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Abstract

:

The aim of this exploratory study was to investigate gastrointestinal tolerance and protein absorption markers with a new enteral peptide formula (PF) compared to an isocaloric enteral intact protein standard formula (SF) containing the same amount of protein in ICU patients. Patients admitted to a cardio-thoracic intensive care unit expected to receive tube feeding for ≥5 days were randomized to receive either PF (1.5 kcal/mL) or SF in a double-blind manner for ≤14 days. Twenty-six patients were randomized (13 SF and 13 PF) and 23 (12 SF and 11 PF) completed at least 5 days of product administration. There were no statistically significant differences between the feeds during the first 5 days of intervention for diarrhea (SF:3 (23%); PF:5 (39%), p = 0.388), vomiting (SF:1 (8%); PF:2 (15%), p = 0.549), constipation (SF:7 (54%), PF:3 (23%), p = 0.115), and high gastric residual volume (>500 mL: SF:1 (8%); PF: 2 (15%), p = 0.535). There were no differences in plasma amino acids or urinary markers of protein absorption and metabolism. In conclusion, no major differences were found in tolerability and protein absorption markers between the standard intact protein formula and the peptide formula.
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1. Introduction


Standard intact protein tube feed formula is generally recommended as a first-line treatment for critically ill patients, whilst for those presenting with severe malabsorption, peptide or semi-elemental feeds are suggested [1,2,3,4,5,6]. Nutrient malabsorption is associated with gastrointestinal symptoms, such as diarrhea, bloating, and abdominal pain [7,8]. These complications cause discomfort and more importantly can result in nutrient losses and decreased nutritional intake, which is detrimental to patient recovery [9].



Peptide formulas are based on hydrolyzed protein, requiring less enzymatic breakdown before entering the bloodstream, which could potentially improve absorption and reduce gastrointestinal problems [10].



While there is a lack of clear evidence supporting the general use of peptide-based formulas it is recognized that some patients may benefit from changing to a peptide formula. [2,3,4,5]. For example, Heyland and colleagues proposed a feeding protocol for critically ill patients starting with peptide instead of intact protein feeds [11]. Additionally, ASPEN guidelines suggest considering small-peptide formulas as a second-line treatment in patients with persistent diarrhea and suspected malabsorption or lack of response to fiber [4]. Further research is needed to define the clinical situations in which peptide-based formulas should be prescribed.



Beyond the potential positive effects on gastrointestinal intolerance, benefits of hydrolyzed feeds on protein absorption and nitrogen balance have been suggested [12,13]. This could be relevant for critically ill patients because of their decreased pancreatic secretory capacity [14]. However, studies in this population, comparing parameters of protein absorption and metabolism between intact protein and peptide feeds, are scarce and outcomes are difficult to translate to a typical critically patient. Moreover, studies were performed more than 20 year ago with enteral formulas that are no longer available [13,15].



Irrespective of the type of enteral feed used, most critically ill patients receive less protein than prescribed [16]. Meeting nutritional targets is a challenge and, moreover, available tube-feeding formulas often contain a relatively low proportion of protein. Recognizing that high-protein feeds are paramount to deliver optimal nutrition, a new peptide formula was developed to offer the advantage of peptides with a higher protein content.



The current exploratory study was devised to gain insights in gastrointestinal tolerance and various indicators of protein absorption and utilization with a new peptide formula, compared to a standard intact protein formula with the same protein content in a population of critically ill patients.




2. Materials and Methods


2.1. Study Design


This was a randomized, controlled, double-blind, and parallel-group study. The study was carried out in a cardiothoracic critical care setting at a tertiary hospital center across two sites in London, United Kingdom.



The study protocol was approved by the institutional review board and registered under Dutch trials, registered with the identifier: NL5798 (http://www.trialregister.nl/trialreg (accessed on 9 July 2021)).



Study procedures were performed in accordance with the Declaration of Helsinki ethical principles for medical research involving human subjects. Written informed consent was obtained from patients or their next of kin.



The study population comprised mechanically ventilated patients (age ≥ 18 years) admitted to the ICU. Eligible patients were those expected to require EN starting within 48 h after ICU admission, and continuing for >5 days. Exclusion criteria were a sequential organ failure assessment (SOFA) score of >12, any contraindication to tube nutrition, and abnormalities in the gastrointestinal tract that could impair function. A complete list of inclusion and exclusion criteria is provided in the Supplementary Materials (Table S1).




2.2. Intervention


Patients were randomized within 48 h of admission, to receive either the new peptide formula (PF) or the standard formula (SF) until the end of the ICU stay or for a maximum period of 14 days. Permuted block randomization for either the test or control group was stratified per study location. The randomization sequence was computer-generated by a blinded statistician not involved in data collection or analysis. The randomization code was broken after database lock to enable calculations of the study outcomes. The ready-to-use study products had identical packaging. Patients, investigators, and medical staff were blinded to treatment allocation.



The study products were isocaloric (150 kcal/100 mL) and contained the same amount of protein (7.5 g protein/100 mL). The PF was based on hydrolyzed whey protein with 51% of energy from carbohydrates and 29% from fat. The SF was a commercially available tube feed, based on intact proteins (P4 protein blend: casein, whey, soy, pea; Nutrison Protein Plus Energy, Nutricia, Zoetermeer, The Netherlands). More details on the product compositions can be found in the Supplementary Materials (Table S2).



