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Abstract: Severe gastrointestinal symptoms are one of the main reasons for switching from conven-
tional artificial tube feeding to blenderized tube feeding (BTF). This study aimed to describe and
quantify the impact of BTF on gastrointestinal symptoms in children and adults. We analyzed four
databases (PubMed, Scopus, Cochrane Library, and Google Scholar). The review was performed
following the PRISMA extension for Scoping Reviews checklist. The methodological quality of arti-
cles was assessed following the NIH quality assessment tools. The initial search yielded 535 articles
and, after removing duplicates and off-topic articles, 12 met the inclusion criteria. All included
papers unanimously converged in defining an improvement of gastrointestinal symptoms during
blenderized feeding: the eight studies involving pediatric cohorts report a decrease from 30 to over
50% in gagging and retching after commencing BTF. Similar rates are reported for constipation and
diarrhea improvement in most critically ill adults. Experimental studies and particularly randomized
controlled trials are needed to develop robust evidence on the effectiveness of BTF in gastrointestinal
symptom improvement with prolonged follow-up and adequate medical monitoring.

Keywords: blenderized tube feeding; enteral nutrition; gastrostomy; children; disabled; review;
personalized medicine

1. Introduction

Since its introduction in the 1970s, home enteral nutrition (HEN) has been established
as a reliable and effective nutritional intervention [1]. Currently, the method of choice for
medium- and long-term enteral feeding is the gastrostomy tube (G-tube) [2,3], with a wide
range of diets and nutrient preparations suitable for tube feeding [1]. In this context, the
European Society for Clinical Nutrition and Metabolism (ESPEN) through the guidelines
on HEN recently recommended using standard commercial formulas for enteral tube feeds
with the exception of some specific conditions in which blended tube feeds are considered
to be the first choice [1]. Specifically, standard commercial formulas refer to standard
tube feed made of powdered raw materials [4]. Notably, almost all preparations of tube
feedings available on the European market use nutrient isolates (except vegetable oils)
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and concentrates in powder instead of natural foods. The nutrients and food isolates (e.g.,
milk protein) are extracted from foods in these tube feedings but are provided without the
natural food matrix [5].

On the contrary, BTF, also referred to as “blenderized formula” or “homemade blended
formula” and “pureed by g-tube,” consists of whole foods provided through a feeding
tube [6,7]. Products based on real foods, such as milk, meat, and vegetables, are also
commercially available for enteral tube feeding (ETF) [8]. The number of patients receiving
long-term enteral nutrition along with the use of BTF has surged over the last decade. As
per the Oley Foundation members’ survey in 2017, most of the 216 participants, specifically
pediatric (89%) and adult (66%) patients, were consuming BTF partly or totally for their
nutritional needs [9]. Although guidelines currently do not recommend BTF as a first choice
for tube feeding [1], many families still choose BTF over commercial formulas for several
reasons, including severe gastrointestinal (GI) symptoms, intolerance to polymeric enteral
formulas, or food allergies and intolerances [10]. Parenteral nutrition can play a role in
relieving gastrointestinal signs/symptoms especially in children with severe neurological
impairment [11]. However, given its risks and its potential to become inappropriately life
sustaining, clinicians need to consider changes in conventional enteral nutrition, including
blenderized formula.

This study aims to describe and quantify the impact of BTF on GI symptoms of patients
without any age or diagnosis limitations.

2. Methods
2.1. Search Strategy

Supervised by R.O., E.S. performed a systematic literature search of the following
databases: PubMed, Scopus, Cochrane Library, and Google Scholar. Search terms combined
text words and Medical Subject Headings (MeSH), as shown in the Supplementary Table
S1. Search terms included two components: terms referring to enteral tube feeding and
blenderized feeding. No date limit was set. The literature search was conducted in Italy.

2.2. Study Eligibility

Following the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
Extension for Scoping Reviews (PRISMA-ScR) checklist [12] represented in the Supple-
mentary Table S2, and after removing duplicates, all full-text articles were screened by
two independent researchers; any discrepancies were solved in a consensus meeting. The
articles were included if (a) they reported GI symptoms in pediatric and adult populations
fed via blenderized tubes, (b) were freely available, and (c) written in English. Articles only
assessing the nutritional value of formulas and review articles were disregarded.

2.3. Data Collection and Assessment

Data were extracted independently from included studies by two authors (E.S. and
D.L.) according to a predefined data extraction sheet. Probable disagreements were solved
by open discussion between the two authors, and consultation was conducted with a third
author (R.O.).

Included studies were assessed independently by two researchers (E.S. and D.L.). To
assess the methodological quality of all included articles, we chose three versions of NIH
quality assessment tools according to study types. Due to its versatility and completeness,
the NIH tool has been increasingly used in the last years for the quality assessment of
articles for systematic reviews and meta-analyses. Specifically, we used the Cross-Sectional
Study/Observational Cohort/Cross-Sectional Studies tool, Before-After (Pre-Post) Studies
With No Control Group Studies tool, and the Controlled Intervention Studies tool [13,14].
After answering each item, two researchers rated the studies’ overall quality as having a low-
risk bias (good quality), moderate-risk bias (fair quality), or high-risk bias (poor quality).
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3. Results
3.1. Studies Included

The initial literature search yielded 535 potentially relevant articles. After removing
duplicates (n = 150), 340 “full-text” manuscripts were retrieved. Of them, 12 studies met
the inclusion criteria, as shown in Figure 1. The included articles range from 2011 to 2022,
spanning an 11-year period.
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Figure 1. PRISMA diagram for article selection and inclusion in the review.

