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Abstract:Background/Objectives. Nutrition therapy for diseased patients should satisfy patients’
nutritional needs and address the specific disease-related requirements. This study evaluated the
prevalence and appropriateness of artificial nutrition (AN) prescriptions at University Hospital.
Methods. On a single day, a multidisciplinary team of physicians and dietitians with specialized
training in clinical nutrition assessed patients receiving AN. Except for ICU patients, caloric
requirements calculations were performed using BMlI-specific predictive formulas adjusted with a
metabolic stress factor according to clinical condition. Results. Among 578 hospitalized patients from
36 different wards, 9.7% (30/26 males/females; mean age 67.1 + 11.6 years) were receiving AN (39 total
parenteral nutrition [TPN], 16 enteral nutrition [EN], and 1 enteral plus supportive parenteral
nutrition [SPN]). The most common primary diagnoses were cancer (21.4%) and respiratory failure
(17.8%). Only four patients were hospitalized for primary malnutrition. The median time to initiate
AN after the hospital admission was 3 days (IQR 0-13.5 days). Only 10 patients with a peripheral
implanted central catheter (PICC) met the proper caloric intake, and only 5 of them received an
adequate protein intake (=1 g/kg body weight). Among patients receiving EN, 11 were allocated to
ICU, and their caloric intake was 6-12 kcal/kg b.w., while protein intake was 0.44 + 0.16 g/kg b.w.
Conclusions. The findings highlight significant gaps in the clinical application of nutrition support,
including delayed initiation, underdosing, and variability across patient groups. These issues
demonstrate the necessity of improved nutritional screening, earlier intervention, and greater
involvement of trained nutrition professionals in hospital care pathways.

Keywords: malnutrition; artificial nutrition; enteral nutrition; parenteral nutrition; hospitalized
patients

1. Introduction

Malnutrition due to inadequate nutritional intake is frequently observed in hospitalized
patients. It is prevalent in geriatric, oncologic, and gastroenterological patients, and those with
chronic or severe diseases [1]. However, this condition involves also well-nourished patients who
experience a decline in nutrition status during hospitalization in 30% - 38% of the cases [2].

Malnutrition significantly impacts clinical outcomes, including increased mortality, morbidity,
length of hospital stay, and overall healthcare costs. International guidelines from the European
Society for Clinical Nutrition and Metabolism (ESPEN) and the American Society for Parenteral and
Enteral Nutrition (ASPEN) strongly recommend early nutritional screening within the first 24-48
hours of hospital admission to initiate timely and appropriate nutritional interventions [3,4].
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Artificial nutrition (AN), whether enteral or parenteral, is a critical intervention to ensure
adequate caloric and protein intake in patients unable to meet their nutritional requirements orally.
Despite detailed recommendations provided by international scientific societies, numerous studies
highlight substantial variability and deficiencies in clinical practice, notably delays in initiating AN,
inadequate caloric and protein dosing, and disparities in treatment across patient groups [5,6,7].

Nutrition therapy for diseased patients is often complex, as it should not only satisfy patients’
nutritional needs but also address the specific disease-related requirements. This is challenging for
healthcare providers who don’t have specific nutrition training. Moreover, clinical nutrition
education remains inconsistent within university medical curricula, leading to inadequate
knowledge among healthcare professionals, exacerbating this issue [8].

Recent studies underline the necessity for improved and standardized nutrition education in
medical schools to enhance clinician awareness and competency regarding the importance of
nutritional management in clinical practice [9,10].

In this report, we present the results obtained by collecting data on hospitalized patients
undergoing AN across 35 medical and surgical wards and the intensity care unit in a university
hospital in Southern Italy. This study aims to describe the implementation of AN in real-world
hospital settings, paying particular attention to adherence to international guidelines and optimal
standards of nutritional care, and identifying critical issues and areas for improvement in clinical
practice.

