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80-210 Gdańsk, Poland
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Abstract: Children with severe central nervous system (CNS) impairment are at risk of developing
various degrees of nutritional deficit that require long-term nutritional intervention. Interventions
are most often implemented through enteral nutrition (EN) using commercially manufactured feeds
administered via gastro/jejunostomy or nasogastric or nasojejunal tubes. The modality of feeding—
continuous feeding or bolus feeding—is dependent on the function of the gastrointestinal tract,
particularly the efficiency of gastric emptying. In the literature, the relationship between this type
of nutrition and the occurrence of hyperglycaemia is often discussed. In addition, children with
chronic neurological diseases are vulnerable to disorders of many mechanisms of neurohormonal
counter-regulation related to carbohydrate management, and due to limited verbal and logical
contact, it is difficult to recognise the symptoms of hypoglycaemia in such patients. We aimed to
assess the carbohydrate metabolism in children with severe CNS impairment, with enteral nutri-
tion delivered via nasogastric, nasoenteral, or percutaneous tubes, based on continuous glycaemic
monitoring (CGM) and the measurement of glycated haemoglobin (HbA1c) levels. Materials and
methods: This prospective, observational study included nineteen patients (median (25–75 pc) age:
12.75 (6.17–15.55) years) with permanent CNS damage (Gross Motor Function Classification System
V) receiving long-term tube enteral feeding, recruited from two paediatric university nutritional
treatment centres. Patients with acute conditions and diagnosed diabetes were excluded. The
nutritional status and nutritional support were analysed in all the inpatients in accordance with
a uniform protocol. Using the CGM system (Medtronic iPro2), glycaemic curves were analysed, and
in addition, HbA1C levels were determined in fourteen patients. CGM results were analysed using
GlyCulator2.0. Statistical analysis was performed using the Statistica version 11 software (StatSoft
Inc. Tulsa, OK, USA). Results: More than half (11/19; 58%) of the patients were undernourished
(BMI < 3 pc for age and gender), with the stature age being significantly lower than calendar age
(5 (4.5–9) vs. 12.75 (6.17–15.55) years; p = 0.0010). The actual caloric intake was 50 (37.7–68.8) kcal/kg
(median; 25–75 pc). In patients fed using the bolus method, the number of calories consumed per
day was statistically significantly higher than in children subjected to a continuous feeding supply
(56.00 (41.00–75.00) vs. 33.40 (26.70–50.00) kcal/kg BW (body weight; p = 0.0159). Decreases in blood
glucose levels below the alarm level (<70 mg/dL) were recorded in fifteen patients (78.9%), including
two patients with episodes of clinically significant hypoglycaemia (<54 mg/dL). The minimum
and maximum glycaemic values recorded in any individual CGM records were 67 mg/dL (me-
dian) (minimum: 41 mg/dL; maximum: 77 mg/dL) and 146 (minimum: 114 mg/dL; maximum:
180 g/dL), respectively, for the entire recording. The maximum percentage of glycaemic concentra-
tions > 140 mg/dL (TAR 140) recorded overnight in children with BMI ≥ 3 amounted to 1.6% vs. 0%
in undernourished patients (TAR 140: 0.0 (0.00–1.6%) vs. 0% (0.00–0.0%; p = 0.0375); the percentage
of glycaemic concentrations <70 mg/dL in the entire recording was comparable (0.77% (0.13–2.2%)
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vs. 1.8% (0.5–14.4%) vs. p = 0.2629). There was a positive correlation between the mean daily glucose
recorded using the CGM method and patients’ BMI z-scores (R = 0.48, p = 0.0397). No statistically
significant relationship was demonstrated between the occurrence of alarm hypoglycaemia events in
the CGM records and undernutrition expressed by BMI z-scores (OR = 1.50 (95%CI: 0.16–13.75), the
type of diet (for commercially manufactured OR = 0.36 (95%CI: 0.04–3.52), and the modality of diet
delivery (for bolus feeding OR = 2.75 (95%CI: 0.28–26.61). Conclusions: In children with chronic OU
damage, enteral feeding is associated with a risk of hypoglycaemia, but further studies involving
a larger number of patients are needed, and CGM might be a useful tool to estimate the metabolic
adequacy of enteral nutritional support in terms of glucose control.