Regarding the study design, of the total studies, 3 were non-experimental cross-
sectional studies (surveys) [15-17], 4 were observational retrospective studies [18-21],
5 were semi-experimental longitudinal studies [22-25], and there was only 1 RCT [5]. One
study received a financial support from the private sector, specifically from Real Food
Blends [25].
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3.2. Assessment

By focusing on the concepts underlying the questions in the quality assessment tool,
no one reached a good overall quality rating among the three cross-sectional studies.
Specifically, in studies by Johnson et al., Trollip et al., and Hurt et al. [15-17], potential
confounding variables were not measured and statistically adjusted for their impact on
the relationship between exposure and outcome. The included observational retrospective
studies [18-21] had the lowest risk of bias, although there was a lack of blindness for
outcome assessors to the exposure status of participants Table 1. All the semi-experimental
studies [22-25] were susceptible to some bias, reducing the quality of the results concerning
sample size, follow-up loss rate, blinding of outcome assessors, and statistical analysis
(Table 2). Schmidt et al. RCT [5] showed good overall quality. To note, the overall drop-out
rate of participants allocated into the intervention and control groups from the study at the
endpoint was high (44 to 51%, respectively). Appropriate blinding did not occur as it was
not feasible (Tables 3 and 4).

Table 1. Quality Assessment of Included Studies using NIH Quality Assessment Tool for Observa-
tional Cohort and Cross-Sectional * Studies.

Quality (Total

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Qs Q9 Q10 on Q12 Q13 Qu4 Quality Score)
]2%};25*"[‘1 Sf a, oy Y Y Y NR NO NO NO Y NA Y NO NA NO  Fair
gg‘igif[j;?l" Y Y Y Y NR NO NO NO Y NA Y NO NA NO  Fair

?011? f{]a;j, NO Y Y NR NO Y Y NO NO NO Y NO NA NO Poor

S fgt]al" Y Y Y Y NR Y Y Y Y Y Y NO Y NO  Good
ggzr(r)“[z]zf]‘ etal, y Y Y Y NO Y Y Y Y Y Y NO Y NO  Good
gg?;e[l;o‘it oy Y Y Y NO Y Y Y Y Y Y NO Y NO  Good

Fabiani et al., v v Y Y NO Y Y Y Y NO Y NO Y Y Good

2020 [21]

CD: cannot determine; NA: not applicable; NIH: National Institutes of Health; NR: not reported; Y: yes. Q1: Was
study question or objective clearly stated? Q2: Was the study population clearly specified and defined? Q3: Was
the participation rate of eligible persons at least 50%? Q4: Were all the subjects selected or recruited from the
same or similar populations (including the same time period)? Were inclusion and exclusion criteria for being
in the study prespecified and applied uniformly to all participants? Q5: Was a sample size justification, power
description, or variance and effect estimates provided? Q6: For the analyses in this paper, were the exposure(s) of
interest measured prior to the outcome(s) being measured? Q7: Was the timeframe sufficient so that one could
reasonably expect to see an association between exposure and outcome if it existed? Q8: For exposures that
can vary in amount or level, did the study examine different levels of the exposure as related to the outcome
(e.g., categories of exposure, or exposure measured as a continuous variable)? Q9: Were the exposure measures
(independent variables) clearly defined, valid, reliable, and implemented consistently across all study participants?
Q10: Was the exposure(s) assessed more than once over time? Q11: Were the outcome measures (dependent
variables) clearly defined, valid, reliable, and implemented consistently across all study participants? Q12: Were
the outcome assessors blinded to the exposure status of participants? Q13: Was loss to follow-up after baseline
20% or less? Q14: Were key potential confounding variables measured and adjusted statistically for their impact
on the relationship between exposure(s) and outcome(s)?

3.3. Findings in the Pediatric Population

Among studies analyzing GI symptoms’ prevalence in the pediatric population, the
Johnson et al. cross-sectional research reported a lower rate of GI symptoms among BTF
users (60% of 217) rather than SCF users (97% of 214). The most frequently reported GI
problems in children receiving BTF versus SCF was constipation (18.6% vs. 17.8%) followed
by vomiting (13.6% vs. 21%), gas/bloating (11.4% vs. 18.3%), diarrhea (5.4% vs. 11.4%),
nausea (3.9% vs. 14.8%), pain (3.9% vs. 11.7%), and fever (1.1% vs. 2.15%) [15].
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Table 2. Quality Assessment of Included Studies using NIH Quality Assessment Tool for Before-After
(Pre-Post) Studies with No Control Group.

Quality (Total

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 on Q12 Quality Score)

Pentiuk et al., .

2011 [22] Y Y Y Y NO Y Y NA Y NO Y NA Fair

Gallagher

etal, 2018 [23] Y Y Y Y NO Y Y NO Y Y Y NA Good

Hron et al., .

2019 [24] Y Y Y Y NO Y Y NO Y Y NO NA Fair

Spurlock et al., .

2022 [25] Y Y Y Y NO Y Y NO NO Y Y NA Fair
CD: cannot determine; NA: not applicable; NIH: National Institutes of Health; NR: not reported; Y: yes. Q1:Was
the study question or objective clearly stated? Q2: Were eligibility/selection criteria for the study population
prespecified and clearly described? Q3: Were the participants in the study representative of those who would be
eligible for the test/service/intervention in the general or clinical population of interest? Q4: Were all eligible
participants that met the prespecified entry criteria enrolled? Q5: Was the sample size sufficiently large to provide
confidence in the findings? Q6: Was the test/service/intervention clearly described and delivered consistently
across the study population? Q7: Were the outcome measures prespecified, clearly defined, valid, reliable, and
assessed consistently across all study participants? Q8: Were the people assessing the outcomes blinded to the
participants’ exposures/interventions? Q9: Was the loss to follow-up after baseline 20% or less? Were those lost to
follow-up accounted for in the analysis? Q10: Did the statistical methods examine changes in outcome measures
from before to after the intervention? Were statistical tests done that provided p values for the pre-to-post changes?
Q11:Were outcome measures of interest taken multiple times before the intervention and multiple times after
the intervention (i.e., did they use an interrupted time-series design)? Q12: If the intervention was conducted at
a group level (e.g., a whole hospital, a community, etc.) did the statistical analysis take into account the use of
individual-level data to determine effects at the group level?
Table 3. Quality Assessment of Relevant Study using NIH Quality Assessment Tool for Controlled
Intervention Studies.