The study products were administered through a nasogastric tube. Although the sites could adhere to their own feeding protocol and targets, it was recommended to start EN at a rate of 20 mL/h, gradually increasing until the target of 25 kcal/kg bodyweight (BW)/day was achieved. For patients with a BMI > 30 kg/m2, adjusted BMI was used to define the target volume, where adjusted body weight (kg) was calculated as: 30 × (height in meters2). These recommended target volumes were used to define the number of days for which the target was not reached. Supplementary feeding with parenteral nutrition was allowed, if necessary.




2.3. Data Collection


Demographic and medical information including age, sex, height, weight, acute physiology and chronic health evaluation (APACHE) II score, SOFA score, and admission category (medical, surgical, or trauma) were collected at baseline.



The volume of administered study product was recorded daily until ICU discharge or day 14 of intervention. Reasons were recorded for each day that the target intake was not met (start-up period, gastrointestinal problems, medical procedures, intake via other routes, and “other” reasons).



Gastrointestinal tolerance parameters were recorded on a daily basis by use of a questionnaire during the intervention period, including defecation frequency, defecation consistency (according to Bristol Stool Form Scale), gastric residual volume (GRV), and vomiting.



At baseline and day 5, blood samples for determination of serum amino acid concentration were collected in serum separating tubes. The serum samples were stored at −80 °C for analyses at a central laboratory. The content of the individual amino acids was determined in the supernatant by ultra-fast liquid chromatography using a pre-column derivatization with o-phthaldialdehyde and fluorimetry as detection. The samples were analyzed in one batch at the end of the study.



At day 5, urine was collected for 24 h. Three samples of 9 mL were stored at −80 °C until analysis. Total nitrogen was analyzed by measuring urea by enzymatic reaction. P-cresol and phenol were analyzed by high-performance liquid chromatography (HPLC) with fluorometric detection and creatinine by enzymatic reaction and colorimetric detection of the final product after the reaction. 3-Methylhistidine was analyzed by HPLC with mass spectrometry detection.



Adverse events that were probably, possibly, or definitely related to the study product, in the judgment of the treating physician, or not related to the underlying condition were recorded. All serious adverse events (SAEs) were recorded. Adverse event recording continued until the end of the follow-up period (28 days). SOFA scores and samples for analyses of liver and renal function (alkaline phosphatase, ALT, AST, γ-GT, ammonia, creatinine, BUN, and cystatin-C) were collected at baseline, day 5, and at day 14, or on the day of ICU discharge.




2.4. Outcomes


The main outcome parameters in this study were measures of gastrointestinal tolerance including incidence of diarrhea, constipation, vomiting, and high GRV (250 and 500 mL). The incidence of diarrhea was assessed using the daily defecation score (DDS), which is the sum of consistency scores for every evacuation per day. Diarrhea was defined as a DDS of > 15 for at least 1 day or a DDS between 6 and 15 for at least 2 consecutive days (previously described in [17]). Constipation was defined as no bowel evacuation for 72 h.



Study product intake is reported as kcal/kg BW received from study product. The proportion of days at which the target of 25 kcal/kg BW was not reached is reported both as average per subject and as a percentage of all intervention days. Reasons for not reaching the target are reported as percentage of all intervention days.



The focus of the study was on the first 5 days of the intervention period because most measurements were performed at day 5, and it was expected that patient numbers requiring tube feeding would decrease from day 5 onwards. Therefore, the reported data on nutritional intake and tolerance parameters represent the first 5 days of intervention unless otherwise indicated. Data were included until study product intake stopped permanently.



Outcome parameters at day 5 included measurements of serum amino acid concentrations, protein fermentation in the colon measured by urinary p-cresol (mg/24 h) and urinary phenol (mg/24 h) [18,19], whole body protein loss by urinary nitrogen excretion (g/24 h), muscle protein breakdown by 3-methylhistidine (mmol/24 h) and creatinine (mmol/24 h) [20].



Safety assessments included patient medical history, medication use, blood safety parameters (baseline, day 5 and day 14, or on the day of ICU discharge), and adverse events throughout the intervention period and at follow-up (day 28).



Adverse events and blood safety parameters were evaluated in detail per patient in a blinded fashion. In addition to the individual evaluation, blood safety parameters were compared between study groups by use of descriptive statistics including the number of patients with values: (1) outside the normal range, (2) outside the normal range and clinically relevant, (3) clinically relevant and related to the underlying condition. In addition, statistical comparisons were performed for the measured values between and within study groups. See Supplementary Materials Table S5 for an example of the summary statics used.



An independent data monitoring committee (DMC) performed a safety review after 15 patients had completed the study.




2.5. Statistical Analysis


All analyses were performed on the all-subjects treated data set. Thirty patients were planned to be included. No sample size calculation was performed because the goal of this exploratory study was to gain insights in gastrointestinal tolerance and protein absorption which cannot be well defined by a single symptom or value [21]. Therefore, it was decided to evaluate tolerance and protein absorption based on the profile over several parameters.