Keywords: enteral nutrition; tube feeding; gastrostomy; neurological impairment; continuous glu-
cose monitoring; hypoglycaemia

1. Introduction

Children with severe impairments of the central nervous system (CNS) are at risk of
developing malnutrition and growth failure, the treatment of which requires long-term
nutritional support, most often implemented through enteral nutrition (EN) using standard-
ised commercially prepared formulas administered via gastrostomy, gastro-jejunostomy,
nasogastric (NG), or nasojejunal (NJ) tubes [1,2]. Equations (the Schofield or Harris-Benedict
formulas), including coefficients depending on the level of physical activity and the degree
of undernutrition, are used to determine energy requirements [3]. In clinical practice, how-
ever, the volume of the feed provided is limited by individual patients’ tolerance, primarily
depending on the motor performance of the gastrointestinal tract [4]. Monitoring the
effects and safety of a nutritional treatment is based on the assessment of anthropometric
parameters, body composition, and biochemical measurements [1,2,5]. One of the primary
indicators of systemic homeostasis is glucose concentration, which in children fed enterally
is routinely assessed via single point-of-care serum/capillary blood measurements [1].
Significant advancements in the control of glycaemic disorders have been brought into
clinical practice through continuous glucose monitoring (CGM), which is primarily used
to assess metabolic control in patients with diabetes [6]. Isolated publications which de-
scribe daily glycaemic profiles in non-diabetic enterally fed patients, e.g., neonates or ICU
patients, are available, but no studies have been carried out regarding children with CNS
impairment [7].

In this study, we aimed to assess the carbohydrate metabolism in children with severe
CNS impairment who received enteral nutrition delivered via nasogastric, nasoenteral, or
percutaneous tubes, based on continuous glycaemic monitoring (CGM) and the measure-
ment of glycated haemoglobin (HbA1c) levels.

2. Materials and Methods

This prospective study was carried out as part of a multi-centre project which aimed
to monitor the effectiveness and complications of enteral nutrition in children with central
nervous system impairment and included patients under the constant care of two university-
based paediatric nutritional treatment centres. The study was conducted in a hospital
inpatient setting.

2.1. Subjects

A total of 19 children (10 boys and 9 girls) with CNS impairment were enrolled in the
study. All the patients met the following inclusion and exclusion criteria:

Inclusion criteria were: severe CNS impairment requiring enteral nutrition delivered
via feeding tubes (gastrostomy/gastro-jejunostomy or nasogastric/nasojejunal tubes); age
between 3 and 18 years old; enteral nutrition used for at least 6 months; stable phase of
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nutritional treatment—target/maximum tolerated volume of feed achieved; and informed
consent from parents/legal guardians.

Exclusion criteria included: the occurrence of factors that may affect glucose results
(current infection, fresh trauma, the introduction of new drugs (including glucocorti-
coids)), previously diagnosed diabetes; no informed consent from legal guardian; and
patients ≥ 16 years of age.

In thirteen out of nineteen (68.4%) children, cerebral palsy was diagnosed, with
the remaining six (31.6%) being classified as having encephalopathies of another origin
(including one patient with congenital CNS malformation).

The median (25–75 pc) age of the patients was 12.75 (6.17–15.55) years. Children with
cerebral palsy were older than the patients with other diagnoses (15.50 (12.75–16.42) vs.
5.17 (3.67–6.17) years; p = 0.0010).

The group was homogeneous in terms of the degree of motor dysfunction; all patients
had disorders corresponding to GMFCS Level V according to the Gross Motor Function
Classification System [8,9], and all patients presented with severe intellectual disabilities.

2.2. Nutritional Status Assessment

According to a uniform protocol, the subjects’ nutritional status parameters—body
weight to the nearest 0.1 kg and linear growth indicators (body length/height/segmental
lengths—ulnar or tibial length, using mathematical formulas to estimate height according
to clinical status)—were assessed [10]. A growth age (the age for which the 50th percentile
of the height standard corresponds to the current height/length of the child) was calculated
for each subject [11]. The BMI, weight, and length for age z-scores were calculated based
on anthropometric measurements. For the analysis, the WHO centile grids were used in
the group of children up to 5 years of age, and the current national grids for the population
of healthy children were used for patients aged 6–18 years old [12,13]. The threshold
for undernutrition was defined as BMI ≤ 3 pc, >85 pc for overweight, and >90 pc for
obesity [14].

