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Abstract 

Aims; This study assessed the clinical and economic effects of incorporating supplementary enteral nutrition formulas 
(ENFs) alongside parenteral nutrition in malnourished patients who are hospitalised. The study aimed to ascertain the 
clinical ramifications of these interventions. 

Methods: A study at King Hussein Medical Centre analyzed malnourished patients who received one of six tested enteral 
nutritional formulas and parenteral nutritional supplementation. The study included adult and elderly hospitalized 
patients, with exclusion criteria for missing more than 5% of data. Four nutritional cohorts were evaluated: those 
without supplemental enteral nutrition formulas, regular ENFs, specialized modular ENFs, and modular protein 
formulae. The study examined variations in albumin levels during hospitalization and modifications in the composite 
predictive ratio of C-reactive protein to albumin. The study also examined clinical outcomes like total hospital length of 
stay, mortality, gastrointestinal symptoms, and enteric gram-negative bacteria translocation. 

Results: The study analyzed the distribution rates of enteral nutritional adjunctive formulas in patients with 
hypoalbuminemic conditions. It found no significant differences in distribution rates or average estimations across the 
six tested formulas. The highest average albumin level changes were observed in patients receiving ArgiMent as the 
standard enteral nutritional provision. The study also showed significant variations in hospital stay and overall fatality 
rate over 28 days. The cost expenditure for increasing albumin levels was lowest in patients using arginine/glutamine-
based formulas. The study also found significant differences in gastrointestinal tolerances, with the highest incidence of 
intolerance symptoms in Group IV. The incidence of enterobacteriaceae positive cultures was minimal in glutamine and 
arginine-based formulas. 

Conclusion: In conclusion, administering trophic doses of enteral feeding formulas to hospitalised patients dependent 
on total parenteral nutrition and exhibiting hypoalbuminemia may yield substantial clinical and economic advantages, 
especially if the enteral nutrition formulas are characterised by enhanced nutritional properties, including high protein 
density, glutamate, zinc, and prebiotic enrichments.  

Keywords:  Supplemental enteral feeding; Malnourished hospitalized patients; Parenteral nutrition; Kwashiorkor 
hypolabumenic patients 

1. Introduction

Parenteral and enteral nutrition are two distinct approaches to providing nutrients to patients during illness, trauma, 
and operative interventions. Parenteral nutrition is provided intravenously, while enteral nutrition is provided via the 
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gut [1-2]. In the setting of illness, trauma, and operative interventions, patients may be unable to maintain nutritional 
requirements, which can lead to malnutrition and increased hospital costs [3]. Interventions through parental or enteral 
nutrition can prevent nutritional deficit, improve patient well-being, and avoid inflammatory complications [4]. 

Patients are considered for an appropriate nutrition plan when they are unable to maintain or regain nutritional 
requirements and are likely to be so for five to seven days or longer [5]. Malnutrition is estimated to cost the UK 
healthcare service as much as £13 billion annually, but the true figure is likely greater due to increased and longer 
hospital costs and increased susceptibility to complications [6].  

Numerous therapeutic situations necessitate nutritional care, including individuals unable to consume food or liquids, 
those experiencing intestinal failure or obstruction, and cancer patients [7]. Numerous published studies, including 
randomised controlled trials, were conducted in literature reviews to investigate the clinical impact of enteral 
nutritional supplementation, whether through trophic dosing, partial rates, or full enteral provision, in conjunction with 
partial parenteral supplemental nutritional fluids to compensate for deficits not met by enteral nutrition [8-9]. Most of 
the examined outcomes pertain to the duration of hospital admission, successful extubation from mechanical 
ventilation, complications associated with enteral and parenteral nutrition, infection rates and severities related to 
hyperinflammatory and immune statuses, as well as overall mortality, encompassing both early and late mortality [10-
11]. 

However, of the hospitalised patients, the majority experienced hypercatabolic states linked with wasting syndromes. 
The predominant wasting symptoms observed in the stressed, hospitalised malnourished patients were associated with 
kwashiorkor and cachexia [12-13]. Nonetheless, the significant reliance on blood glucose as the primary cellular fuel, 
due to its lower VO2 rates compared to other energy-yielding macronutrients such as fatty acids and amino acids, results 
in the rapid depletion of glycogen stores [14-15]. This, in turn, leads to a sustained and pronounced hypercatabolic state 
of the endogenously lean body mass, which converts amino acid pools and reserves into the carbon backbone essential 
for the biosynthetic rate of gluconeogenesis [16-17].  

The most significant endogenous amino acid precursors, together with the protein reserves in the lean body mass, 
particularly in the muscles, are circulating visceral albumin. Albumin is regarded as the biggest circulating protein in 
the body, and its catabolic rate is strongly connected with the hypercatabolic state in hyperinflammatory, stressed 
hospitalised patients [18-19]. As previously and succinctly stated, nearly all hospitalised patients are unable to satisfy 
their nutritional requirements through enteral nutrition alone; therefore, supplementation of at least partial nutrition 
is likely necessary to address deficiencies in energy, protein, and micronutrients [20-21]. There exist various categories 
of enteral formulas, including trophic dosing rates of approximately 10-20 ml per hour, partially provided formulas that 
can fulfil up to two-thirds of nutritional needs, and fully enteral provisions that may surpass 90% of total caloric and 
micronutrient requirements for patients [22-23]. The enteral provision of protein requirements is never fulfilled due to 
the elevated protein density demands in critically stressed hospitalised patients; hence, most parenteral amino acid 
supplementation is utilised to address these deficiencies in protein intake [24-25]. Although the enteral trophic rate 
offers minimal nutritional value, it presents numerous clinical advantages that contribute to the preservation of 
enterocyte and colonocyte integrity. There is substantial evidence indicating that it reduces enteral bacterial 
translocation, thereby decreasing the risk of disseminated infections caused by gram-negative bacteria, particularly 
those associated with extended-spectrum beta-lactamases (ESBL) and carbapenem-resistant Enterobacteriaceae (CRE) 
[26-27]. 

