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Background: Enteral nutrition (EN) with foods for special medical purposes (FSMP) is recommended for most patients on home enteral nutrition (HEN). Although there are disease-specific guidelines for energy, protein, and micronutrient provision, only a few studies are showing real-life experience in the long-term use of FSMP.

Methods: In a multicenter study, the influence of the FSMP composition and administration technique (bolus vs. continuous) on protein and energy provision in HEN was analyzed. Provision of vitamins and minerals was compared to recommended daily allowance (RDA) and upper tolerable limit (UL).

Results: Approximately, 772 patients on HEN, mostly (88.6%) with oncological and neurological diseases, were enrolled. The patients on standard FSMP received less protein and energy than those on hypercaloric and protein enriched despite receiving higher volumes of EN (p < 0.05). No differences were observed in jejunal feeding with oligomeric vs. polymeric FSMP in terms of energy, protein, and volume. Continuous gastric feeding provided more protein, energy, and volume vs. bolus feeding (p < 0.05). Significant number of patients received less than 100% RDA of vitamin D (50.5%), vitamin B3 (49%), vitamin K (21.8%), vitamin B5 (64.3%), vitamin B9 (60%). Majority of the patients received less than 100% RDA of sodium (80.2%), potassium (99%), chloride (98%), calcium (67%), magnesium (87%), fluoride (99%), and iodine (43%). Approximately, 43.63% of cancer and 49.9% of neurological patients received less than 1 g/kg/day of protein and 51.7% of cancer and 55.5% of neurological patients received less than 25 kcal/kg/day.

Conclusion: Awareness of the available compositions of FSMP and advantageous profiles of specific diets may lead to the implementation of recommendations for EN. HEN professionals need to analyze all the patient’s needs and requirements to provide more tailored matching of nutritional support.
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INTRODUCTION

The prevalence of home enteral nutrition (HEN) is growing, which was demonstrated in several studies from Europe and the United States (1–5). The most common indications for HEN are oncological and neurological diseases (6). The rates of patients with cancer, especially with head and neck cancer (HNC) and upper gastrointestinal (GI) tract cancer, are growing (7, 8). Malnutrition affects both neurological and oncological patients, and proper nutritional support is crucial to improve the comprehensive treatment.

Recommended protein intake for patients with cancer according to the European Society for Clinical Nutrition and Metabolism (ESPEN) is at least 1 g/kg/day (1.5 g/kg/day if possible) and energy provision between 25 and 30 kcal/kg/day (9). Vitamins and minerals should be provided in recommended daily doses for the general population with no indications for additional supplementation in patients with no proven deficiencies. Most neurological patients require similar energy provision with disease-specific recommendations for protein supply (mostly 1 g/kg/day). In some neurological diseases, such as Parkinson’s disease or multiple sclerosis, monitoring of Vitamin D, folic acid, and Vitamin B12 is recommended because some micronutrient deficiencies may contribute to the onset or progression of the diseases (10, 11). Studies have shown that commercially available formulas/foods for special medical purposes (FSMP) make it possible to meet recommendations and facilitate planning of nutritional support. Therefore, they are recommended by ESPEN in HEN (12, 13) unless there is a specific rationale for mixed diets. A Polish study showed that FSMP and the support of nutrition teams (NST) are cost-effective and improve clinical outcomes (14). The composition of FSMP is regulated by legal documents of the European Union (EU). EU Commission regulates the microelement content of FSMP in a directive 1999/21/EC (15), and European Food Safety Authority (EFSA) sets upper tolerable doses of nutrients (UL) (16, 17).

Studies show that EN intolerance and complications manifested with gastrointestinal symptoms like diarrhea, nausea, delayed gastric emptying, abdominal pain, constipation, or bloating may lead to underdosing of FSMP and underfeeding of the patients (18). Those observations come from data on hospitalized patients; however, little is known on EN in long-term or home conditions. In Poland, HEN is reimbursed only for patients on FSMP, which enables homogenous scientific considerations on the use of commercially available formulas. Our study aimed to confront the real-life clinical experience of using FSMP in HEN with recommendations and guidelines for clinical nutrition concerning protein, energy, and micronutrient provision.