2.3. Nutritional Support Assessment

In each patient, the route of enteral feeding (intragastric or postpyloric jejunal), mode
of enteral access (percutaneous endoscopic gastrostomy—PEG; percutaneous endoscopic
gastro-jejunostomy—PEG-PEJ; nasogastric tube—NG; nasojejunal tube—NJ), modality of
diet delivery (continuous feeding with the use of enteral pump—CF; bolus feeding—BF)
and type, the amount and composition of the diet (standard commercial formula—SCF;
blenderised home-prepared diet—HD) were assessed. The actual energy intake (ACI)
was estimated, and the values obtained were compared to the recommended daily caloric
intake (RCI) calculated for each patient according to the Schofield formula with appropriate
coefficients, considering the level of physical activity and undernutrition [1,15].

2.4. Carbohydrate Metabolism Assessment

Carbohydrate metabolism was assessed with the continuous glucose monitoring sys-
tem and glycated haemoglobin (HbA1c) concentration measurement. Continuous glucose
monitoring (CGM) was performed using a prospective, blinded method, using a sensor
placed in the subcutaneous tissue on the abdomen for a minimum of 36 h (iPro, Medtronic,
Minneapolis, MN, USA). At least three times a day, capillary blood glucose levels were
measured using a glucometer (Accucheck Performa, Roche Diabetes Care), which was nec-
essary to calibrate the CGM system, and the times of enteral feeding were recorded. Once
the recordings were completed, the electrodes were removed, and data from the record-
ing devices were exported and analysed using the GlyCulator 2.0 application [16]. The
following parameters were assessed: the duration of CGM; the number of measurements
recorded per patient; the mean, minimum, and maximum glucose levels; the number of
hypoglycaemic events (<70 mg/dL and <54 mg/dL), including nocturnal hypoglycaemias;
the number of hyperglycaemic events (>140 mg/dL); time in the range of 70–140 mg/dL
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(TIR); time above the range (>140 mg/dL—TAR); time under the range of <70 (TUR 70);
time under the range of <54 mg/dL (TUR 54); and the coefficient of variation (CV) [17].

The concentrations of HbA1c were determined using the High-Performance Liquid
Chromatography (HPLC) method (Bio-Rad Variant, Bio-Rad Laboratories, Hercules, CA,
USA). The range of normal values was 4.8% to 5.7% [18].

2.5. Statistical Analysis

Statistical analysis was performed using Statistica version 11 (StatSoft Inc.Tulsa, OK,
USA). The data were presented as a mean, along with a standard deviation and a median
with quartile ranges. For variables with distributions that differed from the norm, the
Mann–Whitney U non-parametric test was used. Spearman’s rank correlation coefficient
was used to describe the strength of the correlations. The level of statistical significance
was assumed to be p ≤ 0.05.

3. Results
3.1. Nutritional Status and Nutritional Support

Analyses of the nutritional status and nutritional support of the children included in
the study are presented in Table 1.

Table 1. The nutritional status and nutritional support characteristics of the study group (n = 19).

Variable Description

Body weight (kg)—median (25–75 pc) 19.5 (15.7–25.5)

Body weight z-score—median (25–75 pc) −4.83 (−7.95–−2.65)

Body length (m)—median (25–75 pc) 1.16 (1.12–1.4)

Body length z-score—median (25–75 pc) −3.45 (−4.2–−2.24)

Growth age (years)—median (25–75 pc) 5 (4.5–9)

BMI z-score—median (25–75 pc) −2.26 (−4.41–−1.07)

Intragastric feeding (n/%) 17/89.5

PEG (n/%) 16/84.2

NG (n/%) 1/5.3

Postpyloric feeding (n/%) 2/10.5

PEG-PEJ (n/%) 2/10.5

BF (n/%) 13/68.4

CF (n/%) 6/31.6

100% SCF (n/%) 13/68.4

MD (SCF + HD) (n/%) 6/31.6
PEG—percutaneous endoscopic gastrostomy; NG—nasogastric tube; PEG-PEJ—percutaneous endoscopic gastro-
jejunostomy; BF—bolus feeding; CF—continuous feeding; SCF—standardised commercially manufactured
formula; MD—mixed diet = SCF covering at least 50% of demand + HD—blenderised home-prepared diet.

More than half (11/19; 58%) of the patients were undernourished (BMI < 3 pc for
age and gender), and one child was obese (5.26%). Thirteen of the patients received
a normocaloric (1 kcal/mL), and six received a hypercaloric (1.5 kcal.mL), polymeric diet.

The actual and recommended caloric intakes of patients in this study are shown
in Table 2.

