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Perioperative Nutrition Optimization in Rotator Cuff Repair
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Abstract

Rotator cuff injuries severely affect quality of life, particularly in the elderly, with many patients experiencing non-healing after
rotator cuff repair (RCR) surgery. This review explores the influence of nutrition on healing after RCR and the effects of
perioperative nutritional optimization. Analysis of studies on the impact of macronutrients, micronutrients, and dietary supplements
on postoperative recovery highlights that malnutrition is common in RCR patients and linked to poor outcomes. Nutritional
optimization, such as supplementation with amino acids and vitamin D, supports tissue repair and immune function, improving
recovery. Individualized nutrition plans and revised fasting guidelines could enhance surgical success.
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Introduction

Rotator Cuff injuries are one of the most common causes of upper extremity pain and disability, particularly affecting the elderly.
Tashjian et al. reported that full-thickness rotator cuff tears are present in approximately 25% of individuals in their 60s and 50% of
individuals in their 80s.! These injuries significantly impact the quality of life and functional independence of affected patients. Tears
in the rotator cuff can either be treated conservatively or surgically depending on patient age, discomfort and disability as well as tear
size, depth and location among other factors. Due to the high prevalence of rotator cuff tears, arthroscopic rotator cuff repair (RCR)
is one of the most widely performed orthopedic surgeries. As of 2019, over 460,000 rotator cuff repair surgeries were performed in
the US and the number of repairs was expected to have a compound annual growth rate of 4% to surpass 570,000 procedures by
2023.2 There is however, a significant portion of these repairs that are unable to heal and this fact is exacerbated by disease processes
like diabetes, osteoporosis, hypercholesterolemia, smoking and malnutrition.? The preventable nature of malnutrition makes it a risk
factor that should be regularly monitored and addressed in the setting of rotator cuff repair surgery. Adopting an integrated and

comprehensive approach, which includes optimizing the patient's nutritional status, is crucial for both pre and postoperative care.

The healing process following RCR surgery involves complex physiological mechanisms, such as inflaimmation, tissue remodeling,
and collagen synthesis®. Nutrition plays a crucial role in supporting these processes by providing essential building blocks, facilitating
tissue repair, and modulating the inflaimmatory process. As such, understanding the impact of specific nutrients and dietary
interventions on the outcomes of rotator cuff repair becomes an area of growing interest among healthcare professionals and

researchers alike.
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Perioperative Nutrition Optimization in Rotator Cuff Repair

This review aims to provide a comprehensive examination of the current literature on nutritional optimization in RCR surgery. By
critically analyzing existing studies, we seek to elucidate the role of macronutrients, micronutrients, and supplements in promoting
healing, reducing complications, and enhancing overall patient recovery. In doing so, this review aims to highlight the existing gaps in
the literature and emphasize the need for prospective clinical trials to investigate the full effect of peri-operative nutritional
optimization on surgical outcomes. We seek to initiate a broader dialogue among clinicians and researchers surrounding this topic,
paving the way for evidence-based guidelines that integrate nutritional strategies into routine care for patients undergoing RCR
surgery.

We firmly believe that a deeper understanding of the relationship between nutrition and rotator cuff repair can have far-reaching
implications for clinical practice. By identifying dietary factors that positively impact patient outcomes, healthcare providers can
design personalized nutrition plans to optimize the healing process and improve long-term prognosis after RCR surgery.

Rotator Cuff Repair

Rotator cuff repair surgery is performed with the ultimate goal of relieving pain and restoring lost function by reattaching the torn
tendon to the humerus bone. When rotator cuff tendons do not heal, patients have worse functional outcomes and more persistent
pain.> Thus, maximizing rotator cuff tendon healing is essential for achieving optimal patient outcomes. Despite this fact, a
significant portion of rotator cuff repairs do not result in tendon healing. According to a Metanalysis carried out by McElvany et al.
in 2014 rotator cuff repair surgeries have an average non-healing rate of 26.6%.6 Another study states that the non-healing and

scarring defect incidence rate ranges in the literature from 7 to 57%.7

Tendon healing rates are highly dependent on various factors, which can be broadly categorized into three main groups. Firstly,
factors related to the nature of the tear, such as tear size, tear configuration, tissue quality and muscle-tendon unit retraction, play a
significant role in influencing healing outcomes. For instance, larger tears with poor tissue quality may exhibit decreased healing

