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ABSTRACT

Objective

The present study assessed the differences in nutritional markers (albumin, transferrin, total body fat, and body
mass index) and clinical complications (diarrhea, vomiting, and diet interruptions) associated with enteral nutrition.

Methods

This is an open-label, randomized, two-arm parallel-group controlled clinical trial. Out of 105 patients assessed for
eligibility, 35 adult patients were randomly divided into two groups and followed for 28 days. The sample comprised a
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heterogeneous group of severely ill individuals initially treated in the intensive care units. Neurological conditions (i.e.,
strokes and brain tumours) were the most common reasons for hospitalization. Patients had one singularity: the clinical
need for exclusive enteral nutrition therapy. One group received the diet via gastric tube and the other via a post-pyloric
tube.

Results

The groups presented increases in the calories prescribed and administered, as well as reduced diet discontinuation.
Although similar values were observed up to day 21, the post-pyloric group showed increased albumin levels compared
to the gastric group on Day 28. Transferrin levels increased over time in both groups.

Conclusion

There were no differences in the complications recorded between groups, albeit serum albumin significantly increased
in the post-pyloric group.

Keywords: Clinical trial. Enteral nutrition. Feeding methods. Gastrointestinal intubation. Intensive care units. Nutritional
support.

RESUMO

Objetivo

Avaliar diferengas tanto nos marcadores nutricionais (albumina, transferrina, gordura corporal e indice de massa
corporal) quanto nas complicacées clinicas (diarreia, vémitos e interrupcoes na dieta) associadas a nutricdo enteral
administrada através de duas vias tradicionars.

Métodos

Este é um ensaio clinico de tratamento, paralelo de dois bracos, aberto e randomizado controlado. Dos 105 participantes
avaliados para elegibilidade, 35 pacientes adultos foram divididos aleatoriamente em dois grupos e sequidos por 28
dias. A amostra foi formada por um grupo heterogéneo e gravemente enfermo, tratados inicialmente em unidades de
terapia intensiva. Condicées neurolégicas, como acidente vascular e tumores cerebrais foram as razées principais para
hospitalizagdo. Os pacientes tinrham em comum um aspecto, a saber, a necessidade clinica exclusiva de receber nutricdo
enteral. Um grupo recebeu a dieta via sonda gastrica e o outro através de sonda pos-pildrica.

Resultados

Os grupos apresentaram aumento de calorias prescritas e administradas, bem como reducdo da descontinuacdo da
dieta. Embora valores semelhantes tenham sido observados até o 21° dia, o grupo pos-pildrico apresentou aumento dos
niveis de albumina em relacdo ao grupo gastrico no dia 28. Os niveis de transferrina aumentaram ao longo do tempo
em ambos 0s grupos.

Conclusao

N&o houve diferencas nas complicacées registradas entre os grupos, embora niveis séricos de albumina aumentaram
significativamente no grupo pds-pildrico.

Palavras-chave: Ensaio clinico. Nutricdo enteral. Técnicas de Alimentacdo. Intubacdo grastrointestinal. Unidades de
terapia intensiva. Suporte Nutricional.

INTRODUCTION

Considering the specific needs for adequate nutrition in hospitalized patients, a diverse set of
techniques are used for administrating nutritional diets in various clinical situations. Patients with difficulties
in obtaining adequate oral nutrition are often subject to gastrointestinal tubes. Data from several institutions
shows marked nutritional depletion, which impacts almost 50% of hospitalized patients [1,2]. Indeed,
malnutrition affects between 40%-60% of admitted patients in Latin America, resulting in a 61% increase
in the hospitalization costs when compared to well-nourished patients [3].
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An aggravating factor is the improper diagnosis of malnutrition, which may well worsen during
hospitalization [4,5]. Disease-associated malnutrition is characterized by the insufficient intake, use,
or absorption of nutrients/energy, and it is affected by factors such as age, functional disability, and
comorbidities, thus leading to rapid weight loss and organic dysfunction [6]. For these reasons, hospitalized
patients receive special attention by multidisciplinary nutritional therapy teams [7,8]. After concluding
the nutritional assessment, plans and adaptations must envision the patient’s best care until discharge
[9]. In some circumstances, Enteral Nutrition Therapy (ENT) is required when patients cannot or should
not eat orally, or when the oral intake is insufficient. ENT consists in administering nutrients through the
gastrointestinal tract using a tube, probes, or ostomies located in the digestive tract. ENT should be the first
option of treatment for patients with nutritional risk or those already malnourished [10-12].