In patients fed using the bolus method, the number of calories consumed per day was
statistically significantly higher than in children subjected to the provision of continuous
feeding (56.00 (41.00–75.00) vs. 33.40 (26.70–50.00) kcal/kg BW; p = 0.0159).

It was observed that children with cerebral palsy tolerated lower numbers of calories
than patients with encephalopathy of other origins (41.00 (37.20–55.00) vs.
66.15 (56.00–90.90) kcal/kg BW; p = 0.0253).
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Table 2. Recommended and actual caloric intake of patients in this study (n = 19).

Variable Description

ACI (kcal)—median (25–75 pc) 1000 (800–1000)

ACI/kg BW (kcal)—median (25–75 pc) 50 (37.7–68.8)

RCI (kcal)—median (25–75 pc) 1038.28 (954.98–1168.18)

RCI/kg BW (kcal)—median (25–75 pc) 50.09 (47.1–60.0)

ACI < RCI (n/%) 11/57.89

ACI > RCI (n/%) 6/31.58

ACI = RCI (n/%) 2/10.52
ACI—actual caloric intake; RCI—recommended caloric intake; BW—body weight.

3.2. Carbohydrate Metabolism

The parameters that were obtained in the CGM are presented in Table 3.

Table 3. Continuous glucose monitoring results (n = 19).

Variable Description

Measurement duration (hours)—mean ± SD/minimum 83 (66–101)/36

Number of recorded measurements in 1 patient—median (25–75 pc) 1001 (798–1221)

Mean glucose (mg/dL)—median (25–75 pc; CV) 97 (92–101; 14.3%)

Minimum recorded glucose level (mg/dL) 41

Maximum recorded glucose level (mg/dL) 180

TIR 70–140 (%)—median (25–75 pc) 98.06 (94.86–99.03)

TAR 140 (%)—median (25–75 pc) 0.74 (0–1.4)

TUR 70 (%)—median (25–75 pc) 1.32 (0.39–3.03)

Number of patients with glucose level < 70 mg/dL (n/%) 15/78.9

Number of patients with glucose level < 54 mg/dL (n/%) 2/10.53
CV—coefficient of variation; TIR 70–140—time in range of 70–140 mg/dL; TAR 140—time above range (glucose
>140 mg/dL); TUR 70—time under range (glucose <70 mg/dL).

Drops in blood glucose below the level of 54 mg/dL were recorded in two patients
(one and three episodes per patient, respectively); their clinical data are presented in Table 4.
The 24 h CGM report displaying hypoglycaemia episodes in a patient receiving continuous
feeding via a gastrostomy tube is presented in Figure 1.

Figure 1. Continous glucose monitoring - example of severe hypoglycemia episodes in gastrostomy
fed patient.
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Table 4. The characteristics of patients with severe (<54 mg/dL) hypoglycaemia.

Variable Patient 1 Patient 2

Age (years) 14.4 17.2

Sex F M

Clinical diagnosis Cerebral palsy Cerebral palsy

BMI z-score −5.25 −3.4

Mode of enteral access/
modality of EF

PEG/
CF

PEG/
CF

Diet type 100% CD 100% CD

ACI kcal/kg BW 37.2 55

RCI kcal/kg BW 48.6 40.1

Number of episodes of
hypoglycaemia <54 mg/dL 1 3

TIR 70–140 (%) 81.3 81.06

TUR 70 (%) 18 18

TUR 54 (%) 11 2.74
F—female; M—male; EF—enteral feeding; PEG—percutaneous endoscopic gastrostomy; CF—continuous feeding;
CD—standardised commercially manufactured diet; ACI—actual caloric intake; RCI—recommended caloric
intake; BW—body weight; TIR 70–140—time in range of 70–140 mg/dL; TUR 70—time under range of <70 mg/dL;
TUR 54—time under range of <54 mg/dL.

The clinical characteristics and CGM parameters of the patients included in this study
with respect to BMI-pc are shown in Table 5.

Table 5. Characteristics of patients in study with reference to BMI-pc (n = 19).