Quality (Total

Study Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 on Q12 Q13 Q4 Quality Score)

Schmidt et al.,

2018 [5] Y Y Y NO NO Y NO Y Y Y Y NO Y Y Good

CD: cannot determine; NA: not applicable; NIH: National Institutes of Health; NR: not reported; Y: yes. Q1: Was
the study described as randomized, a randomized trial, a randomized clinical trial, or an RCT? Q2: Was the
method of randomization adequate (i.e., use of randomly generated assignment)? Q3: Was the treatment allocation
concealed (so that assignments could not be predicted)? Q4: Were study participants and providers blinded to
treatment group assignment? Q5: Were the people assessing the outcomes blinded to the participants” group
assignments? Q6: Were the groups similar at baseline on important characteristics that could affect outcomes (e.g.,
demographics, risk factors, co-morbid conditions)? Q7: Was the overall drop-out rate from the study at endpoint
20% or lower of the number allocated to treatment? Q8: Was the differential drop-out rate (between treatment
groups) at endpoint 15 percentage points or lower? Q9: Was there high adherence to the intervention protocols for
each treatment group? Q10: Were other interventions avoided or similar in the groups (e.g., similar background
treatments)? Q11: Were outcomes assessed using valid and reliable measures, implemented consistently across
all study participants? Q12: Did the authors report that the sample size was sufficiently large to be able
to detect a difference in the main outcome between groups with at least 80% power? Q13: Were outcomes
reported or subgroups analyzed prespecified (i.e., identified before analyses were conducted)? Q14: Were all
randomized participants analyzed in the group to which they were originally assigned, i.e., did they use an
intention-to-treat analysis?

In Trollip et al.’s survey, a marked improvement of upper GI symptoms was reported
by most caregivers in children after commencing BTF (n = 12). Specifically, the median
score obtained through a novel qualitative questionnaire, developed using items from
a well-validated scale on feeding assessment in the pediatric age, showed a significant
improvement in GI symptoms. Vomiting and nausea frequency changed from “often’ to
‘rare’, and reflux changed from ‘often’ to ‘rare’. An improvement in aspiration rate was
experienced by one-third of the populations analyzed, with only one caregiver reporting a
worsening post-BTF initiation. The reported perceived benefit of BTF on clinical outcomes
included a positive trend in bowel habits (n = 10), specifically in constipation (from “often’
to ‘sometimes’) and diarrhea rates (from ‘rarely’ to ‘never’). Abdominal pain rates remained
primarily unchanged [16].
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Table 4. Features of Included Studies.

Stud Population and Outcome Evaluation Blenderized Diet Prescription Follow-Up
udy Sample Size Method Food—Type Guidelines Period
255 children o
Johnson etal, 50.5% (n = 173) using CF Questionnaire ifniz;igﬁl@:v/;)iglle NR NA
2018 [15] and 49.5% (1 = 82) aaty
: blenderized
using BTF
Homemade (33%) or a
Trollip et al., . . . combination of
2019 [16] 12 children Questionnaire homemade and NR NA
formula (17.5%)
Hurt et al 54 adults 50.5% (n = 30)
2015 [17] v using BTF and Self-designed survey Homemade NR NA
45.5% (n = 24) using CF
Homemade (65%) or
Batsis et al Clinical documentation commercially available 3and 6
2020 [18] v 23 children provided in the blenderized (17.5%) or NR months
medical records a combination of both
(17.5%)
Parent report
Kernizan et al., . Clinical documentation Recipes designed by
2020 [19] 34 children provided in the Homemade dietitians NA
medical records
10 children
All transitioned from an The number of defecations . .
Samela et al., . Commercially available
elemental formula to real and the consistency of . NR NA
2017 [20] . . blenderized
food ingredients each stool
formula (TFRF)
250 adults . S1mp1§ weight-based
103 fed blenderized The number of defecations equation
Fabiani et al., . and the consistency of (25-30 kcal/kg/day) to
natural enteral feeding . Homemade . . 8 days
2020 [21] nd 112 fed each stool according to the calculate daily caloric
2ommercieal formulas Bristol Stool Chart (BSC) target (Atasever et al.,
’ 2018; Taylor et al., 2016)
Pentiuk et al Food Processor
2011 [22] v 33 children Survey Homemade Program (ESHA 2 months
Research, Salem, OR)
Canada’s Food Guide
Gallagher et al., . . . for Healthy Eating.
2018 [23] 20 children Questionnaire Homemade VitamixR 7500 6 months
G-Series blender
Pediatric
Gastroesophageal Reflux
D1sea}se Symptom and Homemade (67%) or Cronometer, a .
Hron et al., 70 children Quality-of-Life commercially available web-based nutrient 1 vear
2019 [24] Questionnaire (PGSQ); (L) blenderize dy database (Revelstoke, b
PedsQL Gastrointestinal British Columbia)
Symptoms Scale
(GI-PedsQL).
14 adults
Spurlok et al., first 2 weeks in CF, . . Commercially available
2022 [25] next 3 weeks partial BTF, Questionnaire blenderized NR 6 weeks
next full BTF
é(l)f,;/ ajslililts commerciall The number of defecations FAO Expert
Schmidt et al., ava(iJlableg roduct base dyon and the consistency of Commercially available ~ Consultation on Energy 1 month
2019 [5] p each stool according to the  blenderized and Protein

real foods and 50% using
standard tube feed

Bristol Stool Chart (BSC)

Requirements (1985)

NA: not applicable, NR: not reported.
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Data on GI symptoms retrospectively collected by Batsis et al. on 23 children switching
from SCM to BTF highlighted an overall improvement. The majority of the included
population (n = 21/23) while on standard enteral formulas complained about upper GI
symptoms, namely gagging (39%), emesis (48%), and chronic cough with concern for
aspiration (4%). Ninety-five percent of them experienced an improvement in the reported
symptoms over a three-month period. BTFs did not decrease the constipation rate in the
patient previously suffering from it, and new onset mild constipation was reported in 21%
(n = 5) of patients [18].