The present study primarily investigates and compares clinical outcomes in patients with hypoalbuminemia by 
evaluating the effects of various enteral nutritional formulas available at our institution, specifically Ensure®, Resource 
Optimum, RenaMent®, ArgiMent®, PROSource®, and Whey Protein (WP), in conjunction with parenteral nutritional 
supplementation.  

2. Methods and materials 

A retrospective, single-center, non-funded observational study was conducted across various departments of the King 
Hussein Medical Centre within the Royal Medical Services, focussing on malnourished patients who were administered 
one of six tested enteral nutritional formulas, alongside parenteral nutritional supplementation, during the study period 
from November 2018 to June 2023. This project received ethical approval from our Institutional Review Board (IRB) 
on August 27, 2024, under registration number 6_13/2024. The ultimate endorsement of this study was conducted by 
the Directorate of Professional Training and Planning at 2 Feb 2025. The permission form was waived in this study due 
to its retrospective nature, and the study adhered to the protocols and guidelines entirely compliant with the Helsinki 
standards.  
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The patients included in this trial were largely malnourished, as determined by biochemical parameters, including 
hypoalbuminemia with levels below 2.8 g per decilitre and an increased ratio of C-reactive protein to albumin. This 
study emphasised the anthropometric standard for assessing wasting and the subjective instruments for rating 
malnourished patients. This study comprised adult and elderly hospitalised patients, with the exclusion criterion being 
any patient data missing for more than 5%. The data were obtained from our institutional computer system, referred 
to as Hakeem, as well as from patients' written records and recorded assessment data in Excel sheets. However, the key 
test patient data examined in this research encompassed fundamental demographic information, diagnostic data, 
physical measurements, severity of wasting, and several nutritional biochemical indicators. Notably, patients in this 
study were eliminated if they were discharged or deceased before to completing a minimum of one week of stay.  

The overall number of malnourished hypoalbuminemic patients was found to be 9,270. A total of 8,944 patients were 
excluded due to discharge or death before completing at least one week on dual nutritional regimens post-admission. 
Additionally, exclusion criteria were applied to 5821 patients who were entirely reliant on TPN or EN. Exclusion was 
predicated on the difficulty to gather patient data or the incompleteness identified in 3,123 cases. The final tally of 
patients involved in this study was 326 malnourished individuals. This study evaluated four unique nutritional cohorts: 
individuals without supplemental enteral nutrition formulas (ENFs), individuals receiving regular ENFs, individuals 
receiving specialised modular ENFs, and individuals receiving modular protein formulae.  

This investigation examines percentage variations in albumin levels during hospitalisation and modifications in the 
composite predictive ratio of C-reactive protein to albumin in individuals hospitalised for at least one week. This study 
emphasised the changes in human albumin usage and the anticipated cost-effectiveness of increasing the albumin 
content by at least 1 g per decilitre. This study investigated the principal clinical outcomes, encompassing total hospital 
length of stay, overall 28-day mortality, incidence of gastrointestinal symptoms (GI Sxs), and the risk of translocation of 
enteric gram-negative bacteria (GNB) among the assessed enteral formulae.  

The continuous variables of all patients will be represented as mean ± SD for comparisons within tested groups or as 
mean ± SEM for comparisons between tested groups using the ANOVA test. The categorical data were transformed into 
numerical values expressed as percentages via the χ2 test. The analytical values of the four examined groups (Group I-
IV) were compared utilising IBM SPSS version 25 (IBM Corp., Armonk, NY, USA), whereas Microsoft Excel version 20 
was employed for data collecting, filtering, and organisation. A significance level of 5% was employed in this study. 

3. Results 

The study found an average age of 58.4±9.9 years, with roughly 68.7% (224 cases) being male. This study did not 
demonstrate statistically significant differences in the distribution rates between critically ill and non-critically ill 
patients, nor in the distribution rates among medically and surgically admitted patients across the six tested enteral 
nutritional adjunctive formulas compared to supplemental parenteral nutrition. This study did not demonstrate 
statistically significant variance in the distribution rates or differences in average estimations across the six comparable 
enteral feeding cohorts concerning most of the examined baseline biochemical and nutritional variables. For example, 
we did not disclose statistically insignificant changes in baseline albumin levels, C-reactive proteins, and their composite 
ratio, the C-reactive protein to albumin ratio, across the six study groups. Furthermore, we did not observe statistically 
significant variations in total caloric requirements, the percentage of caloric goal attainment, or in the dual enteral 
nutrition combined with supplemental nutritional provision.  

Upon examining the mean differences, adjusted for standard deviations, in the percentage changes of albumin levels 
across Groups I-VI, the highest estimated average was observed in the cohort receiving the ArgiMent formula as the 
standard enteral nutritional provision, with a result of 114%±19%. This was followed by the cohort utilising PROSource 
as the standard enteral nutrition, which showed 91%±12%. Next, the cohort that consumed reconstituted whey protein 
powder (25 grammes in 200 ml of distilled cold water) exhibited 46%±7%. Subsequently, the patients receiving 
RenaMent enteral supplementation demonstrated 33%±4%. Lastly, the cohorts using the standard enteral formulas of 
Resource Optimum and Ensure revealed means of 16.3%±1.8% and 14%±1.7%, respectively. Importantly, the 
statistically significant differences in albumin level changes during the six tested enteral nutrition regimens, 
administered for a minimum of one week, were concurrently associated with statistically significant variations in the 
daily consumption of human albumin infusion, measured in grammes, as well as in the percentage changes of the 
composite prognostic ratio between C-reactive protein and albumin. The Mean±SD values were -24.81±7.95 g/day, -
24.07±5.67 g/day, -15.6±5.02 g/day, -11.85±3.92 g/day, -5.93±4.96 g/day, and -5.36±5.03 g/day, alongside -45%±22%, 
-23%±33%, -3%±42%, 16%±39%, 16.3%±50.6%, and 5.6%±55%, respectively.  
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Furthermore, this study demonstrated statistically significant variations in the estimated average length of hospital stay 
and the overall fatality rate over an anticipated period of 28 days. The means, adjusted for standard deviations and 
expressed as distributional rates, were observed to be highest in the cohort of patients who adopted ArgiMent as the 
specialised enteral nutrition, even at lower daily rates, which were close to or within the trophic dosing schedules 
[12.56±1.49 days and 7 (12.96%), respectively]. This study demonstrated statistically significant differences among 
Groups I-VI concerning the cost expenditure for increasing albumin levels by 1 gramme per decilitre. The lowest cost 
was observed in patients utilising arginine/glutamine-based enteral nutritional formulas, with an estimated average 
expenditure of approximately 20.6±6.7 USD. In contrast, the costs for 1 gramme albumin level increments in standard 
enteral nutritional formulas were 271.9±40.9 USD for Group II and 364.7±86.3 USD for Group I.  