Variable BMI < 3 pc n = 11 BMI ≥ 3 pc
n = 8 p

Age (years) 12.43 (6.17–16.42) 9.76 (5.46–15.07) 0.4328

Clinical diagnosis (n/%) CP (8/72.7)
Other (3/27,3)

CP (5/62.5)
Other (3/37.5) 1.0000

Diet composition (n/%) CD (8/72.7)
MD (3/27.3)

CD n = 7/87.5
MD n = 1/12.5 0.1770

Modality of EF (n/%) BF (9/81.8)
CF (2/18.2)

BF (4/50)
CF (4/50) 0.3189

ACI kcal/kg BW 54.56 (40.80–68.80) 50.60 (28.15–73.20) 0.3859

TAR 140 overnight (%) 0 (0.00–0.0) 0.0 (0.00–1.6) 0.0375

TUR 70
Entire recording (%) 1.8 (0.5–14.4) 0.77 (0.13–2.2) 0.2629

CP—cerebral palsy; CD—standardised commercially manufactured diet; MD—mixed diet = CD covering at least
50% of demand + HD—blenderised home-prepared diet; EF—enteral feeding; BF—bolus feeding; CF—continuous
feeding; ACI—actual caloric intake; BW—body weight; TAR 140—time above range (glucose > 140 mg%); TUR
70—time under range (glucose < 70 mg%).

There was a positive correlation between the mean daily glucose concentrations
recorded using CGM and the BMI z-scores of the patients (R = 0.48, p = 0.0397).

No statistically significant relationship was demonstrated between the occurrence of
alarm hypoglycaemia events in the CGM records and undernutrition expressed in the BMI
z-scores (OR = 1.50 (95%CI: 0.16–13.75)), the type of diet (for commercially manufactured
diets, OR = 0.36 (95%CI: 0.04–3.52)), and the modality of diet delivery (for bolus feeding,
OR = 2.75 (95%CI: 0.28–26.61)).
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Of the 14 patients whose HbA1C levels were measured, the results from five were
below the recommended standard (35.7%). No patients showed elevated HbA1c levels.

4. Discussion

Enteral nutrition has become a standard procedure in the care of patients with severe
CNS impairment and, in many cases, can be considered a life-saving medical intervention.

Children with chronic neurological disabilities of various aetiologies constitute the
dominant group in the paediatric home enteral nutrition (HEN) registries kept in European
countries (about 65% in Italy, 30.5% in Spain, 35% in France, and 30% in the United
Kingdom); research shows that malnutrition affects as many as 46%–90% of patients with
cerebral palsy [19–21].

The more severe the neurological impairment, the more severe the degree of undernu-
trition is [22]. The aetiology of undernutrition in patients with severe CNS impairments is
multifactorial, resulting from disorders of gross and fine motor skills, impaired cognitive
functions, and the inability to communicate hunger and satiety. Fine motor skills disorders
are expressed by difficulties ingesting and chewing as well as oropharyngeal dysphagia
(OPD); swallowing disorders may also be the result of oesophageal strictures complicating
GORD. Dysphagia affects almost all patients with severe motor disorders (GMFCS grades
IV and V); for example, in a study that included 1357 paediatric patients with cerebral palsy,
Calis et al. reported moderate to severe dysphagia in 76% of patients, severe dysphagia
in 15% of patients, and mild dysphagia in 8% of patients [23]. The overall incidence rate
of swallowing disorders was 43%. The ESPGHAN (the European Society for Paediatric
Gastroenterology, Hepatology and Nutrition) recommends the assessment of swallowing
performance in all children with CNS impairment [1].

The recommended treatment for undernutrition in children with severe CNS impair-
ment is enteral nutrition, most commonly realised with a gastrostomy; in clinically justified
situations, long-term nasogastric/nasojejunal tube feeding is accepted [1,2]. Intragastric
feeding is the preferred route of enteral diet delivery, and it was applied in seventeen
(89,5%) of our patients, in all but one, in sixteen (84%), via percutaneous endoscopic gas-
trostomy. In the case of intolerance towards intragastric feeding and in patients for whom
it is difficult to achieve the required nutritional intake, postpyloric access is advised, which
was used in two children (the PEG-PEJ method). The use of standardised ready-to-use
formulae is advocated, albeit some patients are fed a mixed diet or solely a homemade
blenderised diet (as determined by parental/guardian preference). It should be emphasised
that as the use of so-called blenderised diets in tube-fed patients arouses increasing levels
of interest, the assessment of its nutritional value, safety, and cost-effectiveness remains
ambiguous [24]. Recent data suggest that the utilisation of real food containing enteral
formulas can increase caloric intake, support intestinal motility, and promote adequate
weight-for-height gain in patients receiving long-term tube feeding [25]. Among the pa-
tients participating in our study, in 13 (68.4%), the exclusive standardised commercial diet
was administered, and in 6 (31.6%), a mixed diet, including blenderised home-prepared
feeds, was administered. In the case of a mixed diet, at least 50% of the RCI came from the
standardised commercial formula, which is related to the HEN reimbursement rules set by
the payer (the National Health Fund).