Similar data were reported by Kernizan et al. in 35 highly complex patients, al-
most all (n = 33) suffering from GI symptoms before switching to partial or full BTE.
Sixty percent of them (n = 21/35) experienced a gradual improvement of symptoms dur-
ing the follow-up visits. The most commonly improved symptoms were those related to
gastroesophageal reflux disease (GERD). Two patients had worsening of constipation and
GERD, respectively [19].

Furthermore, Samela et al. reported a reduction in lower GI symptoms in 10 patients
suffering from intestinal failure to absorb macro- and micronutrients, transitioning from
SCF to tube feeding formula with real food ingredients (TFRF). Specifically, stooling patterns
(consistency or volume and number in 24 h) improved in the majority of cases (90%). TFRF
resulted in being well tolerated in children with 3040 cm of small bowel, an intact ileocecal
valve, and at least two-thirds of their colons in continuity [20].

Petniuk et al. reported that fifty-two percent (n = 17/33) of children with fundoplicatio
experienced an extensive decrease (76% to 100%) in gagging and retching after two months
on BTF. No parents reported that their child’s GI symptoms worsened after starting BTF [22].

In a more extended monitoring period of six months for 33 patients, Gallagher et al.
recorded a decrease in gagging and retching from 82% pre-BTF to 47% post-BTF. Between
enrolment and study exit, stool frequency of more than one/day slightly decreased (from
100% to 94%), while stool consistency did not significantly change [23].

In a larger cohort study of Hron et al. on 70 children, participants receiving blenderized
diets compared with those receiving SCF showed fewer GERD symptoms assessed by the
Pediatric Gastroesophageal Symptom and the Quality-of-Life Questionnaire (PGSQ). Fur-
thermore, participants on blenderized diets indicated an overall improved gastrointestinal
function through Pediatric Quality-of-Life Inventory Gastrointestinal Symptoms (PedsQL).
Specifically, less nausea and vomiting (64.0 £ 22.6 vs. 49.0 & 37.9, p = 0.02), less abdominal
pain (65.0 £ 26.8 vs. 56.4 + 33.9, p = 0.04), abdominal upset (71.1 & 26.0 vs. 58.9 +32.7,
p = 0.02), less diarrhea (87.9 £ 15.5 vs. 73.6 & 26.3, p = 0.004), and less worry about stool
(91.5 & 12.8 vs. 81.4 = 30.0, p = 0.05) were reported [24].

3.4. Findings in the Adult Population

In Hurt et al.’s survey, among 54 adults using either BTF (n = 30) or CF (n = 24),
nausea/vomiting was scarcely reported (13%) in both groups. On the contrary, diarrhea
was experienced by 21% of the 24 patients using SCF and by 16% of those using BTF.
Constipation was reported by 6% and 3%, respectively, in the BTF and SCF groups [17].

Over an 8-day-observation window, Fabiani et al. found that roughly half of the
112 critically ill patients (due to cardiac surgery) fed with SCF developed diarrhea, while
this symptom occurred in less than one-third of the 103 patients fed by BTF [21].

In a cohort of adults with head and neck cancer, Spurlock et al. found that all GI
symptoms improved after switching from SCF to BTFE. GI symptoms decreased, particularly
vomiting (31.3% to 12.5%), constipation (31.3% to 12.5%), gas/bloating (50% to 18.8%),
nausea (62.5% to 12.5%), and diarrhea (37.5% to 0%) [25].

Lastly, Schmidt et al. in their RCT provided that in critically ill neurological patients
BTF may considerably reduce the number of watery stools and diarrhea, over a 24-day-
observation of complete enteral nutrition, when compared to fiber-based SCF [5].
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4. Discussion

The sentence “What is old is new again” is particularly true when considering BTF.
While is it ancient like old Egyptians, the popularity and necessity of this type of nutrition
reduced with the emergence of commercial formulas in the middle 20th century. As
technology advanced over the 1960s and 1970s, SCF (for definition, sterile products) began
to replace home-prepared food because of their known nutrient composition and lack of
possible microbial contamination [8]. However, lately, the interest in these individualized
formulas has increased, especially as a request made by caregivers (a way of feeding
perceived more “normal” by the family) [10].

Thirty years ago, the estimated annual prevalence of HEN in the USA was 415 per million
people [26]. The practice of HEN has faced extensive growth over time, especially in the
pediatric population, where the estimated overall prevalence is 3.47 per 100,000 inhabitants
from 0 to 18 years of age [27]. This increase is driven by the rising prevalence of feeding
and swallowing difficulties connected to improved survival rates of children with complex
disabilities and rare genetic conditions [28-32]. In addition to SCF intolerance, one reason
of the emerging interest and use of BFT is the inability to obtain commercial formulas in
some peculiar settings [33]. To date, in some developing economies, such as Iran, for most
hospitals, the traditional blended formulas remain the most widely used option due to
higher affordability [34]. Conversely, in the Medicare and Medicaid context, food-based
products are a second choice, preferred in case of allergy or intolerance to semi-synthetic
formulas [26]. Although SCF guarantees an adequate supply of nutrients, with a low
risk of contamination and device obstruction, intolerance has been reported [10]. The
improvement of this latter concern is reported in multiple studies both in pediatric and
adult populations [8,9,17].

Many aspects have contributed to the re-emergence of BTE. Paramount, for example, is
the improvement in feeding tolerance (reduction in reflux, retching/gagging, constipation).
This, indeed, greatly improved psychosocial aspects related to feeding, like normalizing
mealtimes, allowing patients to participate in food preparation, and allowing caregivers to
fulfill the fundamental role of feeding their child [8]. The BLEND study by Pentiuk et al.
found a clear improvement in the QoL of families in which BTF was adopted [22].

