patients (49%) were discharged with decreased appetite [42].
The condition worsened when further appetite decreases were seen among 141 patients
(22%) after 18 months of follow-up. Another study conducted by Pilgrim et al. (2016)
also found a consistent decrease in the patient’s appetite over time [44]. Comorbidity,
which includes signs of depression, sleep disorders, and impaired cognitive function, is
a common issue in heart failure. It has been demonstrated to have a negative effect on
appetite in general populations, but the evidence is limited in heart failure populations.
Physical activity is a crucial part of managing heart failure, but it is unclear how it affects
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appetite. Additionally, medical management of heart failure is essential for symptom
relief and lowering neurohormonal activation, but it may also have adverse effects on food
intake. Many heart failure patients also experience loneliness, which could also affect their
appetite [42]. Furthermore, decreased appetite over time was independently predicted by
fatigue, depressive symptoms, and poor quality of life. This problem occurs persistently
and cannot be solved spontaneously. Hence, a patient’s appetite should be evaluated daily,
similarly to other crucial nutritional evaluations such as weight. Thus, early nutritional
counselling could be provided to avert or delay malnutrition [42].

Numerous studies have also demonstrated that immunological and neurohormonal
disorders are key contributors to cardiac cachexia [45]. The development of cardiac cachexia
depends on comprehensive overexpression of catabolic mechanisms. This is due to the
numerous immunologic, metabolic, and neurohormonal alterations [46–49]. Patients with
heart failure have increased energy expenditure and concurrently decreased calorie intake.
As a result, compensatory proteolysis occurs, therefore causing muscle wasting. These two
processes are frequently linked to the development of cachexia [49–51]. Hypoalbuminemia
is also one of the pathogenic stages that follow in the development of cardiac cachexia. A
significant proteolysis causes nitrogen balance among heart failure patients. It appears that
hypoalbuminemia causes changes in the activity of inflammatory cytokines, resulting in an
increase in the secretion of TNF-alpha. TNF-alpha is a tumor necrosis factor which is one of
the main inflammatory cytokines of the human body. TNF-alpha has an impact on the en-
dothelium, negatively causing the tissue blood flow to be lower, and subsequently reducing
the absorption of nutrients and physical fitness [49–51]. Other than TNF-alpha, IL-1 and
IL-6 are also secreted, and these can lead to the activation of catabolic processes [45,47,49].
Additionally, hypoalbuminemia causes a reduction in the transforming growth factor activ-
ity (anti-inflammatory cytokines IL-10 and TGF-beta) [49,52,53]. Thus, it can be concluded
that hypoalbuminemia and muscle wasting are interrelated. However, the specific reason
and order of the previously mentioned changes are still unclear.

Additionally, hormonal changes are common among heart failure patients. Lower
testosterone and an increase in cortisol blood concentration led to an increase in catabolic
processes, adding to the proteolysis and muscle wasting [53]. Elevated catabolic processes
cause a decrease in testosterone levels and an increase in blood concentration of cortisol,
adding to muscle wasting and proteolysis. Reduced body weight induces adiponectin
secretion, promoting lipid oxidation and insulin sensitivity. As a result, concentrations
of blood lipid and glucose become lower. Besides that, weight loss also can cause leptin
concentration to increase. Leptin activity is similar to adiponectin, whereby it increases the
sensitivity towards insulin and reduces lipogenesis [49,53,54]. Nonetheless, heart failure
patients commonly have insulin resistance [55]. Additionally, leptin is mainly responsible
for activating the satiety center, whereby it promotes the feeling of early satiety and lack of
nutrient intake [56]. This eventually will aggravate cardiac cachexia.