For continuous outcome parameters, mean ± standard deviation (SD) or median interquartile range (IQR), for skewed distributed data, are reported unless otherwise specified. For incidences, n (%) are reported and compared across the intervention groups using Cochran–Mantel–Haenszel (stratifying for center).



Continuous outcome parameters were analyzed using a 2-way analysis of variance (ANOVA), including the factors center and intervention group. For the comparison of plasma amino acids at day 5, baseline was included as an additional factor. When the normality assumption was not satisfied, nonparametric Van Elteren tests (stratified Wilcoxon–Mann–Whitney test) were performed to compare the intervention groups.



For all outcome parameters, 2-sided p values < 0.05 were considered statistically significant, without corrections for multiple testing. Analyses were performed with SAS software, version 9.4 (SAS Institute Inc, Cary, NC, USA).





3. Results


Patients were recruited between 8 December 2016 and 21 September 2017. In total, 26 patients were randomized, 13 to the PF group and 13 to the SF group. All 26 randomized patients were included in the statistical analyses. Ten patients in the PF group and 11 in the SF group completed the first 5 days of the study. Two patients in the PF group and 6 in the SF group completed the full 2-week intervention period. An overview of the number of patients per intervention day can be found in the Supplementary Materials, Table S6. Patients with a shorter period of study product administration were either discharged from the ICU, died, or stopped receiving study product. Reasons for stopping study product in the PF group included change to normal hospital diet, change to other enteral feed due to presumed need for concentrated feed or fiber, and change to PN, whereas use of other enteral feed, normal hospital diet, and high aspirates volumes were reasons for stopping in the SF group.



3.1. Baseline Characteristics


The groups were well balanced for all baseline characteristics except for some differences in the scores indicating disease severity; the median APACHE II score was higher in the PF group than in the SF group, translating into differences in predicted mortality, whereas, the median SOFA score was higher in the SF group than the PF group. Table 1.




3.2. Study Product Intake and Gastrointestinal Tolerance


Median daily energy intake from study product was 14.6 (IQR: 11.8−15.9) kcal/kg BW with PF versus 16.7 (IQR: 12.2−19.6) kcal/kg BW with SF (p = 0.109). The reported reasons for not reaching the caloric target in the first 5 days are shown in Table 2. See Supplementary Materials, Table S4 for the reasons per intervention day. Almost half of the reasons were in the predefined category “other”, most commonly; tube pulled out, tracheostomy, waiting for surgery, and target according to local protocol met.



There were no statistically significant differences in tolerance parameters (diarrhea, constipation, vomiting, and incidence of high GRV) in the first 5 days (Table 3).



Median time to first defecation was 41 (IQR: 13−66) in the PF group versus 36 (IQR: 6−77) h in the SF group. For the total intervention period, similar outcomes were found in both groups, except for a statistically significantly lower incidence of constipation (3 versus 9 patients, p = 0.023) and a non-significantly lower study product intake in the PF group (12.7 (11.9−17.0) versus 18.1 (13.4−20.7) kcal/kg BW, p = 0.051).




3.3. Plasma Amino Acids and Urine Parameters of Protein Metabolism


Serum concentrations of total amino acids (TAA) did not differ statistically significantly between PF and SF, either at baseline (p = 0.664) or day 5 (p = 0.565). In addition, TAA serum concentrations did not change statistically significantly over time (p = 0.565) (Figure 1).



No statistically significant differences were found between groups for any of the individual amino acids. Urinary p-cresol and urinary phenol did not differ statistically significantly between PF and SF on day 5 (p = 0.520 versus 0.317). Urinary total nitrogen, urinary creatinine, and urinary 3-methylhistidine did not differ statistically significantly between PF and SF on day 5 (Table 4).




3.4. Clinical Outcome Parameters


The clinical outcome parameters including mortality, SOFA score, and durations of ICU stay, hospital stay, and mechanical ventilation did not show any statistically significant differences between the PF and SF groups (Table 5).




3.5. Safety Parameters


A total of 17 adverse events were reported in 10 of the 26 patients included in the study (38.5%): 8 events in 6 patients (46.2%) in the PF group and 9 events in 4 patients (30.8%) in the SF group.



In total, 14 SAEs were reported in 9 of 26 patients (34.6%). None of the serious adverse events were related to the study product.



There were 5 gastrointestinal events in 4 patients: 2 events in 2 patients in the PF group (diarrhea and intestinal ischemia) and 3 events in 2 patients (vomiting and intestinal ischemia) in the SF group. Two mild adverse events, diarrhea (PF group) and vomiting (SF group) were rated as “possibly” and “probably” related to the study product, respectively.



There were two cases of intestinal ischemia in the standard formula group (occurring 8 vs 14 days after first day of study product intake) and one in the control group (occurring 11 days after start study product intake). All 3 cases were unlikely related to the study products as judged by the investigator.



See Supplementary Material, Table S3 for adverse event details.



The recorded laboratory measurements showed an erratic pattern during the course of the study and were evaluated on an individual basis. All clinically relevant measurements outside the normal ranges were considered by the investigator to be related to the underlying condition and not the study product.