MATERIALS AND METHODS

This multicenter study was conducted in 22 Polish HEN centers. Data on adult patients on HEN treated between January 1 and December 31, 2018 were retrospectively evaluated. We included all tube-fed patients on FSMP for at least 7 days (with no or negligible oral intake) and complete medical history containing basic anthropometric data (weight, height), main indications for HEN, route for nutritional support, provision technique, and administered FSMP. Types of FSMP, total volume, protein, energy, and micronutrient composition [vitamin A, vitamin D, vitamin E, vitamin K, vitamin B1 (thiamin), vitamin B2 (riboflavin), vitamin B3 (niacin), vitamin B6, vitamin B9 (folate), vitamin B12, vitamin B7 (biotin), vitamin C, sodium, potassium, chloride, calcium, phosphorus, magnesium, iron, zinc, copper, manganese, fluoride, molybdenum, selenium, chromium, iodine] were collected from medical records. Study coordinators of the participating HEN centers were asked to provide the most recent data during the observation period. We excluded patients treated with supplemental parenteral nutrition. Data were anonymized and the study protocol was approved by the Local Ethics Committee (KB-7/20).

The aim of the study was to assess the influence of the FSMP type and the method of administration (bolus vs. continuous) on protein and energy provision. Administration of vitamins and minerals with FSMP was analyzed. FSMP were classified according to the following definitions: hypercaloric (HC) ≥ 1.3 kcal/ml, protein-enriched (PE) > 4 g/100 ml, standard (STD)- polymeric, and isocaloric. Bolus vs. continuous provision was compared in patients with gastric access. Oligomeric vs. polymeric FSMP in patients with feeding jejunostomies. Gender-specific micronutrient recommended daily allowance (RDA) and tolerable upper intake level (UL) were established according to EU regulations (15–17) and nutritional standards for the Polish population (19) (Supplementary Table 4 in Supplementary Material).


Statistical Analysis

The calculations were carried out with the use of the Statistica 13 package and Microsoft Excel 2013. The descriptive statistics include averages, medians, and standard deviations (SD). The quantitative variables were characterized by the arithmetic mean of standard deviation or median or max/min (range) and 95% confidence interval. The qualitative variables were presented with the use of count and percentage. To check if a quantitative variable derives from a population of normal distribution, the Shapiro–Wilk test has been used. Whereas to prove the hypotheses on the homogeneity of variances, Leven (Brown–Forsythe) test has been utilized. Statistical significance of differences between the two groups (the un-paired variables model) was processed with the Student’s T-test (or Welch test in the case of a lack of homogeneity) or U Mann–Whitney test (in cases where conditions of performing the Student’s T-test were not satisfied or for variables measured by ordinal scale). The significance of the differences between more than two groups was assessed with F-test (ANOVA) or Kruskal–Wallis (if AVOVA conditions were not fulfilled). In the case of statistically significant differences between the two groups, post hoc tests were utilized (Tukey test for F or Dunn for Kruskal–Wallis). Chi-squared tests for independence were used for qualitative variables (with the use of Yates correction for cell counts below 10, with a check of Cochrane’s conditions or with Fisher’s exact test, respectively). To determine dependence, strength, and direction between variables, correlation analysis was used by determining the Pearson or Spearman’s correlation coefficients. In all the calculations, the statistical significance level of p = 0.05 has been used.




RESULTS

Approximately, 772 patients (45.21%, female; 54.79%, male) with median age of 63.65 years (SD ± 21.9); weight, 55 kg (SD ± 19.3 kg); and BMI, 20.08 kg/m2 (SD ± 4.66) were enrolled in the study. Neurological or oncological diseases were the primary causes of HEN in 88.6% of patients. Approximately, 90.54% of patients were treated with gastric access (98.12% of neurological, 77.99% of cancer, 90.91% of other) (Table 1). Patient groups with the highest protein and energy supply were cystic fibrosis, muscle dystrophies, cerebral palsy, and multiple sclerosis. The lowest protein and energy provision were encephalopathies, neurovascular diseases (mainly stroke), GI cancer, and amyotrophic lateral sclerosis (Supplementary Table 1 in Supplementary Material).