High energy expenditure in cardiac cachexia affects the balance between the sym-
pathetic and parasympathetic systems. It increases the secretion of cortisol and renin–
aldosterone–angiotensin system (RAAs) activation and natriuretic peptide system [49–51].
Angiotensin II plays a major role in cachexia. It initiates proteolysis in the muscular tissue by
elevating the secretion of IL-6 and glucocorticosteroids and reduces the IGF-1 secretion [50].
Some researchers demonstrated that the muscle fibril proteins are mostly degraded in
neoplastic cachexia via the ubiquitin-dependent mechanism of protein degradation [49,57].
The processes are similar in cardiac cachexia. Their increased activity is brought on by
angiotensin II-induced nicotinamide adenine dinucleotide phosphate (NADPH) activa-
tion, which results in increased oxidative stress in muscle tissue [49–51]. The activation
of muscular satellite cells is reduced by angiotensin II, which interferes with the repair
of damaged muscle fibers. Additionally, it speeds up the breakdown of lysosome and
proteasome proteins [50], triggers the corticoid-releasing hormone (CRH) secretion, and
lowers the neuropeptide Y (NPY) and orexin secretion [51]. As a result, it stimulates a
feeling of satiety and lowers the appetite.



J. Clin. Med. 2024, 13, 4015 6 of 14

Altered psychosocial and lifestyle further worsened the malnutritional status among
this group. Ringaitienė et al. Ringaitienė, Gineitytė [29] reported that psychological
stress and neuropsychological issues, such as dementia and depression, contributed to the
incidence of malnutrition. This shows that there is a strong relationship between these
conditions, and it is important to practice a proper psychological screening for the patients
before surgical procedure. In general, Lomivorotov et al. [28] and Stoppe et al. [9] stated
that cardiac surgery patients with malnutrition can have poor outcomes. This includes
deterioration of chronic heart failure, cardiac cachexia and sarcopenia, less metabolic and
functional reserves, increased hemodilution (including coagulopathy, need for transfusion,
and inflammation), and gastrointestinal endothelial dysfunction. Table 1 below summarizes
the multifactorial aspects and consequences of malnutrition in cardiac surgery patients.

Table 1. Key findings of Malnutrition in Cardiac Surgery Patients.

Key Findings Summary

Causes of Pre-operative Malnutrition Acute and chronic diseases, impaired neurophysiological status, physical inactivity, anxiety, depression,
sarcopenia, and decreased appetite due to heart failure and aging.

Impact on Post-operative Outcomes Higher morbidity and mortality, decreased quality of life, and increased risks of complications such as
cardiac cachexia and sarcopenia.

Pathophysiological Mechanisms Includes hormonal changes (e.g., cortisol, testosterone), inflammatory cytokines (e.g., TNF-alpha, IL-6),
hypoalbuminemia, and altered cardiovascular and metabolic functions.

Psychosocial Factors Psychological stress, neuropsychological issues (e.g., depression, dementia), and lifestyle factors
contribute to worsened nutritional status.

4.1.2. Effect of Malnutrition Post-Operatively

Nutritional deficits result in the reduction in defense mechanism and reduced metabolic
reserves leading to the pathomechanism of inflammation in cardiac patients [58]. Cardiac
surgery patients commonly experience complex systemic inflammatory response syndrome.
This can be seen through the manifestation of tachycardia, pyrexia, leukocytosis, edema,
hypotension, and organ failure post-operatively [58]. Additionally, the most common organ
malfunction after heart surgery is pulmonary failure (up to 79%) [59], ventricular failure
(up to 70%) [60,61], poor post-operative cognitive function (up to 65%) [62,63], and acute
kidney injury in a third of the patients. Particularly, high-risk cardiac patients undergoing
prolonged cardiac surgeries and cardiopulmonary bypass (CPB) are more susceptible to an
elevated inflammatory response with adverse effects.