potential, leading to higher non-healing rates.3

Secondly, patient-related factors also exert a substantial impact on tendon healing. Advanced age, compromised overall health status,
and non-compliance with postoperative instructions can hinder the body's natural healing mechanisms, contributing to diminished
tendon repair. For example, elderly patients with comorbidities such as diabetes, osteoporosis and hypercholesterolemia may

experience delayed healing and increased risk of re-tearing after surgery.®

Lastly, factors associated with the surgical technique and postoperative rehabilitation can influence the success of rotator cuff repairs.
The type of repair performed, the suture technique employed, and the timing and intensity of rehabilitation exercises are critical de-
terminants of tendon healing. Suboptimal surgical techniques or inadequate rehabilitation protocols may lead to subpar outcomes
and a higher likelihood of non-healing.

Proper nutrition is a patient-related factor that can be monitored and controlled more easily than other common conditions affecting
healing rates, such as diabetes and smoking history. Understanding the interplay of these factors and the role of nutrition is essential
in optimizing rotator cuff repair outcomes and improving patient recovery. By identifying and addressing modifiable factors like
nutrition, healthcare providers can take proactive steps to enhance tendon healing rates and ultimately enhance the overall success of

rotator cuff repair surgeries.

Malnutrition

Malnutrition is a significant concern in the context of surgical outcomes, particularly in orthopedic procedures like rotator cuff repair
surgeries. Adequate nutrition plays a crucial role in supporting the healing process and optimizing patient recovery. Malnutrition can
encompass protein-energy malnutrition (PEM), micronutrient deficiencies, and obesity although most often in orthopedic literature it
is defined as albumin levels below 3.5 g/dL. Other lab tests such as total lymphocyte count (TLC) and transferrin levels can also
indicate nutritional status. Poor nutrition as demonstrated by these lab tests as well as Vitamin D levels can adversely affect surgical

outcomes and lead to postoperative complications.

Existing research has demonstrated a considerable prevalence of malnutrition in patients undergoing shoulder surgeries. In a study
conducted by Garcia et al. 7.6% of patients undergoing total shoulder arthroplasties were found to be malnourished.® Similarly, Quan
et al. found that the prevalence of malnourishment in arthroscopic rotator cuff repair patients was 3.7%.10 In both studies these
patients had increased risk of complications, extended hospital recovery, blood transfusion and even death. Research has also shown
that malnourished patients are more prone to surgical site infections, delayed wound healing and impaired tissue repair.#!! Lack of

nourishment can compromise immune function thereby increasing the risk of infection and can also impair recovery.!213
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Malnutrition exerts its effect on the healing process in rotator cuff repair surgeries through various biological mechanisms. Essential
nutrients such as proteins, vitamins and minerals are crucial for collagen synthesis, tissue regeneration and immune function.*
Patients that are lacking in nourishment can have decreased collagen production, which is vital for proper tissue repair and wound
healing. According to Dudrick et al. “All biological amino acids are essential for optimal wound healing and tissue repair.4 Inadequate
protein intake can compromise the body's immune response, increasing susceptibility to infections and delaying the resolution of
postoperative inflammation. Additionally, micronutrient deficiencies, such as vitamins C and D, have been linked to impaired bone
healing and reduced muscle strength, further compromising the healing process.!* The lack of adequate nutrients also impacts cellular
energy production, hindering cell proliferation and migration, which are crucial for tissue remodeling and repair. Altogether,
malnutrition disrupts the finely tuned and coordinated processes involved in the healing response, thereby delaying the recovery and

rehabilitation of patients undergoing rotator cuff repair surgeries.

Reconsidering Pre-surgical NPO Fasting Guidelines

Pre-surgical fasting guidelines have long been established as a standard practice to minimize the risk of aspiration during anesthesia.
However, recent evidence suggests that existing guidelines might be overly strict, potentially compromising patient nutrition and
overall outcomes in rotator cuff repair (RCR) surgery. Historically, patients undergoing RCR surgery are often instructed to observe a
"nil per os" (NPO) status after midnight, which involves abstaining from all oral intake, including food and fluids. The intention
behind this approach is to reduce the risk of aspiration-related complications during anesthesia.!> In J. Roger Maltby’s chapter on
fasting from midnight, he describes this convention by saying, “The false premise that patients who ingest anything (food or clear
liquid) on the day of surgery have a ‘full stomach’ led logically to enforcement of the dogmatic ‘NPO after midnight’ rule.”1¢ Maltby
is alluding to the fact that while this practice has been the norm for decades, emerging research raises concerns about its universal

implementation’s impact on patients' nutritional status and overall health before surgery.