Despite the great need for the use of enteral diets in Brazil and their regulations, there is no data
that accurately describes the estimates of ENT application in hospitalized patients [13]. Moreover, there is no
consensus about the best position for the enteral tube when administrating these diets, which often require
rapid clinical judgment or are based in the availability of resources at institutions [14]. For instance, both
the American Society for Enteral Nutrition and the European Society for Clinical Nutrition and Metabolism
recommend the post-pyloric route for patients with risk for pneumonia. However, the post-pyloric enteral
tube requires some expertise, and is thus associated with delays in starting ENT [15,16].

For intensive care health professionals, malnutrition must be tackled accordingly to avoid further
complications and evidence is needed to support doctors’ decisions when administering ENT [12,17].
Consequently, the present study aims to assess the differences in both nutritional markers (albumin,
transferrin, total body fat, and body mass index) and clinical complications (diarrhea, vomiting, and diet
interruptions) associated with ENT administered via the two traditional routes already described. Our
investigation builds upon past international research and differs from previous national studies as several
clinical and nutritional outcomes were assessed at different time points in adults admitted to Intensive Care
Units (ICU).

METHODS

This is an open-label, randomized, two-arm parallel-group controlled clinical trial. Out of the 105
participants assessed for eligibility, 35 patients were selected, randomly divided into two groups and
followed for 28 days (Figure 1). The sample comprised a heterogeneous group in terms of age, sex, and
socioeconomic status. Most of these patients were seriously ill and started treatment in the intensive
care units. Neurological conditions (i.e., strokes and brain tumours) were the most common reasons
for hospitalization. Nonetheless, patients had one singularity: the clinical need for exclusive enteral
nutrition therapy. Patients were excluded when transferred to other hospitals or when another route
of diet provision was suggested. One group received the diet via gastric tube (n=17) and the other
via a post-pyloric tube (n=18). As a method of randomization, patients were allocated in one of the
groups according to chronological, not clinical, order — i.e., odd numbers received ENT in the post-
pyloric group and even numbers were allocated in the gastric group. Patients were in treatment at a
Hospital in the municipality of Francisco Beltrdo (PR), and the study was approved by a Research Ethics
Committee (Western Parana State University, approval number 2.311465) and registered as a clinical
trial (RBR-6TNM7D) at the Registro Brasileiro de Ensaios Clinicos (Brazilian Record of Clinical Trials). Consent
forms were obtained from all participants.
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Figure 1 - Consort flow diagram.

At the time of hospital admission, data on gender, age, weight, height, diagnosis, and Body Mass
Index (BMI) were considered for the diet planning. Diets for the post-pyloric and gastric groups resulted on an
average of 1275,7+252,5kcal/day and 1346,2+296,3kcal/day, respectively. The volumes of both prescribed
and administered diets were recorded daily. Serum glycemia was taken into consideration when selecting
diets. Jevity hical 1.5kcal/mL was used for non-diabetic patients, while Glucerna 1.0kcal/mL was prescribed
for those with confirmed diagnosis of diabetes mellitus or for those with two consecutive hyperglycemic
tests performed six hours apart (blood glucose >180mg/dL). Both formulations contained 17% protein
(100% of those from calcium and sodium caseinate [Glucernal, and 72% of sodium caseinate, 17% of soy
protein isolate, and 11% of calcium caseinate [Jevity hical]).