There were no statistically significant differences between groups in laboratory parameters measuring changes from baseline to day 5, day 14, or the end of study (day of discharge if discharged before day 14), except for BUN, which showed a statistically significant difference in the change from baseline to the end of study with a higher mean value in the PF group than the SF group (p = 0.021) but not at day 14 (p = 0.200) and ASAT, which showed a significantly greater decrease from baseline to day 14 in the SF group than the PF group (p = 0.020) but not at end of study (p = 0.768).



After evaluation of the semi-blinded interim analysis data (SAEs and mortality) the DMC recommended continuing the study as planned.





4. Discussion


The purpose of this study was to explore tolerance and markers of protein absorption with a new peptide formula compared to a standard EN feed in a complex cardiothoracic ICU patient population.



The results showed no statistically significant differences in gastrointestinal complications, plasma amino acids and urine markers of protein metabolism between the study groups for the first 5 days of intervention.



Study product intake was not statistically significantly different between groups and generally far below target, comparable to the caloric intake reported in other nutrition studies performed in ICU patients [22,23]. For the total intervention period, the caloric intake tended to be lower in the PF group. This difference seems to be caused mainly by low intake related to medical procedures and practical issues, which were frequently reported. Intolerance was only reported in a minority of cases. This is in line with previous reports indicating that feeding interruptions are mostly procedure-related [24].



There were no differences in diarrhea, high GRV, vomiting, and constipation in the first five days. The incidence of constipation was higher in the SF group only when the available data for the total intervention period were included. Although this may indicate a potential effect of the PF on the reduction of constipation, the interpretation of these data is confounded by the fact that in the SF group the average duration of intervention was longer, and influenced by the frequent use of opioid analgesics in both intervention groups. Based on the hypothesized effect of hydrolyzed protein on increasing the absorption of nutrients, the opposite effect is more likely because higher amounts of unabsorbed nutrients in the bowel, are commonly associated with diarrhea [8,25,26]. However, in the current study, no differences were found between groups for this parameter. The available literature on the effects of peptide feeds compared to intact protein feeds on diarrhea show conflicting results Two small pilot studies performed around the 1990s reported a lower incidence of diarrhea [27,28], but these outcomes were not confirmed in two subsequent, larger RCTs, which showed no differences in diarrhea in a similar ICU population [15,29]. Our study results are in line with the two larger RCTs that did not show a difference in diarrhea incidence between a peptide and standard formula.



Some data in non-critically ill patients suggest that PF may enhance gastric emptying rate [30,31], which may result in a lower incidence of vomiting and high gastric retention. Based on the measurements of upper gastrointestinal symptoms and plasma amino acids, there were no indications of such an effect. The difference found in previous studies could have been specific for the comparison with a casein-based standard formula, which could decrease gastric emptying because of coagulation of the protein in the stomach [32].



Independent of gastrointestinal tolerance and nutritional intake, also a direct effect of peptide feeds on protein bioavailability and nutritional status has been suggested [13,28]. Although enhanced protein absorption could be very relevant in critically ill patients in whom endocrine pancreatic insufficiency is common, the markers of protein absorption measured in the current study do not indicate a difference between the feeds. This may indicate that no significant malabsorption was present in this population or, alternatively, that intestinal digestion of proteins was not the limiting factor in protein absorption [8]. The indicators of protein absorption measured in the current study were plasma amino acid levels and urinary markers of protein fermentation in the colon. Plasma amino acid seem to be fairly representative of dietary amino acid bioavailability levels despite influence of endogenous protein breakdown [33]. In addition, it has been shown that a steady state is reached during continuous feeding [34]. Nevertheless, the single measurement done at day 5 of intervention remains a rough indicator of dietary protein bioavailability. To gain additional insights into protein absorption, we measured urinary p-cresol and phenol as surrogate markers of the amount of unabsorbed protein reaching the colon for which the relevance was demonstrated previously [18,19]. Our study showed no differences between SF and PF for these parameters. However, a high interindividual variation was observed. Therefore, the validity and meaning of these outcomes should be further investigated.



Lastly, urine parameters indicative of protein utilization were measured, including urinary nitrogen, 3-methylhistidine, and creatinine. These parameters were similar between groups, which is in line with other studies that showed no difference in total body nitrogen balance or whole-body protein utilization with peptide feeds [15,35].



Several limitations of the current study need to be recognized. The population chosen for this study is one of the most vulnerable patient groups expected to receive the PF. With our population being sicker the typical ICU population. This may limit generalizability of the study findings. High heterogeneity in their medical condition and treatments need to be considered when interpreting the data. Additionally, variation in the duration of intervention, because of death, discharge, and supplemental use of other sources of nutrition, further complicates the comparison between groups. To lessen the influence of variation in these factors. this study focused on the first 5 days of intervention.



A statistically non-significant higher APACHE score was reported for the PF at baseline which may have influenced the outcome parameters. However, the possible impact on the outcomes is difficult to judge, especially because the SOFA score at baseline was higher in the SF group.



Overall, the outcomes of this study should be interpreted with caution because of the small sample size. No strong conclusions should be drawn from these data, which should rather be seen as hypothesis-generating.



Despite these limitations, the results of this study add interesting data to the very limited amount of information from randomized controlled trials comparing hydrolyzed with intact protein formula providing the same amount of protein.