The American Society of Anesthesiologists’ evidence based guideline for periprocedural aspiration risk suggests that healthy
nonpregnant patients should fast for 8 hours after heavy meals, 6 hours after a light, non-fatty meal, and 2 hours after clear liquids
(eg, water, fruit juices without pulp, carbonated beverages, black coffee).!” This guideline leaves significant room for nutrition
optimization in patients undergoing elective surgeries such as rotator cuff repairs. The extended periods of NPO fasting that patients
regularly endure before surgery can lead to a state of fasting-induced stress response in the body. Prolonged fasting may trigger a
catabolic state, depleting glycogen stores, and initiating protein breakdown, potentially compromising muscle mass and immune
function.!8 Patients undergoing RCR surgery often present with nutritional deficiencies or are at risk of malnutrition, and strict

pre-surgical fasting can exacerbate these issues.

Nutritional state should therefore be included in patient’s preoperative assessment to identify patients at risk of malnutrition or those
with specific nutrient deficiencies. A personalized nutritional plan can be designed for each patient, considering their specific
nutritional needs and optimizing their preoperative nutritional status. Nutritional interventions may involve oral nutritional
supplements (such as protein powders or carbohydrate loading mixes), targeted micronutrient support, and, in some cases, parenteral

nutrition when necessary.

Nutrition Optimization

Nutrition has been established as a critical determinant in the healing and recovery process in orthopedic surgeries. Specifically,
albumin, vitamin D, and transferrin levels as well as total lymphocyte count (TLC) have all been shown to be determinants of
successful healing and recovery. The importance of monitoring the levels of these nutrients and providing supplemental nutrition to

deficient rotator cuff repair patients both before and after surgery has only just begun to be explored.

Albumin is a crucial blood protein that has been widely used as an indicator of overall nutrition status. Serum albumin is an indicator
of visceral protein resetves and protein malnutrition is associated with an albumin level of less than 3.5 g/dL if liver function is
nomal.’ The substandard outcomes of surgical patients below this threshold have repeatedly demonstrated just how essential
adequate protein intake is for collagen synthesis, tissue regeneration, and wound healing. In a recent randomized controlled trial on
the effect of amino acid supplementation on hip fracture patients, it was shown that essential amino acid supplementation induced
significant improvements in the sarcopenic sub-population of the study.?0 Other non hip fracture specific studies have shown that
amino acid and carbohydrate supplementation can ameliorate the loss of lean muscle mass and decrease the risk of sarcopenia for
immobile or bedridden patients.2! Specialized amino acid mixtures with components such as arginine, Hydroxymethylbutyrate

(HMB) and glutamine can enhance collagen synthesis and therefore be used as a nutritional means for enhancing wound repair.??
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This makes conditionally essential amino acids (CEAAs) protective against common complications and skeletal muscle wasting when
administered to patients postoperatively. The ingestion of amino acids is also directly linked to gamma globulin and antibody
production which makes sufficient protein metabolism an essential component of infection resistance.?

The existing evidence that amino acid supplementation can be used as a means to boost protein levels both pre and
post-surgery should be further explored in the context of rotator cuff repair. Perioperative protein supplementation’s potential to
enhance the body's healing mechanisms makes it a viable, simple and potentially cheap method for improving RCR sutgical

outcomes.

Similarly to albumin monitoring and amino acid supplementation, vitamin D’s inherent functional qualities should also be optimized
to maximize surgical outcomes. The fat-soluble vitamin plays essential roles in bone health, muscle function and immune system
modulation. Its active form, 1,25 dihydroxy vitamin D, is responsible for calcium and phosphate absorption and bone modulation. In
addition to its invaluable effect on bone density and repair, vitamin D has been shown to decrease inflimmation through
downregulation of tumor-necrosis factor-alpha?4, to improve muscle growth through receptors on myocytes? and to regulate matrix
metalloproteinase (MMP-9).26 Recently rat studies have demonstrated that its blocking of MMP allows it to strengthen the
postprocedural tendon to bone scar thereby increasing the effectiveness of tendon healing.'* Additionally, a human database study
showed that low vitamin D levels were associated with greater rates of revision rotator cuff repair surgery (5.9%) compared with
those with sufficient vitamin D levels (3.7%).27The success of RCR surgery is dependent on the torn tendon’s ability to heal to its
bony attachment on the humerus; therefore, vitamin D’s role in tendon healing should be operationalized and further explored in

vivo.