The placement of the tubes followed the protocol from the institution’s nutritional therapy
multidisciplinary team. In summary, the head of the bed was raised to a 45° Fowler’s position. The head was
moved to the right lateral decubitus. Measurements and markings of the distancing between the earlobe
and the xiphoid appendix, and between the tip of the nose and the base of the xiphoid appendix were
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performed, adding additional 15 to 30cm. Water was then injected into the probe and the physician was
asked to use prokinetic agents [18]. The probe was inserted into one of the nostrils until the desirable position.
Signs of cyanosis, dyspnoea, and cough were observed. The positions of the tubes were confirmed by X-rays
and examinations by the physicians. Diets were then administered by a closed system through continuous
pump infusion; velocity started with 21mL per hour, progressing according to patients’ acceptance and
protocol standards [19]. The Dobbhoff 12 enteral probe was used for both groups.

Serum albumin and transferrin were collected by the nursing team every week. Anthropometric
data were provided by tetra-polar electrical bioimpedance, using body fat percentage and BMI as markers.
Electrical bioimpedance was used to estimate the lean mass, fat mass, BMI, basal metabolic rates, and total
body water; electrodes were placed in established locations [20]. As some patients had body edema, five
measurements of body fat percentage were taken. The complications recorded were diarrhea (e.g., three
or more liquid or semi-liquid evacuations in a 24-hour period), vomiting/abdominal distension, and diet
interruptions (determined according to the institution’s protocol and implemented by the on-call nurse with
the agreement of the on-call physician). These data were collected at the time of admission, on the seventh
day, on the fourteenth day, on the twenty-first day, and on the twenty-eighth day.

Measures of central tendency and dispersion were used for descriptive purposes. The data distribution
was tested using the Shapiro-Wilk test. Thus, variables that were normally distributed were analysed with
parametric tests. When the assumption of normality was not met, nonparametric tests or logarithmic
adjustments were used. To compare patients’ baseline data, either the Student’s t-test or the Mann-Whitney
test were used. The comparison of the variables between groups over time was performed by a 2x4 or
2x5 factorial ANOVA's. We also tested for ANOVA's assumptions (i.e., data homogeneity and sphericity via
Levene and Mauchly tests, respectively). In case of violation of sphericity, the Greenhouse-Geisser correction
was applied. The Bonferroni’s post-hoc test was utilized to identify the differences; analyses were performed
in SPSS (IBM® SPSS® Statistics Inc., Chicago, lllinois, United States), version 24.

RESULTS

The participants’ age ranged from 18 to 83 years-old (M=61.4, SD=15.4), with no difference between
groups (¢, ,,=0.63, p=0.537). 60% of the sample was comprised by men, albeit no statistically significant
difference was present between groups (X*,=0.68, p=0.41). In both groups, haemorrhagic stroke was
the main cause of hospitalization (27.8% in the post-pyloric and 29.5% in the gastric group). Groups’
characteristics at the beginning of the study are presented in Table 1. Lines one to six represent the mean
values obtained from days zero to seven. No statistically significant differences were observed between the
post-pyloric and gastric groups at baseline. Nonetheless, the prescribed and administered diets, and the
number of dietary interruptions, revealed statistically significant variations over the follow-up period
(Table 2). Both groups showed increased number of calories prescribed and administered while also
demonstrating less diet discontinuations. Increasing reports of diarrhea over time in both groups were
present (p=0.022).

The Table 3 contains data on body composition and blood parameters. Among the blood parameters,
there was a reduction in haemoglobin (p=0.011) and creatinine (p=0.007), as well as an increase in
transferrin (p=0.003) over time and similarly for both groups. However, the group versus time interaction
was observed in relation to albumin (p=0.002). Although similar values were observed up to the 215 day,
the post-pyloric group showed an increase in albumin levels compared to the gastric group on day 28.
While the BMI decreased significantly in both groups over time (p<0.001), there was a trend toward
increasing percentages of body fat during the study (p=0.086), possibly indicating nutritional recovery
for both groups.
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Table 1 — Group comparisons of investigated variables at baseline. Francisco Beltréo, PR, Brazil, 2019.