5. Conclusions


In this study the new peptide formula was found to have a tolerance profile comparable to standard tube feeding. This suggests that the new peptide feed is suitable to initiate tube feeding in critically ill patients upon ICU entry, but does not seem to offer benefits compared tube feeding initiation with a standard tube feed on tolerance or protein absorption. Potential advantages in patients with proven malabsorption or persistent intolerance to standard feeds remains to be investigated [36]. For example, a well-designed and adequately powered trial to investigate the effect of PF on diarrhea in patients who do not tolerate standard tube feeds would be of interest. Until more data are available, nutrition experts should rely on their expertise and clinical judgment to select the best feed for their patients.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/nu13072362/s1. Tables S1: In- and exclusion criteria. Tables S2: Study product composition. Tables S3a: Individual data listing of subjects with at least one adverse event—Peptide Formula. Tables S3b: Individual data listing of subjects with at least one adverse event—Standard Formula. Tables S4: Number of patients that did not reach target volume tube feed including reason for each single day. Tables S5: Summary statistics for ASAT (U/L) day 5. Tables S6: Number of patients (n) per intervention day.





Author Contributions


Conceptualization, M.K. and Z.H.; methodology: M.K., Z.H., I.d.B.-A., P.v.H.; investigation, I.d.B.-A., S.K. and E.T.; writing—original draft preparation, M.K.; writing—review and editing, I.d.B.-A., P.v.H., Z.H., E.T. and S.K.; supervision, Z.H.; project administration, P.v.H. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Danone Nutricia Research, Utrecht, The Netherlands.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review Board (protocol number: MPR16TA06066, approval date: 6 September 2016).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Acknowledgments


We would like to thank the extended STEPP team: Alexander Rosenberg, Stephane Ledot, Archana Deepala and Abigail Masdig, Mihaela Gaspar for completion of patient recruitment. We thank Daan van Nieuwenhuijzen for statistical programming and Floor van Oudenhoven for performing the statistical analyses.




Conflicts of Interest


Marianne Klebach, Peter van Horssen, and Zandrie Hofman are employees of Danone Nutricia Research. Ione de Brito-Ashurst has received honoraria from Abbott, Nutricia and BBraun. Eleni Tsompanaki received a small grant from Nutricia to cover the fees of a conference after the recruitment of this study. Sundeep Kaul has no conflicts of interest to declare.




References


	



Dhaliwal, R.; Cahill, N.; Lemieux, M.; Heyland, D.K. The Canadian critical care nutrition guidelines in 2013: An update on current recommendations and implementation strategies. Nutr. Clin. Pract. 2014, 29, 29–43. [Google Scholar] [CrossRef] [PubMed]

	



Kreymann, K.G.; Berger, M.M.; Deutz, N.E.; Hiesmayr, M.; Jolliet, P.; Kazandjiev, G.; Nitenberg, G.; Van den Berghe, G.; Wernerman, J.D.G.E.M.; Ebner, C.; et al. ESPEN Guidelines on Enteral Nutrition: Intensive care. Clin. Nutr. 2006, 25, 210–223. [Google Scholar] [CrossRef] [PubMed]

	



Lochs, H.; Dejong, C.; Hammarqvist, F.; Hébuterne, X.; Leon-Sanz, M.; Schütz, T.; van Gemert, W.; Van Gossum, A.; Valentini, L.; Lübke, H.; et al. ESPEN Guidelines on Enteral Nutrition: Gastroenterology. Clin. Nutr. 2006, 25, 260–274. [Google Scholar] [CrossRef] [PubMed]

	



McClave, S.A.; Taylor, B.E.; Martindale, R.G.; Warren, M.M.; Johnson, D.R.; Braunschweig, C.; McCarthy, M.S.; Davanos, E.; Rice, T.W.; Cresci, G.A.; et al. Guidelines for the Provision and Assessment of Nutrition Support Therapy in the Adult Critically Ill Patient: Society of Critical Care Medicine (SCCM) and American Society for Parenteral and Enteral Nutrition (ASPEN). J. Parenter. Enteral Nutr. 2016, 40, 159–211. [Google Scholar] [CrossRef] [PubMed]

	



Sioson, M.S.; Martindale, R.; Abayadeera, A.; Abouchaleh, N.; Aditianingsih, D.; Bhurayanontachai, R.; Chiou, W.C.; Higashibeppu, N.; Nor, M.B.M.; Osland, E.; et al. Nutrition therapy for critically ill patients across the Asia-Pacific and Middle East regions: A consensus statement. Clin. Nutr. 2018, 24, 156–164. [Google Scholar] [CrossRef]

	



Weimann, A.; Braga, M.; Harsanyi, L.; Laviano, A.; Ljungqvist, O.; Soeters, P.; Jauch, K.W.; Kemen, M.; Hiesmayr, J.M.; Horbach, T.; et al. ESPEN Guidelines on Enteral Nutrition: Surgery including organ transplantation. Clin. Nutr. 2006, 25, 224–244. [Google Scholar] [CrossRef]

	



Chapman, M.J.; Deane, A.M. Gastrointestinal dysfunction relating to the provision of nutrition in the critically ill. Curr. Opin. Clin. Nutr. Metab. Care 2015, 18, 207–212. [Google Scholar] [CrossRef]