Despite its undeniable importance, vitamin D deficiency is estimated to affect 1 billion people worldwide.28 This deficiency has been
linked to poor bone healing, decreased muscle strength and poor tendon healing. Consequently, optimizing Vitamin D levels
pre-operatively may prove beneficial in promoting bone repair and enhancing overall patient recovery. Vitamin D supplements are a
simple therapy for patients to take and for doctors to prescribe and should therefore be beneficial for rotator cuff repair patients

especially if further evidence is found to demonstrate its beneficial effect on tendon repait.

A growing body of evidence underscores the importance of immunonutrition in perioperative care. A systematic review and
meta-analysis by Matsui et al. demonstrated that perioperative immunonutrition, which includes key components such as arginine,
omega-3 fatty acids, and glutamine, significantly reduces total postoperative complications and infectious complications in patients
undergoing elective head and neck or gastrointestinal cancer surgeries?’. These findings highlight the potential for targeted nutritional
interventions to mitigate surgical stress, enhance immune function, and accelerate recovery through mechanisms such as
inflaimmation modulation and improved protein synthesis. While the study focused on cancer surgeries, the principles of reducing
postoperative complications through immunonutrition are transferable to rotator cuff repair, where adequate immune response and
tissue regeneration are critical. The demonstrated effectiveness of arginine-enriched formulations in preventing complications further
supports the integration of specialized amino acid supplementation into perioperative nutritional protocols, warranting exploration in

orthopedic surgical settings.

While monitoring patient nutrition, transferrin and total lymphocyte count (TLC) can also be evaluated as serum markers that can
potentially foreshadow outcomes and indicate nutritional status. Transferrin is a vital protein involved in iron transport and TLC is
an essential marker of the body's immune response. As Lymphocytes are protein-based cells both low TLC and transferrin can
indicate a lack of visceral protein just as albumin does. surgical outcomes. Additionally, low TLC count indicates compromised
immune function thereby significantly increasing the patient’s risk of postoperative infection and prolonged inflaimmation. In
malnourished or sarcopenic patients, amino acid supplementation may also be useful to raise the levels of these markers30-3! although

more research must be done to determine their impact on surgical outcomes.
Conclusion

In conclusion, malnutrition has been identified as a significant concern affecting surgical outcomes, including in rotator cuff repair
surgeries. Adequate nutrition plays a crucial role in supporting the healing process and optimizing patient recovery. Malnutrition can
encompass protein-energy malnutrition (PEM), micronutrient deficiencies, and obesity, with albumin levels, Vitamin D, total

lymphocyte count (TL.C), and transferrin serving as crucial indicators of nutritional status.

To address the impact of malnutrition on rotator cuff healing and surgical outcomes, healthcare providers can implement various
strategies for identifying and managing malnutrition. A comprehensive nutritional assessment using validated screening tools such as
the Malnutrition Universal Screening Tool (MUST) or the Subjective Global Assessment (SGA) can help identify malnourished or
at-risk patients. Collaboration with registered dietitians can further aid in developing personalized nutrition plans and monitoring

progress throughout the pre and postoperative phases.
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Preoperative nutritional optimization, including dietary interventions and oral nutritional supplements, can be prescribed to improve
nutrient intake and support the patient's nutritional status before sutgery, positively impacting postoperative outcomes. Moreover,
providing adequate postoperative nutritional support through nutrient-dense meals and targeted supplementation can facilitate

healing and recovery.

Vitamin and mineral supplementation, such as Vitamin D, has been shown to enhance bone healing, muscle strength and potentially
tendon repair, contributing to the success of rotator cuff surgery. Education and counseling about the importance of nutrition in the
healing process can motivate patients to actively engage in improving their dietary habits.

Regular monitoring of the patient's nutritional status during hospitalization and post-discharge is crucial to address any changes in
nutritional requirements promptly. Follow-up visits with the dietitian and surgical team allow for tracking progress and adjusting the

nutritional plan as needed.

By adopting evidence-based strategies for addressing malnutrition, healthcare providers can optimize surgical outcomes, promote
successful healing, and contribute to the overall well-being and quality of life for patients undergoing rotator cuff repair surgery.
Further research, including prospective clinical trials on the efficacy of nutrition optimization, is needed to explore the potential
benefits of amino acid supplementation and Vitamin D optimization in enhancing tendon healing and patient recovery. Overall, a
holistic and personalized approach to nutrition optimization has the potential to improve the success and long-term prognosis of

rotator cuff repair surgeries.
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