2. Patients and Methods

This observational study was conducted over a single day and evaluated patients receiving
artificial nutrition (AN) at the Bari Polyclinic University Hospital. The nutritional treatment consisted
of total parenteral nutrition (TPN) or enteral nutrition (EN) or EN plus supportive parenteral
nutrition (SPN). Patients were allocated to 35 medical and surgical wards or the intensity care unit
(ICU). For each patient, we collected data on anthropometric measurements, underlying medical
conditions, comorbidities, and all relevant information concerning their AN. These data were
collected by a team of trained medical doctors and dietitians specialized in this field. Patients' body
weight was measured, whereas, in most cases, height was calculated using the length of the ulna, as
reported in the literature [11]. We assessed the appropriateness of nutritional treatment to determine
whether it met the patients' medical conditions and caloric-protein needs. The total caloric intake was
calculated based on the nutritional bag or enteral product as well as the duration of the infusion.
Caloric requirements were calculated using the most accurate prediction formula suggested for a
specific body mass index (BMI) range. The Harris-Benedict was used for BMI values >18.5 and <25
kg/m?, WHO equation for a BMI 225 and <30 kg/m?, Mifflin for a BMI 30-39.9 kg/m?, and Henry for
a BMI 240 kg/m? [12]. The basal metabolic rate calculated from these formulas was then multiplied
by a factor of 1.2-1.6, depending on the patient’s clinical condition, except for ICU patients. For those
in the ICU, appropriate nutrition was considered either ”trophic nutrition” (10-20 kcal/h or up to 500
kcal/day) or “full nutrition” (>80% of estimated or calculated energy and protein requirements),
depending on the timing of their admission to the ICU [13].

The study was conducted in agreement with the ethical guidelines of the Declaration of Helsinki
and received approval from the Ethic Committee (Prot. 373; 12/06/2024).

2.1. Statistical analysis

Continuous variables were expressed as mean * standard deviation (SD) or median and
interquartile range (IQR) based on the distribution verified by the Shapiro-Wilk test. All statistical
analyses were performed using Microsoft Excel 2021 (Microsoft Corp., Redmond, WD, USA).
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3. Results

Among 578 hospitalized patients, 56 (9.7%; 30 males, 26 females), with a mean age of 67.1 £ 11.6
years, were receiving artificial nutrition (AN). The modalities of AN administration were as follows:
total parenteral nutrition (TPN) in 39 patients, enteral nutrition (EN) in 16 patients, and EN plus
supportive parenteral nutrition (SPN) in 1 patient (Figure 1).

1.8%
B N
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Figure 1. Distribution of artificial nutrition types TPN: total parenteral nutrition, EN: enteral nutrition, EN +

SPN: enteral plus supportive parenteral nutrition.
Demographic and clinical characteristics of patients receiving AN are described in table 1.

Table 1. Demographic, anthropometric and clinical characteristics of patients undergoing artificial nutrition.

Total ICU Other wards
Parameters
(n=56) (n=15) (n=41)
Age (years), mean + SD 67.1+11.6 65.8£10.9 67.6+12.1
Gender (M/F) 30/26 8/7 22/19
BMI (kg/m?), mean + SD
249+3.3 30.6 5.8 23.7+1.8
males
252+6.1 36.5+14.7 22.1+3.8
females
Days from admission to AN
3 (0-13.5) 1(0-2) 5 (0-16)
-median (IQR)-
Main pathology, n (%)
Cancer 12 (21.4%) 1 11
Respiratory failure 10 (17.8%) 3 7
Polytrauma 7 (12.5%) 7 -
Sepsis 6 (10.7%) 2 4
Neurological diseases 5 (8.9%) - 5
Surgical conditions 4 (7.1%) 1 3
Renal diseases 3 (5.3%) - 3
Heart diseases 3 (5.3%) - 3
Malnutrition 4 (7.1%) - 4
Complicated chronic bowel disease 1(1.8%) - 1
Extended burn 1 (1.8%) 1 -
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BMI in males ranged from normal to overweight (= 18.5 - < 30 kg/m?), whereas some females
were underweight (BMI < 18.5 kg/m?) or obese (BMI > 30 kg/m?). The median time to initiate AN after
hospital admission was 3 days (IQR 0-13.5 days). In detail, ICU patients received an earlier AN from
admission compared to patients in other wards [median time 1 day (IQR 0-2) compared to 5 days
(IQR 0-16), respectively]. Patients admitted to the ICU accounted for 15 (26.8%), whereas 37 (66.1%)
were admitted to various medical wards, and 4 (7.1%) to surgical wards (Table 1). The main cause of
hospitalization was cancer (21.4%) (9 solid tumors, 3 hematological malignancies), followed by
respiratory failure (17.8%) (7 acute and 3 acute on chronic). The remaining 34 patients were
hospitalized for different pathologies, including 4 (7.1%) for malnutrition (Table 1).