	



Clark, R.; Johnson, R. Malabsorption Syndromes. Nurs. Clin. N. Am. 2018, 53, 361–374. [Google Scholar] [CrossRef]

	



Wierdsma, N.J.; Peters, J.H.; Weijs, P.J.; Keur, M.B.; Girbes, A.R.; van Bodegraven, A.A.; Beishuizen, A. Malabsorption and nutritional balance in the ICU: Fecal weight as a biomarker: A prospective observational pilot study. Crit. Care 2011, 15, R264. [Google Scholar] [CrossRef]

	



Silk, D.B. Proteins, peptides and amino acids: Which and when? Nestle Nutr. Workshop Ser. Clin. Perform Programme 2000, 3, 257–271, discussion 271–274. [Google Scholar]

	



Heyland, D.K.; Murch, L.; Cahill, N.; McCall, M.; Muscedere, J.; Stelfox, H.T.; Day, A.G. Enhanced protein-energy provision via the enteral route feeding protocol in critically ill patients: Results of a cluster randomized trial. Crit. Care Med. 2013, 41, 2743–2753. [Google Scholar] [CrossRef]

	



Alexander, D.D.; Bylsma, L.C.; Elkayam, L.; Nguyen, D.L. Nutritional and health benefits of semi-elemental diets: A comprehensive summary of the literature. World J. Gastrointest. Pharmacol. Ther. 2016, 7, 306–319. [Google Scholar] [CrossRef]

	



Ziegler, F.; Nitenberg, G.; Coudray-Lucas, C.; Lasser, P.; Giboudeau, J.; Cynober, L. Pharmacokinetic assessment of an oligopeptide-based enteral formula in abdominal surgery patients. Am. J. Clin. Nutr. 1998, 67, 124–128. [Google Scholar] [CrossRef]

	



Wang, S.; Ma, L.; Zhuang, Y.; Jiang, B.; Zhang, X. Screening and risk factors of exocrine pancreatic insufficiency in critically ill adult patients receiving enteral nutrition. Crit. Care 2013, 17, R171. [Google Scholar] [CrossRef]

	



Mowatt-Larssen, C.A.; Brown, R.O.; Wojtysiak, S.L.; Kudsk, K.A. Comparison of tolerance and nutritional outcome between a peptide and a standard enteral formula in critically ill, hypoalbuminemic patients. J. Parenter. Enteral Nutr. 1992, 16, 20–24. [Google Scholar] [CrossRef] [PubMed]

	



Petros, S.; Engelmann, L. Enteral nutrition delivery and energy expenditure in medical intensive care patients. Clin. Nutr. 2006, 25, 51–59. [Google Scholar] [CrossRef]

	



Jakobsen, L.H.; Wirth, R.; Smoliner, C.; Klebach, M.; Hofman, Z.; Kondrup, J. Gastrointestinal tolerance and plasma status of carotenoids, EPA and DHA with a fiber-enriched tube feed in hospitalized patients initiated on tube nutrition: Randomized controlled trial. Clin. Nutr. 2017, 36, 380–388. [Google Scholar] [CrossRef] [PubMed]

	



Evenepoel, P.; Claus, D.; Geypens, B.; Hiele, M.; Geboes, K.; Rutgeerts, P.; Ghoos, Y. Amount and fate of egg protein escaping assimilation in the small intestine of humans. Am. J. Physiol. 1999, 277, G935–G943. [Google Scholar] [CrossRef] [PubMed]

	



Geypens, B.A.; Claus, D.; Evenepoel, P.; Hiele, M.; Maes, B.; Peeters, M.; Ghoos, Y. Influence of dietary protein supplements on the formation of bacterial metabolites in the colon. Gut 1997, 41, 70–76. [Google Scholar] [CrossRef] [PubMed]

	



Elia, M.; Carter, A.; Bacon, S.; Winearls, C.G.; Smith, R. Clinical usefulness of urinary 3-methylhistidine excretion in indicating muscle protein breakdown. Br. Med. J. 1981, 282, 351–354. [Google Scholar] [CrossRef] [PubMed]

	



Blaser, A.R.; Malbrain, M.L.; Starkopf, J.; Fruhwald, S.; Jakob, S.M.; De Waele, J.; Spies, C. Gastrointestinal function in intensive care patients: Terminology, definitions and management. Recommendations of the ESICM Working Group on Abdominal Problems. Intensive Care Med. 2012, 38, 384–394. [Google Scholar] [CrossRef] [PubMed]

	



Compher, C.; Chittams, J.; Sammarco, T.; Nicolo, M.; Heyland, D.K. Greater Protein and Energy Intake May Be Associated With Improved Mortality in Higher Risk Critically Ill Patients: A Multicenter, Multinational Observational Study. Crit. Care Med. 2017, 45, 156–163. [Google Scholar] [CrossRef]

	



Elke, G.; Wang, M.; Weiler, N.; Day, A.G.; Heyland, D.K. Close to recommended caloric and protein intake by enteral nutrition is associated with better clinical outcome of critically ill septic patients: Secondary analysis of a large international nutrition database. Crit. Care 2014, 18, R29. [Google Scholar] [CrossRef]

	