However, some critical points are to be considered by clinicians before initiating BTF.
The patient should be medically stable on a home enteral nutrition regimen, tolerate bolus
feedings, and have access to the necessary equipment to prepare and store food. The
gastrostomy site should be mature and well-maintained, and the gastrostomy tube should
be >14 French to reduce the risk of tube occlusion [8]. Nonetheless, there are some concerns
about BTFE. Food-borne illness, related to the preparation of a “whole food formula”, is a
possible “side effect” that commonly leads clinicians to prefer commercial formula and
represents a reason of concern for patients/caregivers, particularly for critically ill or
immunocompromised patients, such as neonates [35].

Regardless, no available studies demonstrate a connection between higher levels of
bacterial contamination and increased infection rates in BTF [36]. Additionally, a 2020 study
by Milton et al. shows that, when a correct way of preparation of BTF is applied, 88% of
samples meet the criteria for safe food consumption [37].

With regard to contamination concerns, many authors suggest the use of accepted
methods of safe food handling [37], adequate hygiene measures, and the use of comprehen-
sive guidelines for preparation, storage, and transportation of BTF [38,39].

A review based on the adult population showed that BTFs are inappropriate for use
in medically complex patients or those at risk for malnutrition, since BTF seems to be
associated with lower nutrient adequacy, possibly leading to a decline in weight status,
BMI, and upper arm circumference [40]. This aspect could be of concern in more fragile
pediatric patients.

Overall volume tolerance should also be factored in. Given the patient’s level of
volume sensitivity, the patient could not meet the daily caloric and nutrient intake needed
with BTF alone, which is crucial in children’s growth [8]. The BLEND3 study found that
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children needed 1.5-fold calories when on BTF in comparison to SCF to sustain growth.
It is still controversial why a caloric increase is necessary for BTFE. Possible explanations
include differences in thermic effects of feeding, miscalculation of the caloric value of foods,
or changes in food digestion on BTF. However, further investigation is needed to clarify
this point [36].

The most relevant evidence emerging from this research study is that all included
papers unanimously converge in defining an improvement in both upper and lower GI
symptoms during BTF both in the pediatric and adult populations regardless of their
medical conditions. GI symptoms, including diarrhea and abdominal distension, frequently
occur in patients receiving EN, and diverse causes, such as antibiotics, infections, or even
enteral nutrition, may contribute [41].

All included studies showed comparable results, indicating an improvement of HEN
tolerance between patients using BTF. Notwithstanding, experimental studies, particularly
RCTs, are lacking. Adequate methodological quality is only sometimes achieved in the
included studies in this review. In fact, dietetic prescription, as well as concomitant possible
antibiotic administration, are not always described owing to observational biases. To note,
blinding is more difficult to achieve in studies on feeds as less feasible. Additionally, due to
small cohorts, statistical power is lacking.

Despite all the limitations, this review highlights the possible improvement of BTF on
clinical outcomes. It fits into a stream of studies covering most aspects of HEN, including
future strategies to improve environmental sustainability of HEN [42]. Results of studies
on nutritional value, quality of life, and microbial contamination of BTF are not always
consistent, as they do not always show that BTF is more beneficial than SCF.

Notably, BTF is not a good alternative in patients requiring jejunostomy in order to
prevent metabolic complications. Since this feeding route requires the administration of
feeds through a feeding pump, BTF is not recommended [1,43-45].

To conclude, there is a strong consensus agreement on most the appropriate HEN
formula among experts. ESPEN guideline recommends the use of SCF as the first choice,
unless there is the presence of a specific justification for BTF [1]. The absence of standard-
ized BTF formulas may potentially increase the risk of malnutrition due to deficiencies
of micronutrients [9,44] that are fundamental for effective metabolism and biochemical
processes [46,47]. Hence, the importance of an appropriate interdisciplinary management
of BTF, especially by an expert dietitian. A 3-day food diary may be filled in to estimate the
adequate supply of macro- and micronutrients and to prevent weight loss.

5. Conclusions

Empirically, BTF is sometimes preferred to the more conventional CTF because of the
emergence of GI symptoms during enteral nutrition with CTE. Although several studies
conducted on adults and pediatrics report an improvement in GI symptoms’ frequency
during BTF in comparison with CTF, only a few studies report with a high degree of
methodological quality. Considering these findings, experimental research is needed to
develop most robust evidence on this topic that is gaining increasing consideration among
caregivers and patients.

6. Future Directions

Despite the difficulties with blinding and conducting RCTs in feeding studies, more
studies are needed to evaluate the effectiveness of blenderized tube feedings with pro-
longed follow-up period and adequate medical monitoring to ensure optimal delivery and
nutritional standards. In the future, it will be interesting to consider the economic and
eco-sustainable impact of BTF in addition to the evaluation of clinical competence.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/app13042173/s1, Table S1: Methodology of search for articles
evaluated in this Review; Table S2: Preferred Reporting Items for Systematic reviews and Meta-
Analyses extension for Scoping Reviews (PRISMA-ScR) Checklist, From [12].


https://www.mdpi.com/article/10.3390/app13042173/s1
https://www.mdpi.com/article/10.3390/app13042173/s1

Appl. Sci. 2023,13,2173 10 of 12

Author Contributions: Study concept and design: R.O., E.S., D.L. and G.Z. Acquisition of data:
E.S. and R.O. Analysis and interpretation of data: E.S. and D.L. Drafting the manuscript: E.S. and
R.O. Critical revision of the manuscript for important intellectual content: D.R., V.G, E.R. and G.Z.
Conceptualization and editing of the manuscript: R.O., ESS,, D.L., VG., GM,, FP, EMK, C.L,
D.R,IC, CV,ER, A.G. and G.Z. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no competing interest.
Abbreviations

BTF blenderized tube feeding
ESPEN  European Society for Clinical Nutrition and Metabolism