As shown in table 2, among the 39 patients receiving TPN through a venous access, 21 had a
peripheral catheter (PC), 8 had a midline catheter (MC), and 10 had a peripheral implanted central
catheter (PICC). Only three patients with a PICC achieved the proper caloric intake through the
infusion of a peripheral (low osmolarity) (1 patient) or a central (high osmolarity) (2 patients)
nutritional bag. However, only 1 of them received an adequate protein intake (= 1g/kg b.w.).

Table 2. Main characteristics of the parenteral nutrition treatment. PA: peripheral catheter; MC: midline catheter;
PICC: peripheral implanted central catheter.

Parameters evaluated NGT* PEG NGT + SPN**
1 kcal/ml (4) 1 kcal/ml (SNG)
1.3 kcal/ml (1) 1.1 kcal/ml (SPN) (1)

Calories per nutritional product (No. of

pts)
Total calories infused (kcal)

1 kcal/ml (11)

741 +119 869 + 302 984
mean * SD
Kcal/kg b.w. 10+4 15+7 12.8
No. of pts with adequate intake 0 1 0
Protein (g)/kg b.w. 0.41+0.15 0.7+0.4 0.53
No. of pts with adequate intake 0 1 0

Patients receiving EN were fed via nasogastric tube (NGT) (n. 12 pts.), percutaneous endoscopic
gastrostomy (PEG) (n. 5 pts.), or NGT combined with SPN (n. 1 pt.) (Table 3).

Table 3. Main characteristics of the enteral nutrition.

Parameters evaluated PC MC PICC
Calories per nutritional bag (No. of 0.7 kcal/ml (8)
.7 kcal/ml (21 .7 kcal/ml
pts) 0.7 kcal/ml (21) 0.7 kcal/ml (8) 1.1 keal/ml (2)
Total calories mf:[s)ed (kcal) mean + 876 + 143 964 + 156 1911 + 258
Kcal/kg b.w. 15+4 17+7 17 +4
No. of pts with adequate intake 0 0 3
Protein (g)/kg b.w. 0.55+0.15 0.64+0.24 0.70+0.17
No. of pts with adequate intake 0 0 1

* Ten of these patients were in intense care unit. ** This patient was in intense care unit.

Almost all patients on NGT feeding (11 out of 12) were in the ICU and their caloric and protein
intake was 6-12 kcal/kg b.w. and 0.44 + 0.16 g of proteins/kg b.w., respectively. The 5 patients fed
through PEG were allocated to different medical and surgical wards. Only 1 of the 17 patients
receiving EN received an adequate caloric and protein intake (1625 kcal/day and 1.38 g protein/kg
b.w.). The patient receiving NGT plus SPN was admitted to the ICU after surgery and received a low
caloric and protein intake.

4. Discussion

Our findings suggest an increased utilization of artificial nutrition in hospitalized patients
compared to previous data from literature obtained in a similar contest [14]. However, despite this
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increase, the adherence to evidence-based guidelines regarding the timing, the dosage, and the
modality of nutritional support is still unsatisfactory.

One of our most relevant findings was the delay in initiating nutritional therapy. Except for
patients admitted to ICU, nutritional treatment started 10 days after admission in about 50% of the
patients. This delay is clinically relevant if we consider that early nutritional support has been
associated with reduced morbidity and mortality in both general ward and ICU patients. Current
ESPEN guidelines recommend starting nutritional therapy within 48 hours for high-risk or
malnourished individuals, while our data reflect a suboptimal application of these clinical protocols.

Furthermore, we found that only three patients among those receiving total parenteral nutrition
reached their energy requirements using prediction equations, as reported in the materials and
methods section [12], or simply applying the range 20-30 kcal/kg b.w. [15, 16]. Moreover, among
them, only one met the correct protein target (> 0.8-1.0 g/kg b.w./day) [16,17]. Patients on enteral
nutrition experienced similar unsatisfactory nutritional support, with only one achieving adequate
energy and protein intake (> 0.8-1.0 g/kg b.w./day) [16].

All the patients admitted to ICU received trophic nutrition (10-20 kcal/h or up to 500 kcal/day),
i.e. alow intake of calories and proteins, which was maintained throughout their stay in the intensive
care unit. However, trophic nutrition is considered appropriate when administered during the initial
period of admission in ICU. Subsequently, critically ill patients should receive at least two-thirds of
their prescribed caloric intake, as suggested by their lower risk of death compared to those receiving
less than one-third of their prescribed amount (odds ratio 0.67; 95% confidence interval 0.56-0.79;
p<0.0001) [18,19]. Furthermore, patients admitted to intensive care suffer from a persistent state of
inflammation, catabolism, and immunosuppression that influence their prognosis so that 56% of
them die before discharge or require a long period of rehabilitation following discharge [20,21].