Organ malfunction leads to a longer stay in the intensive care unit (ICU) and a
prolonged requirement for life-sustaining treatments. The patients’ health deteriorates
even more when malnutrition led to the onset of endothelial gut mucosa malfunction,
permitting the translocation of potential bacterial [64]. Patients who are malnourished are
therefore more prone to surgical stress, ischemia-and-reperfusion damage, complications
from anesthesia, hemodilution, and inflammation. Despite this, pre-operative fasting and
delayed post-operative nutritional supplementation are frequently reported, aggravating
the already-existing malnutrition. Numerous observational studies have shown severe
macro- and micronutrient depletion as well as the significance of energy and protein
metabolism in the initial stages following heart surgery [9,28].

Longer hospital stays are common among malnourished patients. Higher percentage
of hospitalization longer than 7 days among malnourished cardiac surgical patients was
reported in a study by Ávila et al. [65]. A study by Karst et al. [66] which evaluated 83 car-
diac patients in ICU showed that the mean hospital stay of malnourished patients was
longer than well-nourished patients. While these cohort and observational studies suggest
a potential link between nutritional status and cognitive outcomes, they may not be able to
provide direct evidence for the efficacy of pre-operative nutritional interventions. A recent
review by Dong et al. [67] has shown associations between pre-operative nutritional mark-
ers and post-operative cognitive function in cardiac surgery patients, but interventional
studies are lacking. A small pilot study by Jones et al. (2024) explored pre-operative nutri-
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tional supplementation in cardiac surgery patients, showing promising results for cognitive
outcomes, but larger randomized controlled trials are needed to establish causality.

Another retrospective analysis study carried out by Drover et al. [68] also demon-
strated that post-surgical patients were more likely to become malnourished while in the
post-operative ICU. Malnutrition can cause adverse effects on the post-operative outcome.
This includes poor functional recovery, high risk of infection, increased incidence of pneu-
monia, and prolonged length of stay in ICU, which leads to a lower discharge-to-home rate
and increased morbidity and mortality [69]. In this case, nutritional support might be the
best intervention to prevent further deterioration of nutritional status among this group.

According to ESPEN guidelines [70], nutritional support has been shown to help in
improving the recovery process in many ways. This includes maintaining the metabolism,
maintaining the gut function, reducing post-operative complications, promoting wound
healing, and maintaining hydration and euglycemia adequacy. Good nutritional status
with adequate dietary intake may also have a good impact on brain function. The processes
that carry energy from foods to neurons are probably essential for regulating brain activ-
ity [69]. Energy intakes regulate cerebral oxygenation, making it a crucial component for
the preservation of brain function by providing energy to the brain tissue, and this includes
cerebral microcirculation [69].

Recent studies underscore the critical role of nutritional status in predicting outcomes
following cardiac surgery. Almohammadi et al. [71] highlighted that lower levels of the
prognostic nutritional index (PNI) in heart surgery patients correlate with prolonged hospi-
tal stays and increased morbidity and mortality rates. Their study involving 264 individuals
emphasized the significance of PNI and other nutritional markers in assessing risk in this
patient population, despite mortality differences not reaching statistical significance across
PNI levels. Similarly, Kawanishi et al. [72] investigated the impact of pre-operative malnu-
trition on disability-free survival after elective cardiac and thoracic aortic surgery in older
patients. Their findings indicated that poor pre-operative nutritional status significantly
reduced the likelihood of disability-free survival at one year post-surgery, reinforcing
the critical need for nutritional optimization strategies in pre-operative care protocols for
improved surgical outcomes.

4.1.3. Association of Malnutrition with Cognitive Function Post-Operatively

After cardiac surgery, including aortic valve replacement (AVR) and coronary artery
bypass grafting (CABG), post-operative cognitive dysfunction (POCD) is a common compli-
cation. Between 15% and 50% of individuals undergoing cardiac surgery have POCD [73].
According to a retrospective study, the most frequent cause of POCD following a cardiac
operation is a CABG procedure, with incidence rates of 37.6% in the first week and 20.8%
in the third month [74].