Depending on the motoric efficiency of the gastrointestinal tract, enteral diets are
administered as bolus or continuous feeding. In our study, in the majority of children
(13 or 68%), boluses were administered. In this group, the number of calories consumed
per day was statistically significantly higher than that in children subjected to the contin-
uous feeding method (56.00 vs. 33.40 kcal/kg BW; p = 0.0159), which reflects the better
general and digestive tract function of bolus-tolerant children rather than the efficiency of
the feeding method.

Despite the long-term nutritional support provided (tube feeding with a maximum
tolerated caloric intake for at least 6 months), patients presented a significant degree of
undernutrition with a median BMI z-score of −2.26 (−4.41–(−1.07)) and a stature age
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substantially lower than metric one. The obtained parameters, in the absence of dedicated
percentile grids for children with severe CNS impairment, were referred to general popula-
tion standards in accordance with the NASPGHAN (North American Society for Paediatric
Gastroenterology, Hepatology, and Nutrition) guidelines [22]. However, it should be noted
that patients with extreme disabilities who are completely immobile differ significantly
from healthy children in terms of body composition, which concerns the proportion of
lean and fat mass and may affect the interpretation of the anthropometric measurements
obtained. The more precise qualitative assessment of the nutritional status would therefore
require the application of additional methods, such as skinfold and MUAC (mid-upper
arm circumference) measurements, laboratory parameters, and DXA or bioimpedance
procedures, which were not employed in our pilot study.

The CGM carried out in the study group is, to the best of our knowledge, the first
attempt to use this method to assess the carbohydrate metabolism in enterally fed chil-
dren with central nervous system impairment. Originally, the system was developed to
improve glycaemic control in patients with diabetes, and also, the standards for inter-
preting the CGM readings are dedicated to this group of subjects [26]. Subsequently, the
method was deployed in other clinical situations related and not related to disordered
glucose metabolism (e.g., hypoglycaemia in neonates, patients in critical conditions, sport
medicine, and healthy individuals) [27]. We have shown that for patients with chronic
CNS damage who are tube-fed, hypoglycaemia can be a significant clinical problem. In
our patients, the median TUR 70 amounted to 1.32 (0.39–3.03)%, and hypoglycaemia alarm
events were detected in as many as 15 out of the 19 patients (79%), including two who
experienced clinically significant decreases in glucose concentrations (TUR 54: 11% and
2.74%, respectively; Table 3) In healthy subjects, the percentage of time spent with gly-
caemia <70 mg% was estimated to be at the level of 0.4% (corresponding to 6 min/day) in
children 1–6 years old and 1.1% (15 min/day) in the older population (7–80 years); at least
one episode of hypoglycaemia occurred in 23% and 28% of the subjects in these groups,
respectively [28,29].

The clinical picture of hypoglycaemia consists of symptoms of autonomic stimulation
(e.g., sweating, palpitations, anxiety, hunger, paraesthesia, and hypothermia) and neu-
roglycopenia (e.g., drowsiness, confusion, and seizures) [30]. In our patients presenting
with severe CNS impairment, hypoglycaemia was diagnosed on the basis of defined CGM
criteria (as at least two sensor values <54 mg (<70 mg/dL) that were ≥15 min apart with
no intervening values >54 mg/dL (<70 mg/dL). Due to the modality of CGM employed in
the study (blinded recording with retrospective analysis), no specific interventions were
undertaken in real time.

The evaluation of hypoglycaemia in non-diabetic patients is complex—it can be as-
sociated with severe illness, malnutrition, medications, hormonal deficiencies, tumours,
and GI surgery; in young children, innate errors in the metabolism should be taken into
consideration [30].

Children with clinically significant hypoglycaemia subjected to our study were fed
via PEG, one of whom received a lower than recommended caloric intake (continuous
feeding) and one higher than recommended (bolus feeding); the percentage of time with
alarm hypoglycaemia was 11 and 2.8%, respectively (Table 4). In both cases, during
81% of the period of CGM, glucose was within the normal range (TIR 70–140), which
indicates that the probability of capturing severe hypoglycaemia using routine, one-time
measurements of blood glucose (point of care) would be very low in the group of patients
we studied. Meanwhile, the results of HbA1c evaluation (5/14 patients showed subnormal
concentrations) suggest that hypoglycaemia may be a significant and underestimated issue
in tube-fed patients with CNS impairment [31]. The assessment of HbA1c in children with
CNS impairment fed artificially has not yet been studied by other authors.