TABLE 1. Feeding access.
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Volume, Protein, and Energy Supply

The patients were administered a median total calory provision of 1,250 kcal/day (SD ± 364 kcal); protein, 55.9 g/day (SD ± 19.3 g/day); and volume of 1,000 ml/day (SD ± 268 ml). Median protein provision in patients on STD (0.89/kg/day) was not statistically different from HC (0.94/kg/day) (p = 0.062). PE provided more protein (1.18/kg/day) than STD (p < 0.001) and HC (p = 0.0189). Hypercaloric and protein-enriched formulas (HC-PE) provided more protein (1.67/kg/day) than HC (p < 0.001), PE (p < 0.001), and STD (p < 0.001). The patients on STD were administered higher volumes of EN (23.08 ml/kg/day) than on HC (16.95 ml/kg/day) (p < 0.001), PE (21.18 ml/kg/day) (p = 0.0089), and HC-PE (18.45 ml/kg/day) (p < 0.001). Energy provision for the patients on HC and PE (33.33 kcal/kg/day) was higher than in STD (23.08 kcal/kg/day), HC (25 kcal/kg/day) and PE (23.08 kcal/kg/day) (Figure 1). Similar differences were observed in the subgroup of the patients with cancer; however, the patients on STD were administered similar volume of EN to PE (23.08 vs. 23.81, p = 1.). The neurological patients on PE received less energy than STD, HC, and HC-PE (20 vs. 23.08, 25, 33.33 kcal/kg/day). Approximately, 45.9% of all the patients were provided with less than 1 g/kg/day and 52.46% received less than 25 kcal/kg/day (Table 2 and Supplementary Figures 1-3 in Supplementary Material).
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FIGURE 1. Volume, protein, and energy provision of FSMP.



TABLE 2. Protein and energy provision.
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In the patients with jejunal access (n = 73), mainly jejunostomy (80.82%) oligomeric (61.64%) and polymeric (38.36%) FSMP were used. No significant differences were observed between oligomeric and polymeric diets in protein (0.91 vs. 1.04 g/kg/day), energy (22.67 vs. 25.57 kcal/kg/day) and total volume of FSMP supply (22.67 vs. 23.82 ml/kg/day) (Figure 2).
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FIGURE 2. Provision with protein, energy, and volume. Oligomeric vs. polymeric FSMP.




Administration Method

The patients with gastric access (n = 364) used bolus (74.6%) and continuous (24.45%) feeding. Approximately, 50% of the patients on continuous used pumps. Continuous feeding provided more protein (1.19 vs.96 g/kg/day), energy (26.67 vs. 23.08 kcal/kg/day), and volume (24 vs. 18.57 ml/kg/day) in FSMP (Figure 3).
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FIGURE 3. Provision of protein, energy, and volume of FSMP. Bolus vs. continuous feeding.


The majority of the patients with HEN received more than 100% of RDA of vitamins A, E, K, B1, B12, C and phosphorus, iron, zinc, copper, manganese, molybdenum, selenium, and chromium. Tolerable upper intake levels (UL) were exceeded in.13% of the patients in vitamin A, 4.27% vitamin D, 0.13% vitamin B9, 1.04% for calcium, 55.7% magnesium, 6.35% zinc, 0.13% copper. No patients were treated with doses exceeding UL with vitamin E, B6, molybdenum, selenium, and iodine. No ULs were provided by EFSA for vitamin K, B1, B2, B3, B5, B12, B7, C, sodium, potassium, chloride, phosphorus, iron, manganese, fluorine, and chromium (Figures 4, 5).
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FIGURE 4. Provision of vitamins. (A) all patients, (B) neurology, (C) cancer, (D) others. RDA- recommended daily allowance.
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FIGURE 5. Provision of minerals. (A) all patients, (B) neurology, (C) cancer, (D) others.RDA- recommended daily allowance.