Predisposing factors include older age, female gender, higher bleeding episodes, and
elevated post-operative creatinine levels [74]. Laalou et al. [75] reported that the incidence
of POCD is influenced by age and the timing of assessment, with rates of 23–29% in
patients aged 60–69 and over 70 years one week post-surgery, decreasing to 14% in those
over 70 years by the third month post-surgery. Recent advances highlight the importance
of considering nutritional status as a potential modifiable factor influencing cognitive
outcomes in this population [76]. This comprehensive approach enables the identification
and targeted intervention of specific cognitive deficits.

Additionally, numerous studies revealed that the primary factor contributing to the
development of POCD is the inflammatory reactions linked to surgery [77–80]. It has been
reported that inhibiting this inflammatory response can enhance cognitive recovery from
surgery. Before surgery, enteral administration of enriched nutrition was thought to be
able to trigger the vagal anti-inflammatory reflex, which would restrict the inflammatory
response and subsequently decrease POCD [81,82]. This mechanism also can be seen in
a study by Hovens et al. [83], where enteral enriched nutrition before surgery in young
rats was found able to reduce systemic inflammation and improve cognitive performance
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after surgery. However, old rats showed a mixed favorable/unfavorable cognitive response
without effect on systemic inflammation.

5. Nutritional Screening and Assessment

Nutritional screening and assessment among cardiac patients are crucial aspects
of comprehensive care, as they help identify individuals who may be at risk for poor
nutritional status and allow healthcare providers to implement appropriate interventions.
Poor nutritional status among cardiac patients has been associated with worse outcomes
in a pre-operative setting [65,84]. In addition, malnutrition is prevalent among critical
and high-risk cardiac patients, making it vital to identify those who may be malnourished
or at increased risk of malnutrition [84]. Varieties of parameters used in the nutritional
assessment include anthropometric data, clinical history, biochemical parameters, physical
examinations, and dietary records [65]. Several nutritional screening tools have been
proposed and evaluated for cardiac surgery patients. Lomivorotov et al. [85] conducted
a comparative study to evaluate the prognostic value of nutritional screening tools for
patients scheduled for cardiac surgery and found that nutritional screening tools can
effectively identify patients at high risk of malnutrition [85]. Another study in agreement
with the previous outcome also highlighted the importance of implementing nutritional
screening in clinical routine practice to identify patients at nutritional risk and initiate
optimization strategies [86].

Subjective Global Assessment (SGA) has been widely used in assessing the nutritional
status of the hospitalized patient. SGA is practical and sensitive in identifying patients
with impaired nutritional status. The subjective assessment that combines both clinical and
dietary information allows patients to be classified into three categories: well-nourished,
moderately malnourished, or severely malnourished [65,84]. Previous study proves that
SGA is one of the tools that can effectively identify patients at high risk of malnutrition. In
the evaluation, SGA includes weight loss, changes in subcutaneous fat, muscle wasting, and
the presence of edema in its clinical factors. In addition to the clinical factors, the dietary
factors included are changes in appetite, dietary intake, and gastrointestinal symptoms [87].
Due to the fact that all these factors are subjective, its data are highly dependent on the
operator. Therefore, multiple operators may result in different variants of results.

In addition to SGA, there are also many widely used nutritional screening and assess-
ment tools including the Mini Nutritional Assessment Short-Form (MNA-SF), Malnutrition
Screening Tool (MST), Malnutrition Universal Screening Tool (MUST), and Nutrition Risk
Screening 2002 (NRS-2002). However, currently there is still no validated nutritional
screening and assessment tool developed specifically for this population. Additionally,
the nutritional screening and assessment tool was rarely used in cardiac surgery [58].
Lomivorotov et al. [85] found that most nutrition screening tools are insufficiently sensitive
to the risk of developing post-operative complications [28]. Identifying the nutritional
status of hospitalized cardiac patients is essential to determine the most appropriate dietary
treatment and to optimize health professionals’ and institutional managers’ planning [65].