ETF enteral tube feeding

G-tube  gastrostomy tube

HEN home enteral nutrition

SCF standard commercial formula

References

1. Bischoff, S.C.; Austin, P; Boeykens, K.; Chourdakis, M.; Cuerda, C.; Jonkers-Schuitema, C.; Lichota, M.; Nyulasi, I.; Schneider, S.M.;
Stanga, Z.; et al. ESPEN guideline on home enteral nutrition. Clin. Nutr. 2020, 39, 5-22. [CrossRef]

2. Gramlich, L.; Hurt, R.T,; Jin, J.; Mundi, M.S. Home Enteral Nutrition: Towards a Standard of Care. Nutrients 2018, 10, 1020.
[CrossRef]

3. Bering, J.; DiBaise, ]. K. Home Parenteral and Enteral Nutrition. Nutrients 2022, 14, 2558. [CrossRef]

4. Doley, J. Enteral Nutrition Overview. Nutrients 2022, 14, 2180. [CrossRef]

5. Schmidt, S.B.; Kulig, W.; Winter, R.; Vasold, A.S.; Knoll, A.E.; Rollnik, J.D. The effect of a natural food based tube feeding in
minimizing diarrhea in critically ill neurological patients. Clin. Nutr. 2019, 38, 332-340. [CrossRef]

6.  Oparaji, J.A,; Sferra, T.; Sankararaman, S. Basics of Blenderized Tube Feeds: A Primer for Pediatric Primary Care Clinicians.
Gastroenterol. Res. 2019, 12, 111-114. [CrossRef]

7. O’Flaherty, T.; Santoro, K.; Pentiuk, S. Calculating and Preparing a Pureed-by-Gastrostomy-Tube (PBGT) Diet for Pediatric
Patients with Retching and Gagging Postfundoplication. Infant Child Adolesc. Nutr. 2011, 3, 361-364. [CrossRef]

8.  Bobo, E. Reemergence of Blenderized Tube Feedings: Exploring the Evidence. Nutr. Clin. Pract. 2016, 31, 730-735. [CrossRef]

9.  Epp, L.; Lammert, L.; Vallumsetla, N.; Hurt, R.T.; Mundi, M.S. Use of Blenderized Tube Feeding in Adult and Pediatric Home
Enteral Nutrition Patients. Nutr. Clin. Pract. 2017, 32, 201-205. [CrossRef]

10. Bennett, K.; Hjelmgren, B.; Piazza, J. Blenderized Tube Feeding: Health Outcomes and Review of Homemade and Commercially
Prepared Products. Nutr. Clin. Pract. 2020, 35, 417-431. [CrossRef]

11. Ribeiro-Mourao, F; Bertaud, S.; Brierley, J.; McCulloch, R.; Koglmeier, J.; Hill, S.M. Use of home parenteral nutrition in severely
neurologically impaired children. Arch. Dis. Child 2022, 107, 365-370. [CrossRef]

12.  Tricco, A.C.; Lillie, E.; Zarin, W.; O’Brien, K.K.; Colquhoun, H.; Levac, D.; Moher, D.; Peters, M.D.].; Horsley, T.; Weeks, L.; et al.
PRISMA Extension for Scoping Reviews (PRISMA-ScR): Checklist and Explanation. Ann. Intern. Med. 2018, 169, 467-473.
[CrossRef]

13. NHLBI. Available online: https://www.nhlbi.nih.gov/health-topics /study-quality-assessment-tools (accessed on 1 September 2022).

14. Ma, L-L.; Wang, Y.-Y,; Yang, Z.-H.; Huang, D.; Weng, H.; Zeng, X.-T. Methodological quality (risk of bias) assessment tools for
primary and secondary medical studies: What are they and which is better? Mil. Med. Res. 2020, 7, 7. [CrossRef]

15.  Johnson, T.W.; Milton, D.L.; Johnson, K.; Carter, H.; Hurt, R.T.; Mundi, M.S.; Epp, L.; Spurlock, A.L. Comparison of Microbial
Growth Between Commercial Formula and Blenderized Food for Tube Feeding. Nutr. Clin. Pract. 2019, 34, 257-263. [CrossRef]

16. Trollip, A.; Lindeback, R.; Banerjee, K. Parental Perspectives on Blenderized Tube Feeds for Children Requiring Supplemental
Nutrition. Nutr. Clin. Pract. 2020, 35, 471-478. [CrossRef]

17. Hurt, R.T,; Varayil, .E.; Epp, L.M.; Pattinson, A.K.; Lammert, L.M.; Lintz, ].E.; Mundi, M.S. Blenderized Tube Feeding Use in
Adult Home Enteral Nutrition Patients: A Cross-Sectional Study. Nutr. Clin. Pract. 2015, 30, 824-829. [CrossRef]

18. Batsis, I.D.; Davis, L.; Prichett, L.; Wu, L.; Shores, D.; Yueng, K.A.; Oliva-Hemker, M. Efficacy and Tolerance of Blended Diets in

Children Receiving Gastrostomy Feeds. Nutr. Clin. Pract. 2020, 35, 282-288. [CrossRef]


http://doi.org/10.1016/j.clnu.2019.04.022
http://doi.org/10.3390/nu10081020
http://doi.org/10.3390/nu14132558
http://doi.org/10.3390/nu14112180
http://doi.org/10.1016/j.clnu.2018.01.007
http://doi.org/10.14740/gr1192
http://doi.org/10.1177/1941406411423702
http://doi.org/10.1177/0884533616669703
http://doi.org/10.1177/0884533616662992
http://doi.org/10.1002/ncp.10493
http://doi.org/10.1136/archdischild-2021-321850
http://doi.org/10.7326/M18-0850
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
http://doi.org/10.1186/s40779-020-00238-8
http://doi.org/10.1002/ncp.10226
http://doi.org/10.1002/ncp.10368
http://doi.org/10.1177/0884533615591602
http://doi.org/10.1002/ncp.10406