Variables Post-pyloric (n=18) Gastric (n=17) p value
Prescribed diet (kcal/day) 1275.7+252.5 1346.2+296.3 0.453"
Administered diet (kcal/day) 1228.3+254.2 1.73.5+295.5 0.630"
Diet administered according to prescribed (%) 96.3£5.4 94.7+8.6 0.516"
Diet interruption (n) 0.89+1.13 1.06£1.25 0.749""
Diarrhea record (n) 1.00+1.37 0.76+1.25 0.555""
Vomit record (n) 0.33+0.84 0.12+0.33 0.625"
Body mass index (kg/m?) 29.6+4.2 29.4+5.6 0.901"
Relative fat (%) 16.0£9.4 17.3+10.4 0.701"
Hemoglobin (g/dL) 10.3+2.9 10.842.1 0.614"
Creatinine (mg/dL) 2.01x1.71 1.97+1.81 0.958"
Albumin (g/dL) 2.90+0.50 3.10+0.51 0.250"
Transferrin (mg/dL) 132.8+36.1 129.0+£37.9 0.764"

Note: "Student t test; “*Mann-Whitney test.

Table 2 — Changes in dietary indicators and complications over the follow-up period in both groups. Francisco Beltréo, PR, Brazil, 2019.

Indicators Post-pyloric (n=18) Gastric (n=17) Comparison F value p value

Prescribed diet (kcal/day)
Day 7 1275.7+252.5 1346.2+296.3 Group 0.196 0.661
Day 14 1329.4+272.9 1410.5+349.3 Time 7.144 0.001
Day 21 1452.8+339.1 1557.8+389.7 Interaction 1.633 0.199
Day 28 1556.6+294.4 1456.1+381.1

Administered diet (kcal/day)
Day 7 1228.3+254.2 1273.5£295.5 Group 0.138 0.712
Day 14 1282.2+255.1 1377.7+352.7 Time 4.139 0.015"
Day 21 1372.7+414.3 1470.7+429.8 Interaction 1.141 0.331
Day 28 1485.4+374.2 1389.3+437.6

Administered prescribed diet (%)
Day 7 96.3+5.4 94.7+8.6 Group 0.007 0.936
Day 14 96.4+5.1 97.7+4.8 Time 1.287 0.283
Day 21 93.2+11.6 93.5+8.5 Interaction 0.192 0.901
Day 28 94.8+11.8 94.3+10.8

Diet interruption (n)
Day 7 0.89+1.13 1.06+1.25 Group 0.793 0.380
Day 14 0.56+0.86 0.59+1.12 Time 2.993 0.048"
Day 21 0.50+0.99 0.71+0.69 Interaction 0.155 0.888
Day 28 0.22+0.73 0.53+0.62

Diarrhea record (n)
Day 7 1.00+1.37 0.76+1.37 Group 0.005 0.946
Day 14 1.78+1.31 1.59+1.28 Time 3.341 0.022"
Day 21 1.67£1.19 1.53+£1.18 Interaction 0.731 0.536
Day 28 1.22+1.44 1.71+£1.40

Vomit record (n)
Day 7 0.33+0.84 0.12+0.33 Group 1.989 0.168
Day 14 0.11+£0.47 0.18+0.53 Time 0.419 0.740
Day 21 0.28+0.67 0.06+0.24 Interaction 0.551 0.649
Day 28 0.17+0.71 0.00+0.00

Note: *Significant results (p<0.05).
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Table 3 - Changes in body composition and blood parameters over the 28-day follow-up according to nutritional therapy. Francisco Beltréo,
PR, Brazil, 2019.