Nonetheless, while the economic expenditure unadjusted for the increasing albumin levels was statistically insignificant 
in this study, significant differences emerged when considering the variations among the six enteral nutritional formulas 
regarding their clinically impactful effects on serum albumin levels relative to baseline measurements. This study 
demonstrated statistically significant variations and disparities in gastrointestinal tolerances, highlighting the incidence 
of intolerance symptoms such as bloating, cramping, dyspepsia, and increased gastrointestinal residual volumes. The 
variations in statistically significant differences in distributional rates among the six tested enteral nutrition groups 
were most pronounced for the incidence rates of gastrointestinal symptoms, with Group IV exhibiting the highest rate 
at 38 (70.4%) and Group I the lowest at 30 (53.6%). Upon assessing the magnitude of the residual volumes in their 
adjusted averages relative to their standard deviations, we identified a statistically significant lower average in Group 
II (18.6±14.2 ml/day) compared to the higher average recorded in Group I (194.8±156.4 ml/day).  

Finally, upon examining the notable differences in the prevalence of enterobacteriaceae positive cultures in the blood 
samples among the six comparative cohorts, we determined that the incidence was minimal in the glutamine and 
arginine-based enteral nutritional formulas (4 (7.4%)) and maximal in the cohorts receiving standard enteral 
nutritional formulas in Group II and Group I (12 (22.2%) and 15 (26.8%), respectively). The comparative results 
analyses are expressed below in Table 1-2. 

Table 1 Comparison data among the six tested groups 

Variables Total 

(N=326) 

Standard ENFs (N=110) Specialized ENFs 
(N=108) 

MPF (N=108) P- 

Value 

Group I 

Ensure® 

(N=56) 

Group II 

Resource® 
Opt 

(N=54) 

Group III 

RenaMent® 

(N=54) 

Group IV 

ArgiMent® 

(N=54) 

Group V 

PROSource® 

(N=54) 

Group VI 

WP100% 

(N=54) 

Age (Yrs) 58.4±9.9 61.3±8.7 58.8±10.4 53.9±9.1 58.9±8.9 59.6±10.2 57.7±11.1 0.004(S) 

Sex Male 224 
(68.7%) 

42 (75.0%) 36 (66.7%) 42 (77.8%) 28 (51.9%) 42 (77.8%) 34 (63.0%) 0.021(S) 

Female 102 
(31.3%) 

14 (25.0%) 18 (33.3%) 12 (22.2%) 26 (48.1%) 12 (22.2%) 20 (37.0%) 

Ward Non 
Critical   

160 
(49.08%) 

29 
(51.79%) 

27 (50%) 28 (51.85%) 31 (57.41%) 22 (40.74%) 23 
(42.59%) 

0.081 
(NS) 
 

Critical  166 
(50.92%) 

27 
(48.21%) 

27 (50%) 26 (48.15%) 23 (42.59%) 32 (59.26%) 31 
(57.41%) 

Medical 
Dx 

Medical 153 
(46.93%) 

28 (50%) 25 (46.29%) 23 (42.59%) 24 (44.44%) 26 (48.15%) 27 (50%) 0.106 
(NS) 

Surgical 173 
(53.07%) 

28 (50%) 29 (53.70%) 31 (57.41%) 30 (55.56%) 28 (51.85%) 27 (50%) 

BW1 (Kg) 74.9±10.3 73.49±8.51 74.07±11.87 77.73±8.49 73.44±11.24 73.67±11.58 77.22±9.34 0.074 
(NS) 

CRP1 (mg/dl) 6.83±3.58 7.86±4.11 2.11%±0.76% 5.92±3.02 7.75±3.72 6.00±3.02 6.85±4.15 0.05 
(NS) 
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ALB1 (g/dl) 2.25±0.32 2.25±0.28 2.28±0.30 2.26±0.27 2.20±0.23 2.26±0.44 2.25±0.37 0.9 (NS) 

H.ALB1 (g/day) 24.11±6.44 24.64±6.31 22.96±5.37 23.33±6.14 24.81±7.95 24.07±5.67 24.8±6.93 0.5 (NS) 

CRP1: ALB1 3.18±1.94 3.63±2.14 2.98±1.49 2.81±1.75 3.66±2.11 2.72±1.56 3.26±2.32 0.064 
(NS) 

CRP2 (mg/dl) 7.94±3.11 7.78±2.91 7.62±2.42 8.13±2.94 8.40±3.83 7.60±3.06 8.13±3.37 0.7 (NS) 

ALB2 (g/dl) 3.40±0.90 2.56±0.28 2.62±0.27 2.93±0.23 4.76±0.44 4.32±0.31 3.25±0.37 0.000 (S) 

H.ALB2 (g/day) 9.57±8.47 19.29±4.62 17.04±5.36 11.48±4.52 0.00±0.00 0.00±0.00 9.26±4.69 0.000 (S) 

CRP2: ALB2 2.57±1.33 3.19±1.55 3.02±1.22 2.87±1.32 1.84±0.94 1.82±0.85 2.63±1.29 0.00 (S) 

∆ALB (g/dl) 1.15±0.83 0.31±0.00 0.36±0.00 0.72±0.00 2.50±0.00 2.04±0.00 1.00±0.00 0.000 (S) 

∆H.ALB (g/day) -
14.54±9.56 

-5.36±5.03 -5.93±4.96 -11.85±3.92 -24.81±7.95 -24.07±5.67 -15.6±5.02 0.000 (S) 

%∆ ALB 52%±39% 14%±1.7% 16.3%±1.8% 33%±4% 114%±19% 91%±12% 46%±7% 0.00 (S) 

%∆ CRP 36%±60% 20%±63% 36%±59% 54%±53% 19%±48% 48%±65% 42%±63% 0.007 (S) 

%∆ CRP:ALB 
ratio 

-
5.5%±47% 

5.6%±55% 16.3%±50.6% 16%±39% -45%±22% -23%±33% -3%±42% 0.00 (S) 

Data are presented as Mean±Standard deviation and are analyzed by using ANOVA test (at p-value< 0.05). 