As far as the modality of nutritional support, our findings indicate a clear prevalence of the use
of total parenteral nutrition compared to enteral nutrition and the total absence of the use of food for
special medical purposes. Several theoretical reasons, corroborated by numerous experimental data,
strongly support the benefits of choosing EN over PN [22,23]. However, the advantage of enteral
feeding seems limited to surrogate nutritional outcomes such as length of hospital stay and intestinal
function recovery or other clinical outcomes such as risk of infections [22,24]. Therefore, the choice
should depend on the availability of the gastrointestinal tract for feeding and the patient’s tolerance
levels [22,23].

Finally, our analysis also reveals an unequal distribution of nutritional care based on the
diagnosis of admission. Most patients were admitted with cancer or respiratory failure, whereas only
7.1% were hospitalized for primary malnutrition, reflecting a missed opportunity for early
identification and proactive support. This insufficient nutritional engagement seems connected to the
lack of systematic screening tools.

The use of screening tools to recognize patients at risk of malnutrition should be mandatory for
hospitalized patients, in order to prevent or treat malnutrition. There are currently several
malnutrition screening tools available, such as malnutrition universal screening tool (MUST),
malnutrition screening tool (MST), nutritional risk screening 2002 (NRS-2002), and minimal
nutritional assessment (MNA) short form. [25]. They differ in their complexity depending on the
number of parameters evaluated. Other widely validated screening tools for the diagnosis of
malnutrition are the Global Leadership Initiative on Malnutrition (GLIM) criteria and the Patient-
Generated Subjective Global Assessment (PG-SGA). [26,27].

Once patients at risk of malnutrition are identified, the application of the screening tools should
be followed by diagnosis and appropriate treatment, which can range from simple dietary counseling
to artificial nutrition. This should entail strict collaboration between dieticians and physicians with
specific nutrition competencies. These tools are inconsistently applied, however, thus contributing to
the under-detection of malnourished patients and delayed treatment.
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Despite the NEMS (Nutrition Education in Medical Schools) initiative by ESPEN and existing
postgraduate education via the Life-Long Learning (LLL) platform, clinical nutrition remains
undervalued in medical education [28,29,3].

This study reinforces the urgent need for systematic screening using validated tools on
admission, standardized early activation protocols for AN, tailored educational programs to bridge
existing knowledge gaps, and organizational models that include dietitians and clinical nutritionists
in multidisciplinary teams.

Improving these areas is critical to reduce the burden of hospital-related malnutrition and
ensure equitable, timely, and effective nutritional support.

5. Conclusions

All these data document a lack of specific nutritional training for healthcare providers and the
absence or simply an undervaluation of the involvement of an expert nutritionist in the clinical care.

The persistent challenges in implementing artificial nutrition in a hospital setting despite the
existence of comprehensive guidelines highlights the discrepancy between the growing awareness
around the importance of nutritional support and the clinical practice.

The integration of trained nutrition professionals within care teams should become standard
practice to guarantee a systematic screening for malnutrition with a timely initiation of nutritional
support. Moreover, introducing undergraduate and postgraduate courses in clinical nutrition would
empower healthcare providers with the necessary tools for an appropriate nutritional care.

Efforts to optimize nutritional therapy can improve patient outcomes, reduce healthcare costs,
and reduce the gap between guidelines and practice. Prospective studies are still necessary to
evaluate the impact of structured interventions in nutritional education and their effects on clinical
care outcomes.
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Abbreviations

The following abbreviations are used in this manuscript:

AN Artificial nutrition

ICU Intensive care unit

TPN Total parenteral nutrition

EN Enteral nutrition

SPN Supportive parenteral nutrition
PICC Peripheral implanted central catheter
PC Peripheral catheter

MC Midline catheter

NGT Naso-gastric tube

PEG Percutaneous endoscopic gastrostomy
MUST Malnutrition universal screening tool
MST Malnutrition screening tool
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NRS-2002 Nutritional risk screening 2002

MNA Minimal nutritional assessment

GLIM Global leadership initiative on malnutrition
PG-SGA Patient-generated — subjective global assessment
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