Variables Post-pyloric (n=18) Gastric (n=17) Comparison F value p value

Body mass index (kg/m?)

Day 0 29.6+4.2 29.4+5.6 Group 0.001 0.974
Day 7 28.8+4.0 29.3+5.1 Time 8.067 <0.001
Day 14 28.0+4.4 28.2+4.3 Interaction 0.339 0.851
Day 21 27.7+3.3 27.7+5.6
Day 28 27.1+£3.4 26.4+4.4

Relative fat (%)
Day 0 16.0+9.4 17.3+10.4 Group 0.382 0.541
Day 7 17.1£10.5 20.8+9.6 Time 2.251 0.086
Day 14 18.2+11.4 23.7£12.5 Interaction 0.969 0.412
Day 21 20.8+14.0 20.0+£14.0
Day 28 21.2+£13.7 21.6£11.5

Hemoglobin (g/dL)
Day 0 10.3+x2.9 10.8+2.1 Group 0.413 0.525
Day 7 10.1+£2.7 9.8+1.3 Time 4.269 0.011"
Day 14 9.1«+1.5 9.6+1.1 Interaction 0.301 0.789
Day 21 8.8+1.8 9.1+£0.9
Day 28 9.3x1.5 9.2+1.3

Creatinine (mg/dL)
Day 0 2.01+1.71 1.97+1.81 Group 0.162 0.690
Day 7 1.69+1.53 1.64+1.50 Time 6.391 0.007"
Day 14 1.44+1.29 1.12+0.57 Interaction 0.440 0.589
Day 21 1.37+1.19 1.03+0.39
Day 28 1.28+1.17 1.30+0.81

Albumin (g/dL)
Day O 2.90+0.50 3.10+0.51 Group 0.076 0.785
Day 7 2.85+0.25 2.84+0.38 Time 1.696 0.155
Day 14 2.84+0.40 2.98+0.45 Interaction 4.531 0.002"
Day 21 3.06+0.39 2.99+0.46
Day 28 3.21+0.48 2.79+0.36

Transferrin (mg/dL)
Day 0 132.8+36.1 129.0+37.9 Group 0.858 0.361
Day 7 141.1£36.3 133.1£37.8 Time 5.593 0.003"
Day 14 151.1£39.8 145.4+31.1 Interaction 0.366 0.735
Day 21 161.9+47.1 151.2+32.5
Day 28 162.0+43.5 144.0+35.5

Note: *Significant results (p<0.05).

A group versus time interaction in relation to albumin (p=0.002) was also observed. Although
similar values were observed up to the 21t day, the post-pyloric group showed an increase in albumin
levels compared to the gastric group on day 28. Moreover, serum transferrin increased without statistically
significant changes between groups throughout the study.

DISCUSSION

This study’s goal was to assess possible differences in nutritional markers and clinical complications
associated with ENT administered via two routes [14,21]. Baseline data confirmed that patients were
malnourished; indeed, albumin, transferrin, and body fat index were below reference values, thus
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corroborating the malnutrition rates observed in hospitalized patients in Brazil [22,23]. Adequate nutrition
is especially important for proper metabolism and robust immune response in hospitalized patients, and ENT
is key for those in intensive care [24-26]. As nutritional needs are usually higher in hospitalized individuals,
the role of ENT is to provide patients with sufficient protein intake, hydration, and to replenish nutrients that
might be compromised in the course of treatment [26]. Moreover, ENT in critically ill patients must envision
the reduction of clinical complications, such as vomiting, diarrhea, and prolonged hospitalization [27].