Appl. Sci. 2023,13,2173 11 0f12

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Kernizan, D.; Mintz, D.; Colin, M.; Melanie, L.; Lindsay, Y.; Yen Ping, C.; Elizaveta, I.; Soula, K.; Melissa, W. Outcomes and
Safety of Blenderized Tube Feedings in Pediatric Patients: A Single Center’s Experience. J. Pediatr. Gastroenterol. Nutr. 2020, 71,
e124-e128. [CrossRef]

Samela, K.; Mokha, J.; Emerick, K.; Davidovics, Z.H. Transition to a Tube Feeding Formula with Real Food Ingredients in Pediatric
Patients With Intestinal Failure. Nutr. Clin. Pract. 2017, 32, 277-281. [CrossRef]

Fabiani, A.; Sanson, G.; Bottigliengo, D.; Dreas, L.; Zanetti, M.; Lorenzoni, G.; Gatti, G.; Sacilotto, M.; Pappalardo, A.; Gregori, D.
Impact of a natural versus commercial enteral-feeding on the occurrence of diarrhea in critically ill cardiac surgery patients. A
retrospective cohort study. Int. J. Nurs. Stud. 2020, 108, 103605. [CrossRef]

Pentiuk, S.; O’'Flaherty, T.; Santoro, K.; Willging, P.; Kaul, A. Pureed by gastrostomy tube diet improves gagging and retching in
children with fundoplication. J. Parenter. Enteral. Nutr. 2011, 35, 375-379. [CrossRef]

Gallagher, K.; Flint, A.; Mouzaki, M.; Carpenter, A.; Haliburton, B.; Bannister, L.; Norgrove, H.; Hoffman, L.; Mack, D,;
Stintzi, A.; et al. Blenderized Enteral Nutrition Diet Study: Feasibility, Clinical, and Microbiome Outcomes of Providing Blender-
ized Feeds Through a Gastric Tube in a Medically Complex Pediatric Population. ]. Parenter. Enteral. Nutr. 2018, 42, 1046-1060.
[CrossRef]

Hron, B.; Fishman, E.; Lurie, M.; Clarke, T.; Chin, Z.; Hester, L.; Burch, E.; Rosen, R. Health Outcomes and Quality of Life Indices
of Children Receiving Blenderized Feeds via Enteral Tube. ]. Pediatr. 2019, 211, 139-145. [CrossRef] [PubMed]

Spurlock, A.Y.; Johnson, T.W,; Pritchett, A.; Pierce, L.; Hussey, J.; Johnson, K.; Carter, H.; Davidson, S.L.; Mundi, M.S.; Epp, L.; et al.
Blenderized food tube feeding in patients with head and neck cancer. Nutr. Clin. Pract. 2022, 37, 615-624. [CrossRef]

Howard, L.; Ament, M.; Fleming, C.R.; Shike, M.; Steiger, E. Current use and clinical outcome of home parenteral and enteral
nutrition therapies in the United States. Gastroenterology 1995, 109, 355-365.

Diamanti, A.; Di Ciommo, V.M.; Tentolini, A.; Lezo, A.; Spagnuolo, M.I.; Campanozzi, A.; Panetta, E; Basso, M.S.; Elia, D.;
Gambarara, M. Home enteral nutrition in children: A 14-year multicenter survey. Eur. J. Clin. Nutr. 2013, 67, 53-57. [CrossRef]
American Speech-Language-Hearing Association. Pediatric Feeding and Swallowing. (Practice Portal). Available online:
https:/ /www.asha.org/practice-portal / clinical-topics / pediatric-feeding-and-swallowing/ (accessed on 1 October 2022).
Onesimo, R.; Giorgio, V.; Viscogliosi, G.; Sforza, E.; Kuczynska, E.; Margiotta, G.; Iademarco, M.; Proli, F; Rigante, D.;
Zampino, G.; et al. Management of nutritional and gastrointestinal issues in RASopathies: A narrative review. Am. ]. Med.
Genet. C Semin. Med. Genet. 2022, 190, 478-493. [CrossRef]

Giorgio, V.; Margiotta, G.; Stella, G.; Cicco, ED.; Leoni, C.; Proli, F; Zampino, G.; Gasbarrini, A.; Onesimo, R. Intestinal
Permeability in Children with Functional Gastrointestinal Disorders: The Effects of Diet. Nutrients 2022, 14, 1578. [CrossRef]
Parma, B.; Cianci, P.; Mariani, M.; Cereda, A.; Panceri, R.; Fossati, C.; Maestri, L.; Macchini, F.; Onesimo, R.; Zampino, G.; et al.
Nissen fundoplication in Cornelia de Lange syndrome spectrum: Who are the potential candidates? Am. J. Med. Genet. A 2020,
182,1697-1703. [CrossRef]

Sforza, E.; Onesimo, R.; Leoni, C.; Giorgio, V.; Proli, F.; Notaro, F.; Kuczynska, E.M.; Cerchiari, A.; Selicorni, A.; Rigante, D.; et al.
Drooling outcome measures in paediatric disability: A systematic review. Eur. J. Pediatr. 2022, 181, 2575-2592. [CrossRef]
Johnson, T.W.; Spurlock, A.; Pierce, L. Survey study assessing attitudes and experiences of pediatric registered dietitians regarding
blended food by gastrostomy tube feeding. Nutr. Clin. Pract. 2015, 30, 402—405. [CrossRef] [PubMed]

Jazayeri, S.ML.H.; Ostadrahimi, A.; Safaiyan, A.; Hashemzadeh, S.; Salehpour, F. Standard Enteral Feeding Improves Nutritional
Status Compared with Hospital-Prepared Blended Formula Among Intensive Care Unit (ICU) Patients. Prog. Nutr. 2016, 18,
22-25. Available online: https://mattioli1885journals.com/index.php/progressinnutrition/article/view /4308 (accessed on
1 October 2022).