Yrs: Years. 

BW: Actual body weight. 

N: Number of study’s hospitalized patients. 

Group I: Hospitalized patients on TPN supplemented partially by Ensure®. 

Group II: Hospitalized patients on TPN supplemented partially by 
Resource®Optimum. 

Group III: Hospitalized patients on TPN supplemented partially by RenaMent®. 

Group IV: Hospitalized patients on TPN supplemented partially by ArgiMent®. 

Group V: Hospitalized patients on TPN supplemented partially by PROSource®. 

Group VI: Hospitalized patients on TPN supplemented partially by reconstituted 
WP 100%. 

1: baseline at admission. 

2: 2 weeks after admission. 

∆: Changes. 

S: Significant (P-Value <0.05). 

NS: Non-significant (P-Value >0.05). 

Dx: Diagnosis. 

ALB: Albumin level. 

CRP: C-reactive protein. 

CRP: ALB: C-reactive protein to 
albumin ratio. 

H.ALB: Human albumin. 

Table 2 Comparison data among the six tested groups 

Variables Total 

(N=326) 

Standard ENFs 
(N=110) 

Specialized ENFs 
(N=108) 

MPF (N=108) P- 

Value 

Group I 

Ensure® 

(N=56) 

Group II 

Resource
® Opt 

(N=54) 

Group III 

RenaMent
® 

(N=54) 

Group IV 

ArgiMent® 

(N=54) 

Group V 

PROSourc
e® 

(N=54) 

Group VI 

WP100% 

(N=54) 

Enter
ic 

BSI 

Negativ
e 

271 
(83.1%) 

41 (73.2%) 42 (77.8%) 44 
(81.1%) 

50 (92.6%) 48 (88.9%) 46 85.2%) 0.03 
(NS) 

Positive 55 (16.9%) 15 (26.8%) 12 (22.2%) 10 
(18.9%) 

4 (7.4%) 6 (11.1%) 8(14.8%) 

TOLR GI Sx 
(0,1) 

200 
(61.3%) 

30 (53.6%) 30 (55.6%) 32 
(59.3%) 

38 (70.4%) 36 (66.7%) 34 
(63.0%) 

0.031 
(S) 

GI Sx 
(≥2) 

126 
(38.7%) 

26 (46.4%) 24 (44.4%) 22 
(40.7%) 

16 (29.6%) 18 (33.3%) 20 
(37.0%) 
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ENF Cost 
(USD/day) 

1.13±0.96 1.18±0.94 0.77±0.42 1.59±0.85 1.26±0.96 1.75±1.14 0.25±0.15 0.000(S) 

TPN Cost (USD/ 
day) 

51.8±16.2 57.0±22.9 50.2±12.4 50.9±11.1 50.3±15.9 50.9±16.3 51.0±15.3 0.2 (NS) 

H.ALB Cost 
(USD/day) 

26.8±23.7 53.9±12.9 47.7±15.0 32.1±12.6 0.0±0.0 0.0±0.0 25.9±13.1 0.000 
(S) 

CER (USD/ +1 g 
ALB/dl) 

147.5±136.
4 

364.7±86.3 271.9±40.9 116.8±29.
2 

20.6±6.7 25.8±8.5 77.2±23.7 0.000 
(S) 

TCR 
(Cal/kg/day) 

21.10±5.32 22.34±7.04 21.06±5.49 20.33±3.3
3 

21.55±4.89 20.93±5.22 20.40±5.1
7 

0.36 
(NS) 

TCR (Cal/day) 1449±388 1548±538 1423±325 1433±265 1446±371 1441±399 1398±369 0.43 
(NS) 

%Goal Cal 79.4%±7.9
% 

81.8%±8.9
% 

78.8%±7.5
% 

81.5%±6
% 

77.9%±8.4
% 

77.1%±8.2
% 

79.3%±6.9
% 

0.15 
(NS) 

ENFs Vol 
(ml/day
) 

78.2±96.0 194.8±156.
4 

124.8±68.8 54.2±28.9 18.6±14.2 23.4±15.2 48.8±29.7 0.000 
(S) 

%Cal_T
CR 

5.5%±4.5% 11.2%±4.4
% 

8.8%±2.5% 7.3%±2.5
% 

2.4%±1.0% 1.3%±0.5% 1.6%±0.6
% 

0.000 
(S) 

PRO 
(g/day) 

5.75±3.99 7.19±5.72 5.43±2.94 4.71±2.5 5.58±4.26 5.71±3.72 5.86±3.57 0.34 
(NS) 

AA 10% vol 
(ml/day) 

517.9±358.
7 

646.8±514.
7 

488.7±269.
4 

424.2±225
.8 

501.8±383.
8 

513.6±335.
2 

527.5±321
.3 

0.042 
(S) 

IFE 20% vol 
(ml/day) 

168.16±52.
06 

170.00±52.
28 

161.96±42.
18 

192.8±46.
6 

156.3±49.9 163.7±54.0 164.0±59.
8 

0.005 
(S) 

DX 20% vol 
(ml/day) 

751.0±277.
8 

846.4±365.
1 

738.7±260.
1 

751.5±169
.3 

761.4±289.
8 

713.6±310.
9 

690.9±207
.9 

0.066(N
S) 