In our patients, the CGM was carried out in the inpatient setting, and the course of
the feed supply was supervised by the parents/guardians accompanying the patients and
medical staff at the same time. The actual consumption of the enteral diet was assessed,
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and the values obtained were compared to the recommended caloric intake calculated
for each patient according to the Schofield formula based on growth age. Despite the
optimisation of the patients’ nutritional therapy (the exclusion of factors that may interfere
with feeding tolerance and the support of professional staff in the preparation and supply
of the feed), it was still not possible to meet the estimated caloric requirements in more than
half of the subjects (11/19; 57.89%; Table 2). We found that the actual energy intake fulfilled
the amount estimated by the Schofield formula in only 2/19 children, and in 6/19, the
intake was higher than recommended. Although in children fed with the bolus method the
number of calories consumed per day was higher than in children fed with the continuous
feeding method, no significant differences were found in the glycaemic profiles.

We have demonstrated a positive correlation between the mean daily glycaemia
recorded using the CGM method and the patients’ BMI z-score (R = 0.48, p = 0.0397).
The only statistically significant difference in the CGM parameters between the examined
children, depending on their BMI, concerned the overnight time spent with glucose above
140 mg/dL (TAR 140; Table 5). The maximum of overnight TAR 140 in children with
BMI ≥ 3 amounted to 1.6%, whereas none of the undernourished patients (BMI < 3 pc)
presented with hyperglycaemia. The clinical relevance of this finding needs to be evaluated
further, as the median values of overnight TAR 140 in both groups were at similar levels—
0%. The percentages of time with glycaemic concentrations <70 mg/dL in children with
BMI < 3 pc and BMI ≥ 3 pc were comparable (p = 0.2629).

Our results show that in the real-life setting, even with an optimised feeding modality
(continuous delivery in bolus-intolerant children) and the modified energy density of
the diet (6/19 children received a hypercaloric diet), in some patients, it is not possible
to achieve an adequate energy supply. This limitation is due to the secondary, severe
gastrointestinal dysfunction that characterises patients with severe CNS impairment—
gross motor dysfunction leads to muscle contractures and musculoskeletal deformities,
including, in particular, multidimensional spinal deformities, resulting in the displacement
of gastrointestinal organs and the impairment of gastrointestinal motility. These disorders
may manifest as gastro-oesophageal reflux, gastric-emptying disorders, and constipation,
most often comorbid. The prevalence rate of GORD in patients with cerebral palsy is
estimated to be 75%, and the prevalence rate of constipation was estimated to be between
26 and 74% [32]; according to Hollung et al. [33], as many as 95% of patients with cerebral
palsy are affected by at least one comorbidity. These complications make tube feeding
very difficult in patients with severe CNS impairment, and total enteral nutrition does
not always effectively fulfil caloric requirements, so energy reserves may be too low to
effectively maintain normoglycaemia.

Another mechanism responsible for the occurrence of hypoglycaemia in tube-fed
children with CNS impairments may be dumping syndrome. Dumping syndrome is a con-
sequence of a rapid delivery of nutrients to the duodenum, which triggers a systemic neural
and hormonal response. Based on International consensus on the diagnosis and manage-
ment of dumping syndrome [34], the syndrome is subdivided into early (hyperglycaemia,
gastrointestinal, and vasomotor symptoms occurring within the first hour after a meal)
and late (reactive hypoglycaemia 1–3 h after a meal) forms. This pathology is a frequent
complication of oesophageal and gastric surgery and was also reported in children after
gastrostomy placement [35]. Dumping syndrome which occurs in non-surgical patients
is classified as idiopathic. Diagnostic tests for dumping syndrome include: spontaneous
plasma concentrations of glucose < 50 mg/dL and the modified oral glucose tolerance test
(OGTT) as the preferred method. The suitability of CGM has not been verified.

In addition, severe malnutrition and/or CNS damage alone may impair the mecha-
nisms of the neuro-hormonal counter-regulation of glucose homeostasis, leading to hypo-
glycaemia [30,36–38]. Physiologically, under conditions of hypoglycaemia and low energy
availability, brain anorexigenic glucose-inhibited neurons are activated, and consequently,
glucagon (pancreas), adrenaline (adrenal medulla), ACTH (pituitary gland), and gluco-
corticoids (adrenal cortex) are released. Data regarding the HPA axis in undernourished
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children with severe CNS damage and utilising tube feeding are lacking; in patients with
cerebral palsy, higher levels of cortisol compared with controls were reported [39].