Steel, C.; Wile, H.; Li, O.; Yedulla, S.; Hare, I.; Hopkins, B. Understanding the use and tolerance of a pediatric and an adult
commercial blenderized enteral formula through real-world data. Nutr. Clin. Pract. 2022, 1-9. [CrossRef]

Chandrasekar, N.; Dehlsen, K.; Leach, S.T.; Krishnan, U. Exploring Clinical Outcomes and Feasibility of Blended Tube Feeds in
Children. . Parenter. Enteral. Nutr. 2021, 45, 685-698. [CrossRef]

Milton, D.L.; Johnson, T.W.; Johnson, K.; Murphy, B.; Carter, H.; Hurt, R.T.; Mundi, M.S.; Epp, L.; Spurlock, A.Y.; Hussey, J.
Accepted Safe Food-Handling Procedures Minimizes Microbial Contamination of Home-Prepared Blenderized Tube-Feeding.
Nutr. Clin. Pract. 2020, 35, 479-486. [CrossRef]

Galindo, C.O.; Beux, M.R.; da Costa, R.L.; Uniat, K.C.; Leobet, J.; Ferreira, S.M.R.; Medeiros, C.O.; Schieferdecker, M.E.M.;
Stangarlin-Fiori, L. Home-Prepared Enteral Tube Feeding: Evaluation of Microbiological Contamination, Hygiene, and the Profile
of the Food Handler. Nutr. Clin. Pract. 2021, 36, 704-717. [CrossRef]

Ojo, O.; Adegboye, A.R.A.; Ojo, O.0.; Wang, X.; Brooke, J. The Microbial Quality and Safety of Blenderised Enteral Nutrition
Formula: A Systematic Review. Int. ]. Environ. Res. Public Health 2020, 17, 9563. [CrossRef]

Brown, T.; Zelig, R.; Radler, D.R. Clinical Outcomes Associated with Commercial and Homemade Blenderized Tube Feedings: A
Literature Review. Nutr. Clin. Pract. 2020, 35, 442-453. [CrossRef]

Barrett, ].S.; Shepherd, S.].; Gibson, P.R. Strategies to manage gastrointestinal symptoms complicating enteral feeding. J. Parenter.
Enteral. Nutr. 2009, 33, 21-26. [CrossRef]

Wayne, N.; Solomon, J.; Martinez Moreno, F.J.; Kocinski, M.; Wyk, ].V.; Hubbard, G.P. A review of home enteral tube feeding
home care service and product provision, with the aim to improve environmental sustainability. Clin. Nutr. ESPEN 2020, 35,
208-252.


http://doi.org/10.1097/MPG.0000000000002853
http://doi.org/10.1177/0884533616661011
http://doi.org/10.1016/j.ijnurstu.2020.103605
http://doi.org/10.1177/0148607110377797
http://doi.org/10.1002/jpen.1049
http://doi.org/10.1016/j.jpeds.2019.04.023
http://www.ncbi.nlm.nih.gov/pubmed/31128885
http://doi.org/10.1002/ncp.10760
http://doi.org/10.1038/ejcn.2012.184
https://www.asha.org/practice-portal/clinical-topics/pediatric-feeding-and-swallowing/
http://doi.org/10.1002/ajmg.c.32019
http://doi.org/10.3390/nu14081578
http://doi.org/10.1002/ajmg.a.61625
http://doi.org/10.1007/s00431-022-04460-5
http://doi.org/10.1177/0884533614564996
http://www.ncbi.nlm.nih.gov/pubmed/25533438
https://mattioli1885journals.com/index.php/progressinnutrition/article/view/4308
http://doi.org/10.1002/ncp.10905
http://doi.org/10.1002/jpen.2062
http://doi.org/10.1002/ncp.10450
http://doi.org/10.1002/ncp.10577
http://doi.org/10.3390/ijerph17249563
http://doi.org/10.1002/ncp.10487
http://doi.org/10.1177/0148607108325073

Appl. Sci. 2023,13,2173 12 0of 12

43.

44.

45.

46.

47.

Zettle, S. Deconstructing Pediatric Blenderized Tube Feeding: Getting Started and Problem Solving Common Concerns.
Nutr. Clin. Pract. 2016, 31, 773-779. [CrossRef] [PubMed]

Bischoff, S.C.; Austin, P; Boeykens, K.; Chuordakis, M.; Cuerda, C.; Jonkers-Schuitema, C.; Lichota, M.; Nyulasi, I.; Schneider, S.M.;
Stanga, Z.; et al. ESPEN practical guideline: Home enteral nutrition. Clin. Nutr. 2022, 41, 468-488. [CrossRef] [PubMed]
Boullata, ].I; Carrera, A.L.; Harvey, L.; Escuro, A.A.; Hudson, L.; Mays, A.; McGinnis, C.; Wessel, ].].; Bajpai, S.; Beebe, M.L.; et al.
ASPEN Safe Practices for Enteral Nutrition Therapy [Formula: See text]. J. Parenter. Enteral. Nutr. 2016, 41, 15-103. [CrossRef]
Kozeniecki, M.; Fritzshall, R. Enteral Nutrition for Adults in the Hospital Setting. Nutr. Clin. Pract. 2015, 30, 634-651. [CrossRef]
[PubMed]

Giles, K.H.; Kubrak, C.; Baracos, V.E.; Olson, K.; Mazurak, V.C. Recommended European Society of Parenteral and Enteral
Nutrition protein and energy intakes and weight loss in patients with head and neck cancer. Head Neck 2016, 38, 1248-1257.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1177/0884533616662993
http://www.ncbi.nlm.nih.gov/pubmed/27562443
http://doi.org/10.1016/j.clnu.2021.10.018
http://www.ncbi.nlm.nih.gov/pubmed/35007816
http://doi.org/10.1177/0148607116673053
http://doi.org/10.1177/0884533615594012
http://www.ncbi.nlm.nih.gov/pubmed/26203073
http://doi.org/10.1002/hed.24427

	Introduction 
	Methods 
	Search Strategy 
	Study Eligibility 
	Data Collection and Assessment 

	Results 
	Studies Included 
	Assessment 
	Findings in the Pediatric Population 
	Findings in the Adult Population 

	Discussion 
	Conclusions 
	Future Directions 
	References