Dual TPN and 
EN days  

9.03±1.78 8.93±1.57 9.40±2.31 8.87±1.44 9.20±1.81 8.71±1.73 9.22±2.13 0.057(N
S) 

% PC_ TC 14.7%±5.5
% 

16.6%±6.5
% 

14.6%±4.1
% 

12.6%±4
% 

14.07%±6.
1% 

14.8%±5.3
% 

15.6%±5.5
% 

0.004 
(S) 

% Carb Cal_ TC 35.2%±5.4
% 

36.9%±5.7
% 

35.2%±4.9
% 

36.2%±4
% 

35.8%±5.2
% 

33.3%±6.6
% 

34.0%±5.3
% 

0.005 
(S) 

% Lipid Cal_ TC 29.5%±5.7
% 

28.3%±5.4
% 

29.1%±5.6
% 

32.8%±3.7
% 

28.0%±6.7
% 

28.9%±5.5
% 

29.6%±5.7
% 

0.000 
(S) 

g Carb: g Lipid 
ratio  

3.43±1.29 3.67±1.05 3.45±1.20 3.01±0.50 3.83±2.01 3.30±1.30 3.27±1.12 0.013 
(S) 

Hospital Stay 
day(s) 

15.02±2.39 17.82±1.27 16.59±1.46 14.89±2.5
7 

12.56±1.49 13.44±1.51 14.74±0.6
5 

0.000 
(S) 

Overall 28-day 
Survival 

246 
(75.46%) 

35 (62.5%) 38 
(70.37%) 

40 
(74.07%) 

47 
(87.04%) 

44 
(81.48%) 

42 
(77.77%) 

0.031 
(S) 

Overall 28-day 
Mortality 

80 
(24.54%) 

21 (37.5%) 16 
(29.63%) 

14 
(25.93%) 

7 (12.96%) 10 
(18.52%) 

12 
(22.22%) 

Data are presented as Mean±Standard deviation and are analyzed by using ANOVA test (at p-value< 0.05). 
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4. Discussion 

This retrospective study focused on malnourished patients with wasting admitted to the King Hussein Medical Centre 
from 2018 to 2023. We specifically examined the patients' albumin levels due to the high prevalence of 
hypoalbuminemia associated with the kwashiorkor condition in these patients, which primarily relies on amino acid-
derived gluconeogenesis for optimal glucose utilisation in stressed individuals. This study involved three kwashiorkor 
patients who received nutritional support through dual enteral nutritional supplementation, utilising a comparative 
analysis of six enteral formulas, including standard, specialised, and modular protein formulas, alongside parenteral 
nutrition to address the macronutrient deficiencies not fulfilled by enteral nutrition. The study found that the average 
volume of parenteral nutritional supplementation was approximately 517.9±358.7 ml/day for amino acids at 10%, 
168.16±52.06 ml/day for intravenous fat emulsions at 20%, and 751.0±277.8 ml/day for dextrose glucose water 205 
solution. The average total volume of enteral nutritional supplements assessed in this study was 78.2±96.0 ml/day, 
representing approximately 5.5%±4.5% of the estimated average total energy requirements.  

This study, however, provided a thorough assessment and comparison of the most frequently utilised enteral nutritional 
formulas in clinical practice, encompassing standard formulas like Ensure and Resource Optimum, specialised high-
caloric formulas such as RenaMent, specialised formulas with elevated arginine and glutamine content like ArgiMent, 
and specific protein modular formulas, including the ready-to-use PROSource package and the reconstituted whey 
protein powder. Nevertheless, all the examined enteral nutritional formulas were administered through tube feeding, 
predominantly via nasogastric tubes, at varying rates largely determined by the patient's gastrointestinal tolerance, 
including the extent of residual amounts. Nonetheless, the gastrointestinal symptoms that predominantly impact the 
tolerance to enteral nutrition are bloating, cramps, diarrhoea, and dyspepsia. In instances of gastrointestinal 
intolerance, various global guidelines and expert opinions advocate for a gradual tapering strategy, aimed at facilitating 
gastrointestinal rehabilitation for timely weaning from parenteral nutrition and minimising associated complications. 
This approach primarily relies on the supplementation of parenteral nutritional fluids until the protein density 
provisional rate reaches at least two-thirds of the total patient requirements, a target rarely met in severely stressed 
hospitalised patients, particularly those in critical care. Consequently, a dual nutritional strategy is often necessary, 
incorporating primarily enteral nutrition supplemented by parenteral nutrition, predominantly in the form of amino 
acids and micronutrient fluids [28-30]. 

This research study implemented trophic dosing of an average of 10 ml per hour from an enteral specialised nutritional 
formula for 16 hours daily, with overnight interruption, in accordance with our institutional feeding protocols. This 
resulted in a total trophic feeding volume of approximately 150±10 ml per day, which would optimally equate to 160 
ml per day in the absence of any feeding interruptions. The recommended target is 160 ml per day of enteral trophic 
feeding, supplying patients with a minimum of 160 Cal/day for normal enteral nutritional formulas, perhaps exceeding 
200 Cal per day for specialised enteral nutritional formulas. It is crucial to consider the adoption of specialised enteral 
nutritional formulas within the trophic feeding strategy, whether as an initial feeding rate or as a continuous feeding 
protocol for patients with severe gastrointestinal intolerance. Approximately 5 grammes of protein, particularly in the 
form of specialised nutritive amino acids such as glutamine, with or without arginine, should be utilised, as 
demonstrated in the cohort of patients in group IV who received specialised enteral nutritional formulas rich in 
glutamine, arginine, and other micronutrients like ascorbic acid and zinc [31-33]  

Our overarching hypothesis in clinical nutrition posits that augmenting the protein density of any enteral nutritional 
formula, particularly specialised formulations, enhances the probability of meeting the targeted protein requirements 
without incurring the risks associated with hypercaloric overfeeding and fluid overload. This adjustment is also 
associated with improved gastrointestinal tolerance and a reduced likelihood of elevated gastrointestinal residual 
volume [34-35]. In this study, we present a proposed theory demonstrating that the specialised enteral nutritional 
formula, characterised by higher caloric and protein density and enriched with enterocyte nutritive agents, resulted in 
the Group IV cohort exhibiting a statistically significant reduction in the incidence of gastrointestinal bloating, cramping, 
and other indicators of gastrointestinal intolerance, alongside a statistically significant decrease in gastric residual 
volume. 