Another screening tool that has the potential for screening nutritional status among
post-cardiac surgery patients is the Controlling Nutritional Status (CONUT). The tool
combines several objective parameters, and it is simple to calculate in order to obtain the
nutritional status score. The score was obtained from blood albumin level, serum total
cholesterol, and total lymphocyte count. The score ranges from 0 to 12, whereby higher
scores indicate greater nutritional risk [88]. The multifaceted objective parameters taken
into account allow a more nuanced evaluation among sensitive patients such as post-
cardiac surgery patients as their nutritional status is susceptible to both acute and chronic
aspects such as inflammation, lipid metabolism, and protein synthesis. Furthermore, this
tool has the potential to detect subtle nutritional changes that can go unnoticed with the
marker assessments. Thus, prompt interventions can be conducted to improve patients’
conditions. However, further validations are needed in order to include CONUT as the
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standard nutritional assessment tool for post-surgery patients [89]. A list of nutritional
assessment tools is presented in Table 2.

Table 2. Tools for nutritional status screening and their benefits, parameters, and limitations.

Tool Characteristics/Parameters

Malnutrition Screening Tool (MST)

Benefits: Simple, quick, valid, incorporates key parameters
(recent weight loss, recent poor dietary intake, BMI), and reliable
Parameters: BMI and appetite
Limitations: Issues with its sensitivity and specificity that lead to false negatives and false positives, are not
suitable for populations such as athletes or individuals with specific health conditions that affect BMI.
Population: Hospitalized, outpatient, and institutionalized adult patient

Malnutrition Universal Screening
Tool (MUST)

Benefits: Simple, quick, valid, incorporates key parameters (BMI, unintentional weight loss, and the effect
of acute disease on nutritional intake), able to risk stratify, clinically relevant as it takes into account current
nutritional status and historical changes in weight, and suitable for in clinical settings or community.
Parameters: BMI, weight loss, and estimates of the effect of illness on dietary intake are needed.
Limitations: For screening of adult patients only, dependent on BMI.
Population: ESPEN recommends its use limit at the community level.

Nutritional Risk Screening 2002
(NRS 2002)

Benefits: It assesses a wide range of parameters related to nutritional status (weight loss, BMI, food intake,
gastrointestinal symptoms, and disease severity) and takes into account both the severity and impact of
disease on the patient’s nutritional status. NRS 2002 is based on clinical evidence.
Parameters: Weight loss (within the last 3–6 months), BMI, intake, severity of disease.
Limitations: The complex scoring requires operator training, assessment on the disease severity is
subjective, limited to hospitalized patients.
Population: ESPEN recommended this tool for nutritional screening to identify risks in severely ill patients.

Subjective Global Assessment (SGA)

Benefits: Combines clinical judgement and patient history, incorporates multiple factors, includes
qualitative and quantitative evaluation, suitable for a wide range of patients, and gold-standard
measurement accepted in clinical settings.
Parameters: Clinical history (weight loss history, dietary intake changes, gastrointestinal symptoms
persisting for more than 2 weeks, and functional capacity) and physical examination (subcutaneous fat,
muscle wasting, ankle and sacral edema, and ascites)
Limitations: Operator-dependent (judgement and interpretation may vary from one operator to another),
time-consuming, typically requires face-to-face evaluation.
Population: ASPEN recommended this tool for gold-standard nutritional screening in hospitalized patient.

Mini Nutritional Assessment
Short-Form (MNA-SF)

Benefits: Quick and simple assessment that is easy to administer, enables tracking over time as it takes into
account status within the past 3 months.
Parameters: BMI, lifestyle and mobility, dietary intake (number of meals per day, food and fluid intake),
self-perception of health and nutrition, subjective assessment of unintentional weight loss, disease state and
stress during the last 3 months.
Limitations: Dependence on clinical judgement
Population: Only for the geriatric population.