DISCUSSION

HEN in Poland is supervised by specialistic NST, consisting of physicians, nurses, and in units based on the hospital background, also dietitians and pharmacists. Nevertheless, recommended calorie and protein provisions were not reached in a significant number of the patients in our study. More than 43% of the cancer and nearly half of the neurological patients received less than 1g/kg/day of protein and more than half of the cancer and neurological patients received less than 25 kcal/kg/day. It is said that most patients receiving long-term nutritional support benefit from standard diets. However, we have observed that they receive less protein and less energy than those receiving hypercaloric formulas, despite higher amounts of EN compared with those receiving protein enriched. A Spanish study by Ballesteros Pomar and colleagues showed that long-term provision of hypercaloric and protein-enriched diet is associated with improving tolerance of EN and quality of life of cancer and neurological patients (20). In the ICU setting, hypercaloric diets, although enable higher energy provision, are associated with more common regurgitation, vomiting, and higher gastric residual volume with no differences in protein provision and 90-day mortality (21). Interestingly, energy intake in our study was highest in adult patients with cerebral palsy (35 kcal/kg/day). Although data show that the resting metabolic rate of patients with cerebral palsy (CP) may be higher than that of healthy controls (22), most researchers admit that total energy requirements may even be lower than average in most cases because of lower activity due to disability (22–26). Future studies are needed to assess whether long-term nutritional support with high energy intake leads to positive clinical outcomes CP.

Although there are no scientific proofs or guidelines to use oligomeric formulas for EN administered through jejunal access, many practitioners prefer this strategy. We found no difference in protein, energy, or total volume provision between patients receiving polymeric and oligomeric FSMP. However, we are aware that this was an observational study, and the reasons for FSMP choice were not analyzed. The patients on oligomeric diets could have had a previous history of EN intolerance and consequent FSMP modifications. Nevertheless, those observations show that polymeric formulas can be used in patients with jejunal feeding with a similar provision. The influence of oligomeric diets on EN tolerance is not clear, with some studies showing GI symptoms reduction (27, 28) and others showing no influence (29, 30). In studies on experimental models, the absorption of energy and nutrients did not differ between oligo and polymeric diets. Polymeric diets though they had lower osmolarity induced similar intestinal water secretion due to rapid pancreatic hydrolysis. The authors underlined that the osmolarity of diet plays an important role in EN, however, mainly in enteric feeding (31). Several physiological mechanisms in the GI tract are regulating the passage and digestion of the diet and fluids. Energy density, volume, osmolarity, pH, and other factors influence gastric emptying; consequently, the composition of FSMP may not be as valid for patients on gastric feeding, especially in the topic of diarrhea prevention (32). In a recently published consensus survey, surgeons agreed that oligomeric formulas may be useful for surgical patients with short bowel syndrome in the postoperative phase, for patients with diarrhea or malabsorption, after upper gastrointestinal surgery or when the feeding tube is placed distally to the duodenum (33). Other studies suggest the use of oligomeric oral and enteral FSMP for the prevention and treatment of oncology treatment-related diarrhea (34). Most studies on oligomeric diets were conducted in the hospital setting mainly on ICU patients consequently with short-term observations. Study on community EN showed that new high-energy, high-protein and peptide-based formulas can lead to good tolerability and higher energy and protein provision (35). The transition from polymeric formulas to peptide-based formulas reduced gastrointestinal symptoms and health care utilization in HEN patients with EN intolerance in the Mayo Clinic study (36).

Continuous feeding is recommended for EN in patients with jejunal accesses. Patients with gastric access on the other hand can be treated with a bolus or continuous feeding. In our data continuous feeding was associated with a higher protein, energy, and total volume provision in patients with gastric EN. To our best knowledge, there are no prospective randomized studies in long-term HEN to confirm those results. Continuous feeding didnŠt influence the small bowel water fluid content in healthy volunteers; therefore, it is not clear whether this factor may contribute to EN-related diarrhea (37). No difference in tolerance and outcomes was observed in acute stroke patients on EN with continuous vs intermitted feeding (38). On the other hand, the adjusted infusion rate of EN with a feeding pump reduced the risk of respiratory complications caused by aspiration in post-stroke patients requiring EN (39). There was no difference in calorie intake between continuous and bolus feeding in critical illness patients (40). A recent meta-analysis on ICU patients showed that continuous feeding was associated with decreased feeding intolerance and incidence of high gastric residual volume and aspiration risk. However, intermitted feeding was associated with reduced constipation and a higher amount of calory provision (41). Bolus feeding is considered a more physiological method of gastric feeding, easier to manage for physically active patients. Heyland studies show that enteral nutrition intolerance may affect 24% and reduce the intake by 10%. However, those patients were treated in ICU, and intolerance was mostly observed during the first days on EN (18).