Lee, Z.Y.; Ibrahim, N.A.; Mohd-Yusof, B.N. Prevalence and duration of reasons for enteral nutrition feeding interruption in a tertiary intensive care unit. Nutrition 2018, 53, 26–33. [Google Scholar] [CrossRef]

	



Jeppesen, P.B. Spectrum of short bowel syndrome in adults: Intestinal insufficiency to intestinal failure. J. Parenter. Enteral Nutr. 2014, 38 (Suppl. 1), 8s–13s. [Google Scholar] [CrossRef] [PubMed]

	



Nikfarjam, M.; Wilson, J.S.; Smith, R.C. Diagnosis and management of pancreatic exocrine insufficiency. Med. J. Aust. 2017, 207, 161–165. [Google Scholar] [CrossRef]

	



Brinson, R.R.; Kolts, B.E. Diarrhea associated with severe hypoalbuminemia: A comparison of a peptide-based chemically defined diet and standard enteral alimentation. Crit. Care Med. 1988, 16, 130–136. [Google Scholar] [CrossRef] [PubMed]

	



Meredith, J.W.; Ditesheim, J.A.; Zaloga, G.P. Visceral protein levels in trauma patients are greater with peptide diet than with intact protein diet. J. Trauma 1990, 30, 825–828, discussion 828–829. [Google Scholar] [CrossRef] [PubMed]

	



Jakob, S.M.; Bütikofer, L.; Berger, D.; Coslovsky, M.; Takala, J. A randomized controlled pilot study to evaluate the effect of an enteral formulation designed to improve gastrointestinal tolerance in the critically ill patient-the SPIRIT trial. Crit. Care 2017, 21, 140. [Google Scholar] [CrossRef]

	



Fried, M.D.; Khoshoo, V.; Seeke, D.J.; Gilday, D.L.; Ash, J.M.; Peneharz, P.B. Decrease in gastric emptying time and episodes of regurgitation in children with spastic quadriplegia fed a whey-based formula. J. Pediatr. 1992, 120 Pt 1, 569–572. [Google Scholar] [CrossRef]

	



Viall, C.; Porcelli, K.; Teran, J.C.; Varma, R.N.; Steffee, W. A double-blind clinical trial comparing the gastrointestinal side effects of two enteral feeding formulas. J. Parenter. Enter. Nutr. 1990, 14, 265–269. [Google Scholar] [CrossRef] [PubMed]

	



van den Braak, C.C.; Klebach, M.; Abrahamse, E.; Minor, M.; Hofman, Z.; Knol, J.; Ludwig, T. A novel protein mixture containing vegetable proteins renders enteral nutrition products non-coagulating after in vitro gastric digestion. Clin. Nutr. 2013, 32, 765–771. [Google Scholar] [CrossRef] [PubMed]

	



Dangin, M.; Boirie, Y.; Garcia-Rodenas, C.; Gachon, P.; Fauquant, J.; Callier, P.; Beaufrère, B. The digestion rate of protein is an independent regulating factor of postprandial protein retention. Am. J. Physiol. Endocrinol. Metab. 2001, 280, E340–E348. [Google Scholar] [CrossRef] [PubMed]

	



Liebau, F.; Király, E.; Olsson, D.; Wernerman, J.; Rooyackers, O. Uptake of dietary amino acids into arterial blood during continuous enteral feeding in critically ill patients and healthy subjects. Clin. Nutr. 2021, 40, 912–918. [Google Scholar] [CrossRef]

	



Steinhardt, H.J.; Wolf, A.; Jakober, B.; Schmuelling, R.M.; Langer, K.; Brandl, M.; Adibi, S.A. Nitrogen absorption in pancreatectomized patients: Protein versus protein hydrolysate as substrate. J. Lab. Clin. Med. 1989, 113, 162–167. [Google Scholar]

	



Mundi, M.S. Reduction in health care utilization with transition to peptide based diet in intolerant home enteral nutrition patients. Nutr. Clin. Pract. 2020, 35, 487–494. [Google Scholar] [CrossRef]








[image: Nutrients 13 02362 g001 550] 





Figure 1. Plasma amino acid concentration. Total plasma amino acid concentration (µmol/L) at baseline and day 5 comparing the peptide formula (PF) and the standard formula (SF) groups. Baseline: SF; n = 12, PF; n = 11. Day 5: SF; N = 11 and PF n = 10. Box plot interpretation: ○ or + average value, −: median, rectangle bottom: quartile 1 cut point (25th percentile), rectangle upper: quartile 3 cut point (75th percentile); 0 or +: outliers more than 1.5 times IQR above quartile 3 or below quartile 1, T: highest or lowest level not being an outlier. Statistical analyses based on a 2-way analysis of variance (ANOVA) with treatment and center as factors. 
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Table 1. Baseline characteristics.






Table 1. Baseline characteristics.