Controlling Nutritional Status
(CONUT)

Benefits: Quick, comprehensive assessment of multiple objective parameters, quantitative, not
operator-dependent, useful in diverse population, and cost-effective.
Parameters: Serum albumin levels, total lymphocyte count, and total cholesterol
Limitations: Other parameters of intake are not included, provides the nutritional status at the time the
biomarkers are taken.
Population: All inpatients

As highlighted, it is clear that nutritional assessment is also part of important assess-
ment upon admission. In the event that malnutrition is identified, interventions should
include pre-operative nutrition optimization, potentially delaying elective surgery to imple-
ment intensive nutritional support, and providing oral nutritional supplements enriched
with immunonutrients [9,90]. Perioperative nutrition support should prioritize early en-
teral nutrition (EN) within 24–48 h post-surgery when feasible [91]. In cases where EN
is contraindicated or insufficient, parenteral nutrition (PN) should be initiated within
3–7 days post-surgery, depending on the severity of malnutrition and clinical status.

The timing of perioperative PN requires careful consideration. For severely malnour-
ished patients, PN may be initiated 7–10 days before surgery if adequate oral or enteral
intake cannot be achieved [90]. In the immediate post-operative period, PN should be
reserved for patients unable to meet >60% of their energy and protein requirements through
EN within 3–7 days after surgery [92]. The decision to initiate PN should be made on a
case-by-case basis, considering the patient’s nutritional status, expected duration of inade-
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quate oral/enteral intake, and potential risks. By implementing these interventions and
carefully timing nutritional support, we believe that the negative impact of malnutrition on
cognitive outcomes and overall recovery in post-heart surgery patients can be mitigated,
though further research is needed to establish optimal protocols specific to cardiac surgery
patients and evaluate long-term effects on cognitive function.

5. Conclusions and Future Recommendations

Nutrition is one of the fundamental components listed in the ERAS protocols. Due
to the fact that all open-heart surgeries are high-risk in nature, diligent consideration of
adequate nutrition ensures optimum recovery and mitigates potential adverse compli-
cations [1]. Despite significant advancements in cardiac surgery techniques and post-
operative care, there remains a critical gap in our understanding of the long-term cognitive
outcomes and their nutritional correlates in post-heart surgery patients. While ERAS
protocols have shown promise in improving various aspects of patient recovery, their
impact on cognitive function and the potential role of nutrition in this context are not yet
fully elucidated. Recent studies have suggested a possible link between perioperative
nutritional status and post-operative cognitive decline, but the specific mechanisms and
optimal nutritional interventions remain unclear [67]. Further research is needed to explore
the complex interplay between nutritional factors, ERAS implementation, and cognitive
outcomes in this patient population, with a particular focus on identifying modifiable risk
factors and developing targeted interventions to enhance both short-term recovery and
long-term cognitive health [92].

Managing malnutrition in cardiac surgery patients presents a complex challenge
influenced by both chronic cardiovascular conditions and acute perioperative demands.
While malnutrition often stems from physiological effects such as reduced appetite and
metabolic dysregulation, addressing pre-operative nutritional deficits is crucial to enhance
patient readiness for surgery. This approach complements the treatment of underlying
diseases by bolstering physiological reserves and potentially reducing surgical complication.
Thus, an accurate standardized assessment of nutritional status among this pool of patients
pre- and post-operatively is crucial. To date, there is a paucity of universally recognized
gold-standard nutrition assessment tools tailored for cardiac surgery patients. This patient
cohort has a diverse spectrum of functional states [93]. Therefore, it is imperative that
any nutritional status assessment tool utilized be expeditious and objective and minimize
the susceptibility to operator judgement. In a nutshell, the current endeavor is focused
on identifying the most effective nutritional assessment tool. The integration of nutrition
screening into clinical practice and the subsequent initiation of tailored nutritional support
holds promising potential in optimizing cardiac patient outcomes.
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