Since the median provision of FSMP in our study was relatively low (1,000 ml, and 1,250 kcal/day) underdosing of micronutrients was also expected. Nevertheless, we found that administered vitamin levels were mostly above 100% of RDA. On the other hand, nearly half of the patients did not reach recommended doses of vitamin D, B3, B5, and B9, and more than 20% were not given RDA of vitamin K. Majority of patients received less than RDA of sodium, chloride, calcium, and fluoride. However, those data need to be analyzed with caution since additional fluid administration was not included in the analysis. Tolerable Upper Intake Levels were exceeded in only a few patients considering vitamins A and D. We observed that molybdenum, chromium, copper, and manganese were administered significantly above RDA. EFSA does not provide UL for vitamin K, B1, B2, B3, B5, B12, B7, C, sodium, potassium, chloride, phosphorus, iron, manganese, fluoride, and chromium. In the study of Iacone and colleagues, more than sixty enteral formulas were compared for micronutrients. In some formulas, fluorine and vitamin K requirements were not reached, and on the other hand, other micronutrients like vitamin A, zinc, manganese, and chromium were overdosed in patients receiving 1,500 and 2,000 kcal/day (42). In the study on the Italian HEN population, the macronutrient and micronutrient requirements of the local society of nutrition were covered except for potassium, fluoride, and vitamin K. Mean protein provision was 67 and 63g/day for males and females, respectively. Overdosing of Fe, Zn, Cu, Se, vitamin A, E, B1, B2, B6, and B12 was observed (43). In the study of Henderson, 58% of patients received RDA of vitamins and minerals in enteral nutrition despite median calorie intake being 37.7 kcal/kg/day and 1.4 kg/kg/day of protein. In this study at the time of qualification, 65% received multivitamin supplementation (44).


Study Limitations and Advantages

There are only a few studies showing the real-life experience of FSMP with the discussion on macro and micronutrient provision. Multicenter data collection provides more universal conclusions not influenced by local strategies of NSTs in HEN units. However, due to the observational and retrospective design of the study, it has some limitations. Although we observed interesting conclusions on oligomeric vs. polymeric FSMP or continuous vs. bolus feeding, this was not a randomized prospective study; consequently, hypothetical conclusions rather than definitive statements can be drawn. We additionally did not collect data on FSMP intolerance or any other possible reasons for the selection of FSMP. Moreover, we collected data from medical records, and we were not able to obtain confirmation from the patients about actual diet intakes. Although we analyzed micronutrient provision, we did not collect data on additional supplementation and can only discuss the FSMP-derived sources for vitamins and minerals. No information on the specific health status of the patients was included; consequently, we based on general recommendations for the cancer and neurological patients. We are aware that for patients with cancer, in palliative treatment, the goals and requirements, as well as tolerance of HEN, are different. Similarly, neurological patients may require less energy in their diet due to limited physical activity.




CONCLUSION

Protein and energy provision may be insufficient when STDs are used, even though the volume of STDs is higher than in HC and PE. More than half of the patents are provided with less than 1 g/kg/day of protein in STD and HC. Additionally, more than half of patients with cancer are provided less than 1 g/kg/day and 25 kcal/kg/day with STD. It is possible to administer both polymeric and oligomeric diets to jejunostomy, achieving similar protein, energy, and volume administration of EN. Continuous feeding may be beneficial for some patients with gastric feeding and provide more calories, protein, and volume of FSMP. Although FSMP are mostly providing all required macro and micronutrients, more caution is needed to evaluate specific needs for the patient. Knowledge of specific ingredients of FSMP and advantageous profiles of specific diets may lead to meeting the recommendations. HEN professionals need to analyze all patients’ requirements and provide more tailored matching of EN. This study may be a red flag, signaling a need to focus on several clinical factors like monitoring of actual compliance of FSMP and energy and protein provision in HEN.
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