Patients who are naïve to enteral nutrition feeding, even with trophic dosing schedules, may exhibit compromised 
integrity of the enterocyte and colonocyte systems, resulting in an increased susceptibility to bacterial translocation of 
gram-negative Enterobacteriaceae pathogens, primarily including but not limited to extended-spectrum beta-
lactamases (ESBL) and carbapenem-resistant Enterobacteriaceae, as well as carbapenemase-producing 
Enterobacteriaceae from genera such as E. coli, K. pneumoniae, Enterobacter, Morganella spp., Serratia spp., Providencia 
spp., and other enteric gram-negative bacteria. These enteric gram-negative bacteria are widely prevalent among 
hospitalised patients and are a significant contributor to the excessive use of broad-spectrum antibiotics, particularly 
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carbapenems.  Trophic feeding utilising a specialised enteral nutritional formula predominantly comprising glutamine, 
as observed in the Group IV cohort, is significantly evidenced by numerous emerging studies in the literature to mitigate 
the risk of translocation of enteric gram-negative bacteria and, consequently, gastrointestinal-related 
Enterobacteriaceae sepsis [36-38]. 

Patients without adequate dietary Fiber (EF) may compromise the integrity of enterocytes and colonocytes, increasing 
the risk of bacterial translocation and gastrointestinal-related enterobacteriaceae sepsis. Enterocyte-specific nutrients, 
such as short-chain fatty acids (SCFAs), are crucial for maintaining enterocyte integrity. However, their efficacy depends 
on prebiotic bacteria for fermentation, which may be influenced by antibiotics. GLT, another enterocyte nutrient, 
operates independently of prebiotics and is unaffected by broad-spectrum antibiotics. The GLT theory may explain the 
enhanced ENF GIT tolerance and positive clinical outcomes in patients with ALB, GIT-related systemic inflammatory 
response syndrome (SIRS), and GIT-related enterobacteriaceae sepsis. ArgiMent®, a unique formulation, showed the 
most significant positive clinical and economic outcomes across all variables due to its high protein density, superior 
protein quality, elevated caloric density, immune-enhancing nutrients, and prebiotic galacto-oligosaccharides (GOS or 
Bimuno) and zinc. These factors may explain the enhanced liver albumin synthesis observed in patients with short 
bowel syndrome or other total parenteral nutrition indications, particularly those with a strong suspicion of zinc 
deficiency [39-40]. This research is constrained by its retrospective approach and reliance on single-centre data. 
Nevertheless, our facility is a proficient and high-capacity unit, therefore our data may be beneficial for other centres. A 
comprehensive, multisite, prospective investigation is required to account for many confounding variables.  

5. Conclusion 

In conclusion, administering trophic doses of enteral feeding formulas to hospitalised patients dependent on total 
parenteral nutrition and exhibiting hypoalbuminemia may yield substantial clinical and economic advantages, 
especially if the enteral nutrition formulas are characterised by enhanced nutritional properties, including high protein 
density, glutamate, zinc, and prebiotic enrichments.  

Compliance with ethical standards 

Acknowledgments 

Our appreciation goes to staff of the departments of Royal Medical Services for their enormous assistance and advice. 

Disclosure of conflict of interest 

There is no conflict of interest in this manuscript  

Statement of ethical approval 

This project received ethical approval from our Institutional Review Board (IRB) on August 27, 2024, under registration 
number 6_13/2024. The ultimate endorsement of this study was conducted by the Directorate of Professional Training 
and Planning at 2 Feb 2025. The permission form was waived in this study due to its retrospective nature, and the study 
adhered to the protocols and guidelines entirely compliant with the Helsinki standards. 

Statement of informed consent 

Owing to the retrospective design of this study, the informed consent form was waived. 

References 

[1] Nie J, Su X, Wei L, Li H. Early enteral nutrition support for colon carcinoma patients can improve immune function 
and promote physical recovery. American Journal of Translational Research. 2021;13(12):14102.  

[2] Senkal M, Bonavina L, Reith B, Caruso R, Matern U, Duran M. Perioperative peripheral parenteral nutrition to 
support major gastrointestinal surgery: expert opinion on treating the right patients at the right time. Clinical 
nutrition ESPEN. 2021 Jun 1;43:16-24.  

[3] Roy CM, Bollman EB, Carson LM, Northrop AJ, Jackson EF, Moresky RT. Assessing the indirect effects of COVID-
19 on healthcare delivery, utilization and health outcomes: a scoping review. European Journal of Public Health. 
2021 Jun 1;31(3):634-40.  



World Journal of Biology Pharmacy and Health Sciences, 2025, 21(02), 183-193 

191 

[4] Razu SR, Yasmin T, Arif TB, Islam MS, Islam SM, Gesesew HA, Ward P. Challenges faced by healthcare 
professionals during the COVID-19 pandemic: a qualitative inquiry from Bangladesh. Frontiers in public health. 
2021 Aug 10;9:647315.  

[5] Ardebili ME, Naserbakht M, Bernstein C, Alazmani-Noodeh F, Hakimi H, Ranjbar H. Healthcare providers 
experience of working during the COVID-19 pandemic: A qualitative study. American journal of infection control. 
2021 May 1;49(5):547-54.  

[6] Petroni ML, Brodosi L, Marchignoli F, Sasdelli AS, Caraceni P, Marchesini G, Ravaioli F. Nutrition in patients with 
type 2 diabetes: present knowledge and remaining challenges. Nutrients. 2021 Aug 10;13(8):2748.  