It is also important to note that technical problems, such as incidentally pressing
on the sensor, may lead to false-positive hypoglycaemia readings (this was excluded in
our patients).

The results of our study suggest a need for the closer monitoring of glycaemic home-
ostasis and indicate that hypoglycaemia may be a genuine concern in children with CNS
impairment utilising enteral nutrition. This is an important observation, as currently-
published studies regarding the metabolic complications associated with tube feeding in
non-diabetic patients have focused on subjects in critical conditions, under stress, after
surgery, and often receiving glucocorticoids or vasoconstricting drugs [40–44]. In our study,
we did not identify any patients meeting the criteria for a diagnosis of diabetes, further
confirmed by normal glycated haemoglobin (HbA1C) values, which did not exceed the
normal range in any of our patients.

The main limitations of our study are the small group size, due in part to the inpatient
observation model adopted in the protocol, and secondly, the relatively short duration
of CGM. On the one hand, this ensured the optimisation of nutritional therapy and the
accuracy of glycaemic monitoring but was nevertheless inconvenient for the patients’
parents/caregivers.

We suggest that in children with severe CNS impairment, the implementation of
the CGM system would be the most important in the initial stage of nutritional support,
when the optimal composition, volume, and mode of delivery of the enteral diet are
determined. In patients presenting with clinically relevant glucose alterations, extended
clinical evaluation with the use of the latest real-time glucose monitoring systems with
a hypoglycaemia/hyperglycaemia alarm [45] (in our current study, the blinded CGM
system was utilised), alongside the detailed analysis of individual energy expenditure,
body composition, nutritional support course, and endocrine factors should be considered.

5. Conclusions

Enteral nutrition delivered via nasogastric, nasoenteral, or percutaneous tubes in
children with chronic CNS impairment is associated with the risk of hypoglycaemia, and
CGM might be a useful tool to estimate the metabolic adequacy of enteral nutritional
support in terms of glucose control.

Author Contributions: E.T.-K. planned the study. J.K. and A.S.-S. coordinated the study. M.G., A.B.,
J.K. and M.M. collected data. M.G. and A.S. performed the statistical analysis. E.T.-K., M.G. analyzed
the literature. E.T.-K., M.G. were major contributors in writing the manuscript study. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Bioethics Committee of the Medical University of Lodz (Approval
Code RNN/152/08/KE) and the Bioethics Committee of the Medical University of Gdansk (Approval
Code NKBBN/219/2014).

Informed Consent Statement: Informed consent was obtained from the individuals’ parents/legal
guardians in all cases.

Data Availability Statement: Requests for access to data, may be made by contacting the correspond-
ing author.

Conflicts of Interest: The authors declare no conflict of interest.



Nutrients 2023, 15, 513 11 of 12

References
1. Romano, C.; van Wynckel, M.; Hulst, J.; Broekaert, I.; Bronsky, J.; Dall’Oglio, L.; Mis, N.F.; Hojsak, I.; Orel, R.;

Papadopoulou, A.; et al. European Society for Paediatric Gastroenterology, Hepatology and Nutrition guidelines for the
evaluation and treatment of gastrointestinal and nutritional complications in children with neurological impairment. J. Pediatr.
Gastroenterol. Nutr. 2017, 65, 242–264. [PubMed]

2. Romano, C.; Dipasquale, V.; Gottrand, F.; Sullivan, P.B. Gastrointestinal and nutritional issues in children with neurological
disability. Dev. Med. Child Neurol. 2018, 60, 892–896. [CrossRef]

3. Becker, P.; Carney, L.N.; Corkins, M.; Monczka, J.; Smith, E.; Smith, S.E.; Spear, B.A.; White, J.V. Consensus Statement of the
Academy of Nutrition and Dietetics/American Society for Parenteral and Enteral Nutrition: Indicators Recommended for the
Identification and Documentation of Pediatric Malnutrition (Undernutrition). Nutr. Clin. Pract. 2015, 30, 147–161. [CrossRef]

4. Andrew, M.J.; Parr, J.R.; Sullivan, P.B. Feeding difficulties in children with cerebral palsy. Arch. Dis. Child. Educ. Pract. Ed. 2012,
97, 222–229. [CrossRef]
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