In summary, both groups had their BMI values decreasing from hospital admission to the end of the
study. Also, although similar values were observed up to the 21st day, in the group versus time interaction
in relation to albumin, the post-pyloric group showed increased values when compared to the gastric group
on day 28. These findings could indicate clinical and nutritional improvement in the groups, since high
BMI scores at the beginning of the study were due to body edema, which is common in critically ill and
malnourished patients. Moreover, considering that the values of body fat percentage increased without
statistical significance, it is plausible that patients from both groups had adequate nutritional gains. Indeed,
over the follow-up period, the variations of the administered/prescribed diets were above 93% in both
groups. In a prospective observational study with 32 ICU patients in ENT for >72 hours, Gongalvez et
al. [28] reported that 21 individuals received 70% or more calories in relation to what was prescribed to
them, with a mean percentage of adequacy of 72.3+16.3%. Similarly, Lins et al. [29], in a study with 45
individuals, noted that the majority reached both caloric (97.8%) and protein (64.4%) goals. Cross-sectional
evidence, also with ICU patients, suggested that declining BMI values could buffer good clinical evolution
in hospitalized patients [30].

The main gastrointestinal complications presented by critical ICU patients at a reference centre in
Pernambuco were diarrhea (33.3%), vomiting, and regurgitation (15.6%), and constipation (6.7%) [29]. In
our trial, there was no difference between groups in the occurrence of clinical complications, which is in line
with previous randomized clinical trials (RCT) revised by Alkhawaja et al. [14]. However, diarrhea increased in
both groups over time. In this respect, it is possible to infer that the route of administration of ENT did not
interfere on this outcome. Indeed, enteral feeding intolerance and gastrointestinal symptoms might occur
as a result of many factors including the severity of diseases, levels of hyperglycaemia, prescribed diets,
medications, renal function, necessity of mechanical ventilation, among others [18,27].

Protein is considered the most important macronutrient for hospitalized patients. It has functions in
wound healing, maintenance of immunological functions, and lean mass; still, the individual needs of patients
are hardly met with industrialized enteral formulations [31,32]. The amount of protein recommended for
hospitalized patients varies according to clinical conditions (metabolic stress, sepsis, acute or chronic renal
failure, dialysis, and liver failure). Under these conditions, the recommended protein amounts usually range
from 0.8 to 2.0g/kg/day [31,33], albeit more research is needed. In fact, a recent literature review called for
further RCT examining optimal protein intake in critically ill patients [34].

Regarding laboratory findings, 88% of the sample presented albumin values lower than the
reference (M=2.90+0.67g/dL) and the mean transferrin values were 150.31+54.01mg/dL, also lower than
the reference value [35]. The interaction of time versus group revealed that albumin increased in the post-
pyloric group. In addition, despite the absence of statistical significance, the post-pyloric group had less diet
interruptions over the course of this study, thus effectively receiving more calories. Comparing these results
to previous investigations, a systematic review with meta-analysis reported higher nutritional intakes among
severely ill patients receiving ENT via post-pyloric route, although caution is necessary when considering
albumin as the sole marker of malnutrition or energetic restriction [8,14].

In summary, severe malnutrition in hospitalized patients causes nutrition depletion, reducing glycogen
stores and energy reserves, which leads to the body’s use of protein mass as an energy source [36,37]. Severe
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malnutrition may increase the recovery time and cause general impairment [5,7]. With the interruption
of ENT, a proper administration of prescribed diet may not occur, leading to malnutrition [17,36,38,39].
This, in turn, increases the susceptibility for infections and mortality. Hence, administering ENT in an early,
appropriate manner in ICU patients is paramount to reducing morbidity, mortality, and infections. Although
this study presents robust and longitudinal information on both nutritional and clinical variables associated
with ENT in critical patients, it has some limitations that could be tackled in future studies. For instance,
specific differences in nutritional markers and clinical complications according to patients’ diagnosis were
not examined. Moreover, additional variables, including hydration status and inflammatory conditions,
could offer a more in-depth perspective of the benefits associated with one form of ENT administration or
the other in critically ill individuals.

CONCLUSION

There were no differences between the complications inherent to the use of ENT between the two
groups. Albumin statistically increased in the post-pyloric group in relation to the gastric group in the last
week of the study.
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