[7] Compher C, Bingham AL, McCall M, Patel J, Rice TW, Braunschweig C, McKeever L. Guidelines for the provision of 
nutrition support therapy in the adult critically ill patient: The American Society for Parenteral and Enteral 
Nutrition. Journal of Parenteral and Enteral Nutrition. 2022 Jan;46(1):12-41.  

[8] Jaarsma T, Hill L, Bayes‐Genis A, La Rocca HP, Castiello T, Čelutkienė J, Marques‐Sule E, Plymen CM, Piper SE, 
Riegel B, Rutten FH. Self‐care of heart failure patients: practical management recommendations from the Heart 
Failure Association of the European Society of Cardiology. European journal of heart failure. 2021 Jan;23(1):157-
74.  

[9] Duerksen DR, Laporte M, Jeejeebhoy K. Evaluation of nutrition status using the subjective global assessment: 
malnutrition, cachexia, and sarcopenia. Nutrition in Clinical Practice. 2021 Oct;36(5):942-56.  

[10] Bechtold ML, Brown PM, Escuro A, Grenda B, Johnston T, Kozeniecki M, Limketkai BN, Nelson KK, Powers J, Ronan 
A, Schober N. When is enteral nutrition indicated?. Journal of Parenteral and Enteral Nutrition. 2022 
Sep;46(7):1470-96.  

[11] Ruggeri E, Giannantonio M, Ostan R, Agostini F, Sasdelli AS, Valeriani L, Pironi L, Pannuti R. Choice of access route 
for artificial nutrition in cancer patients: 30 y of activity in a home palliative care setting. Nutrition. 2021 Oct 
1;90:111264.  

[12] Lopez-Delgado JC, Grau-Carmona T, Mor-Marco E, Bordeje-Laguna ML, Portugal-Rodriguez E, Lorencio-Cardenas 
C, Vera-Artazcoz P, Macaya-Redin L, Llorente-Ruiz B, Iglesias-Rodriguez R, Monge-Donaire D. Parenteral 
Nutrition: Current Use, Complications, and Nutrition Delivery in Critically Ill Patients. Nutrients. 2023 Nov 
3;15(21):4665.  

[13] Sterling LH, Fernando SM, Talarico R, Qureshi D, van Diepen S, Herridge MS, Price S, Brodie D, Fan E, Di Santo P, 
Jung RG. Long-term outcomes of cardiogenic shock complicating myocardial infarction. Journal of the American 
College of Cardiology. 2023 Sep 5;82(10):985-95.  

[14] Hoevelmann J, Engel ME, Muller E, Hohlfeld A, Böhm M, Sliwa K, Viljoen C. A global perspective on the 
management and outcomes of peripartum cardiomyopathy: a systematic review and meta‐analysis. European 
Journal of Heart Failure. 2022 Sep;24(9):1719-36.  

[15] Burns SP, Fleming TK, Webb SS, Kam AS, Fielder JD, Kim GJ, Hu X, Hill MT, Kringle EA. Stroke recovery during the 
COVID-19 pandemic: a position paper on recommendations for rehabilitation. Archives of physical medicine and 
rehabilitation. 2022 Sep 1;103(9):1874-82.  

[16] Inzunza M, Romero C, Irarrázaval MJ, Ruiz‐Esquide M, Achurra P, Quezada N, Crovari F, Munoz R. Morbidity and 
Mortality in Patients with Perioperative COVID‐19 Infection: Prospective Cohort in General, Gastroesophagic, 
Hepatobiliary, and Colorectal Surgery. World journal of surgery. 2021 Jun;45(6):1652-62.  

[17] Amirkhosravi F, Allenson KC, Moore LW, Kolman JM, Foster M, Hsu E, Sasangohar F, Dhala A. Multimodal 
prehabilitation and postoperative outcomes in upper abdominal surgery: systematic review and meta-analysis. 
Scientific reports. 2024 Jul 11;14(1):16012.  

[18] Adams SC, Gura KM, Seres DS, Kovacevich D, Maguire A, Herlitz J, Canada TW, Nishikawa R, Boullata J, ASPEN 
Parenteral Nutrition Safety Committee. Safe care transitions for patients receiving parenteral nutrition. Nutrition 
in Clinical Practice. 2022 Jun;37(3):493-508.  

[19] Keller HH, Laur C, Dhaliwal R, Allard JP, Clermont‐Dejean N, Duerksen DR, Elias E, Gramlich L, Lakananurak N, 
Laporte M. Trends and novel research in hospital nutrition care: a narrative review of leading clinical nutrition 
journals. Journal of Parenteral and Enteral Nutrition. 2021 May;45(4):670-84.  

[20] Pradelli L, Mayer K, Klek S, Rosenthal MD, Povero M, Heller AR, Muscaritoli M. Omega-3 fatty acids in parenteral 
nutrition–a systematic review with network meta-analysis on clinical outcomes. Clinical Nutrition. 2023 Apr 
1;42(4):590-9.  



World Journal of Biology Pharmacy and Health Sciences, 2025, 21(02), 183-193 

192 

[21] Grecco BH, Araújo-Rossi PA, Nicoletti CF. Nutritional therapy for hospitalized patients with COVID-19: A 
narrative and integrative review. Journal of Intensive Medicine. 2022 Oct 25;2(04):249-56.  

[22] Guenter P, Blackmer A, Malone A, Mirtallo JM, Phillips W, Tyler R, Barrocas A, Resnick HE, Anthony P, Abdelhadi 
R. Update on use of enteral and parenteral nutrition in hospitalized patients with a diagnosis of malnutrition in 
the United States. Nutrition in Clinical Practice. 2022 Feb;37(1):94-101.  

[23] Blondal BS, Geirsdottir OG, Halldorsson TI, Beck AM, Jonsson PV, Ramel A. HOMEFOOD randomised trial–six-
month nutrition therapy in discharged older adults reduces hospital readmissions and length of stay at hospital 
up to 18 months of follow-up. The Journal of nutrition, health and aging. 2023 Aug 1;27(8):632-40.  