	

	

	
SF

(N = 13)

	
PF

(N = 13)

	
p-Value 1






	
Sex (male)

	
n (%)

	
6 (46.2%)

	
8 (61.5%)

	
0.695




	
Age (years)

	
Mean (SD)

	
54.5 (16.8)

	
56.5 (18.8)

	
0.786




	
BMI (kg/m2)

	
Mean (SD)

	
27.40 (4.98)

	
29.25 (5.63)

	
0.383




	
Admission diagnosis

	

	

	

	
1.000




	
  Medical

	
n (%)

	
8 (61.5%)

	
9 (69.2%)




	
  Surgical non-trauma

	
n (%)

	
4 (30.8%)

	
4 (30.8%)




	
  Trauma non-surgical

	
n (%)

	
1 (7.7%)

	
0 (0.0%)




	
SOFA score

	
Median [IQR]

	
10 (8−11)

	
7 (6−11)

	
0.286




	
APACHE II score

	
Median [IQR]

	
21 (16−24)

	
26 (18−28)

	
0.353




	
Predicted mortality (%)

	
Mean (SD)

	
37.55 (19.97)

	
46.58 (22.86)

	
0.294




	
Adjusted predicted mortality (%)

	
Mean (SD)

	
23.4 (17.5)

	
35.8 (26.0)

	
0.164








¹ p-value for numeric variables is based on T-test, for categorical variables on Fisher’s exact test.
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Table 2. Listing of reasons for target not reached.






Table 2. Listing of reasons for target not reached.





	

	
Total

(N = 26)

	
SF

(N = 13)

	
PF

(N = 13)






	
Total no. days

	
123

	
62

	
61




	
Total % of days target not reached

	
86.2%

	
82.3%

	
90.2%




	
Reported reasons 1

	




	
Start-up period, n (%)

	
23.6%

	
22.6%

	
24.6%




	
Symptoms of intolerance, n (%)

	
7.3%

	
4.8%

	
9.8%




	
Medical investigation, n (%)

	
12.2%

	
9.7%

	
14.8%




	
Energy intake other routes, n (%)

	
10.6%

	
4.8%

	
16.4%




	
Other 2, n (%)

	
42.3%

	
45.2%

	
39.3%








1 Reasons are based on daily recording with predefined categories. Reported as % of total number of days. More than one reason could per reported per day. 2 Other reasons included: tube pulled out, tracheostomy, waiting for surgery, and target according to local protocol met.
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Table 3. Incidence of gastrointestinal tolerance symptoms 1.
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SF

(N = 13)

	
PF

(N = 13)

	
p Value 4






	
Diarrhea 2

	
n (%)

	
3 (23.1%)

	
5 (38.5%)

	
0.388




	
Constipation 3

	
n (%)

	
7 (53.8%)

	
3 (23.1%)

	
0.115




	
Vomiting

	
n (%)

	
1 (7.7%)

	
2 (15.4%)

	
0.549




	
GRV > 250 mL

	
n (%)

	
5 (38.5%)

	
4 (30.8%)

	
0.691




	
GRV > 500 mL

	
n (%)

	
1 (7.7%)

	
2 (15.4%)

	
0.535








1 Incidence is defined as the number (%) of patients who experienced at least one event during the first 5 days of the intervention period. 2 Diarrhea is defined as DDS > 15 for at least 1 day and/or a DDS ≥6 for at least 2 consecutive days. 3 Constipation is defined as no bowel evacuation within 72 h. 4 p value derived from Cochran–Mantel–Haenszel (stratifying for center). GRV: Gastric residual volume.
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Table 4. Urinary parameters.






Table 4. Urinary parameters.












	
	
	SF

(N = 13)
	PF

(N = 13)
	p Value 1





	
	
	n = 8
	n = 9
	



	p-Cresol (mg/24 h)
	Median (Q1−Q3)
	21 (10−54)
	48 (6−151)
	0.520



	Phenol (mg/24 h)
	Median (Q1−Q3)
	1 (0−22)
	0 (0−2)
	0.317



	Total nitrogen (g/24 h)
	Median (Q1−Q3)
	18 (9−20)
	15 (5−23)
	0.981



	Nitrogen balance (g)
	Median (Q1−Q3)
	−46 (−56−13)
	−38 (−57−49)
	0.548



	Creatinine (mmol/24 h)
	Median (Q1−Q3)
	5 (3−9)
	4 (2−8)
	0.924



	3-Methylhistidine (µmol/24 h)
	Median (Q1−Q3)
	268 (106−345)
	262 (32−390)
	0.775







1 Based on van Elteren test (stratified for center).
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Table 5. Clinical outcome parameters.






Table 5. Clinical outcome parameters.












	
	
	SF

(N = 13)
	PF

(N = 13)
	p Value





	Mortality rates (28 days)
	n (%)
	4 (30.8%)
	4 (30.8%)
	0.930 1



	Duration of ICU stay (days)
	Mean (SD)
	12.7 (6.0)
	14.5 (8.2)
	0.539 2



	Duration of hospital stay (days)
	Median (Q1−Q3)
	16 (10−29)
	29 (17−29)
	0.361 3



	Duration of first ventilation period (days)
	Median (Q1−Q3)
	10 (8−14)
	11 (6−14)
	0.618 3



	SOFA score (at Day 5)
	Median (Q1−Q3)
	7 (5−10)
	6 (5−10)
	0.713 3







1 Time to death tested with Cox proportional hazards regression analysis with study product and stratification factor. 2 Based on a 2-way analysis of variance (ANOVA) with treatment and center as factors. 3 Based on van Elteren test (stratified for center).
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