[24] Marchand S, Lapauw B, Eeckloo K, Deschepper M. Malnutrition risk and severity: Impact on patient outcomes 
and financial hospital reimbursement in a tertiary teaching hospital. Clinical Nutrition ESPEN. 2022 Apr 
1;48:386-92.  

[25] Lew CC, Lee ZY, Day AG, Jiang X, Bear D, Jensen GL, Ng PY, Tweel L, Parillo A, Heyland DK, Compher C. The 
association between malnutrition and high protein treatment on outcomes in critically ill patients: a post hoc 
analysis of the EFFORT protein randomized trial. Chest. 2024 Jun 1;165(6):1380-91.  

[26] Bwakura-Dangarembizi M, Dumbura C, Ngosa D, Majo FD, Piper JD, Sturgeon JP, Nathoo KJ, Amadi B, Norris S, 
Chasekwa B, Ntozini R. Fat and lean mass predict time to hospital readmission or mortality in children treated 
for complicated severe acute malnutrition in Zimbabwe and Zambia. British Journal of Nutrition. 2023 
Sep;130(6):1024-33. 

[27] Vong T, Yanek LR, Wang L, Yu H, Fan C, Zhou E, Oh SJ, Szvarca D, Kim A, Potter JJ, Mullin GE. Malnutrition increases 
hospital length of stay and mortality among adult inpatients with COVID-19. Nutrients. 2022 Mar 21;14(6):1310.  

[28] Starace E, De Pasquale G, Morenghi E, Crippa C, Matteucci S, Pieri G, Soekeland F, Gibbi SM, Lo Cricchio G, Reggiani 
F, Calatroni M. Hospital malnutrition in the medicine and neurology departments: a complex challenge. Nutrients. 
2023 Dec 11;15(24):5061.  

[29] Sanchez-Guillen L, Soriano-Irigaray L, Lopez-Rodriguez-Arias F, Barber X, Murcia A, Alcaide MJ, Aranaz-Ostariz 
V, Soler-Silva A, Navarro-Ruiz A, Arroyo A. Effect of early peripheral parenteral nutrition support in an enhanced 
recovery program for colorectal cancer surgery: a randomized open trial. Journal of clinical medicine. 2021 Aug 
18;10(16):3647.  

[30] Fiaccadori E, Sabatino A, Barazzoni R, Carrero JJ, Cupisti A, De Waele E, Jonckheer J, Singer P, Cuerda C. ESPEN 
guideline on clinical nutrition in hospitalized patients with acute or chronic kidney disease. Clinical Nutrition. 
2021 Apr 1;40(4):1644-68.  

[31] Tan S, Meng Q, Jiang Y, Zhuang Q, Xi Q, Xu J, Zhao J, Sui X, Wu G. Impact of oral nutritional supplements in post-
discharge patients at nutritional risk following colorectal cancer surgery: a randomised clinical trial. Clinical 
Nutrition. 2021 Jan 1;40(1):47-53.  

[32] Shimazu S, Yoshimura Y, Kudo M, Nagano F, Bise T, Shiraishi A, Sunahara T. Frequent and personalized nutritional 
support leads to improved nutritional status, activities of daily living, and dysphagia after stroke. Nutrition. 2021 
Mar 1;83:111091. 

[33] Puri V, Nagpal M, Singh I, Singh M, Dhingra GA, Huanbutta K, Dheer D, Sharma A, Sangnim T. A comprehensive 
review on nutraceuticals: therapy support and formulation challenges. Nutrients. 2022 Nov 3;14(21):4637.  

[34] Kadier A, Ilyas RA, Huzaifah MR, Harihastuti N, Sapuan SM, Harussani MM, Azlin MN, Yuliasni R, Ibrahim R, Atikah 
MS, Wang J. Use of industrial wastes as sustainable nutrient sources for bacterial cellulose (BC) production: 
Mechanism, advances, and future perspectives. Polymers. 2021 Sep 30;13(19):3365.  

[35] Calcaterra V, Verduci E, Cena H, Magenes VC, Todisco CF, Tenuta E, Gregorio C, De Giuseppe R, Bosetti A, Di Profio 
E, Zuccotti G. Polycystic ovary syndrome in insulin-resistant adolescents with obesity: the role of nutrition 
therapy and food supplements as a strategy to protect fertility. Nutrients. 2021 Jun;13(6):1848.  

[36] Siddique SM, Tipton K, Leas B, Greysen SR, Mull NK, Lane-Fall M, McShea K, Tsou AY. Interventions to reduce 
hospital length of stay in high-risk populations: a systematic review. JAMA network open. 2021 Sep 
1;4(9):e2125846-.  

[37] Bargetzi L, Brack C, Herrmann J, Bargetzi A, Hersberger L, Bargetzi M, Kaegi-Braun N, Tribolet P, Gomes F, Hoess 
C, Pavlicek V. Nutritional support during the hospital stay reduces mortality in patients with different types of 
cancers: secondary analysis of a prospective randomized trial. Annals of oncology. 2021 Aug 1;32(8):1025-33.  



World Journal of Biology Pharmacy and Health Sciences, 2025, 21(02), 183-193 

193 

[38] Hersberger L, Dietz A, Bürgler H, Bargetzi A, Bargetzi L, Kägi-Braun N, Tribolet P, Gomes F, Hoess C, Pavlicek V, 
Bilz S. Individualized nutritional support for hospitalized patients with chronic heart failure. Journal of the 
American College of Cardiology. 2021 May 11;77(18):2307-19.  

[39] Gupta A, Gupta E, Hilsden R, Hawel JD, Elnahas AI, Schlachta CM, Alkhamesi NA. Preoperative malnutrition in 
patients with colorectal cancer. Canadian Journal of Surgery. 2021 Nov;64(6):E621.  

[40] Austin A, Flynn M, Richards K, Hodsoll J, Duarte TA, Robinson P, Kelly J, Schmidt U. Duration of untreated eating 
disorder and relationship to outcomes: A systematic review of the literature. European Eating Disorders Review. 
2021 May;29(3):329-45.  


