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ARTICLE INFO SUMMARY
Am‘c{e history: Background & aims: Urolithiasis affects pediatric patients with severe acquired brain injury, in whom the
Received 22 November 2017 role of several clinical variables and of the presence and composition of enteral nutrition has not been
Accepted 3 May 2018 investigated.

Methods: Retrospective chart review on 371 pediatric patients with severe acquired brain injury. We
Keywords: used an essential electronic database to check the association between stones and enteral feeding. We

Enteral nutrition then picked at random paper clinical records until we collected 20 and 20 complete records for patients

;trzril:sinjury with/without stones, not matched. With that information, we tested the association of stones with:
Pediatric nutrition facts of enteral formulae (sodium, potassium, calcium, magnesium, phosphorus, proteins,

Rehabilitation vitamin C); bladder dysfunction, urinary infections, catheterisms, tracheostomy, gallstones, way of
feeding; blood and urine exams before stones diagnosis; age, type and severity of injury; prior physical
activity, relevant drugs.

Results: All patients with stones were fed enterally. At univariate statistics they were older, weighed

more, received bigger volumes of hydration and nutrition; they had worse GCS, more UTIs and they alone

received catheterisms; their nutrition mixes were richer in sodium.

In multivariate logistic regression for stone development, UTIs (OR 11.4,95% C.I. 1.6—83.4) and higher sodium

nutrition content (OR 7.5, 95% C.I. 1.6—34.3) were risk factors; higher GCS (OR 0.66, 95% C.I. 0.43—0.99) and

higher calcium nutrition content (OR 0.14, 95% C.I. 0.03—0.73) were protective factors.

Conclusions: Besides known risk factors for urolithiasis, including UTIs, catheterisms, worse neurological

states, also enteral nutrition was a risk factor, particularly with higher sodium and lower calcium con-

tents. Future studies should test the effect of different sodium/calcium nutrition contents on lithogenesis.
© 2018 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction injuries [1]. The issue may as well regard pediatric patients; among
them children who suffered acquired brain injury (ABI) are at sig-
Urolithiasis is a known issue in adult patients with persistent nificant risk, being often immobile and requiring enteral nutrition
disease or nutrition problems, or who are in rehabilitation from and hydration [2,3] until rehabilitation is completed. The imposition
of an enteral nutrition regimen may contribute to urolithiasis,
because the fixed contents and volumes it entails prevent the body
[ from adjusting feeding and hydration intake [4]. Stones may be of
Abbreviations: ABI, acquired brain injury; GCS, Glasgow Coma Scale score; NGT, different nature depending on their ontogeny, for instance: exces-
nasogastric tube; PEG, percutaneous endoscopic gastrostomy; PEJ, percutaneous . : . . . .
o ' i ; ST Lo sive alkalization of the urine leads to the formation of calcium
endoscopic jejunostomy; UTIs, urinary tract infections; Vit.C, vitamin C. 3 . o .
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the urinary tract by urease-producing bacteria leads to the forma-
tion of struvite (triple-phosphate) stones. For each type of stone,
appropriate therapies can be chosen [5]. Since the most frequent
kidney and bladder stones are made of mineral salts [6] rather than
uric acid, the electrolyte content of nutrition mixtures and its bal-
ance in the body may be a crucial determinant of urolithiasis.
Another factor that is often associated with severe ABI and uro-
lithiasis is the presence of urinary tract infections (UTIs). This does
not only regard urease-splitting bacteria, such as Proteus spp.,
which produce struvite stones [7,8], thus allowing to determine a
clear cause—effect relationship, but also calcium-phosphate/oxalate
based stones. In the latter case, the precise causal association be-
tween UTIs and stones has not been yet elucidated [9], but it is
clinically important to acknowledge that UTIs and stones may have
a role for reciprocal sustainment, even leading to chronic pyelone-
phritis [10]. Considering patients who suffered brain injury, both
UTlIs and nephrolithiasis may be further promoted by a neurogenic
bladder dysfunction [7,8], leading to the typical clinical situation of
patients who simultaneously present with the three associated
components: neurogenic bladder, UTIs, and stones, and may also
add a fourth component, which is the need for catheterization.

Risk factors for stone formation like immobility, neurogenic
bladder, UTIs, and catheterization are already known and addressed
by specific treatments; by contrast, scant work exists on the role of
enteral nutrition. Knowing whether specific qualitative or quanti-
tative parameters of nutrition can affect stone formation may help
defining the most appropriate nutritional therapy, allowing the
correct choice among the many existing nutrition formulae, with
different amounts of elements.

2. Methods

Data used for this work were collected retrospectively, from our
Institutional electronic clinical database, and from paper clinical
records. Following the Italian law, this retrospective collection of
anonymized data did not require ethical approval. All procedures
described in this work were carried out in accordance with the
Declaration of Helsinki. Inclusion criteria for this study were: being
admitted to our rehabilitation unit after severe ABI through the
years 2007—2016; having had no prior occurrence of kidney stones;
having no congenital conditions which may predispose to the
development of kidney stones. We initially collected data from the
clinical database of the Institute, recording only essential infor-
mation. It contains admission and discharge dates, diagnoses with
dates, and the list of interventions performed with dates. From this
database, we collected data on the occurrence of kidney stones (of
any size: gravel or stones) and on the requirement of enteral
nutrition on the whole population of patients with severe ABI
admitted to our rehabilitation unit during the study years. The aim
was to verify whether the requirement of enteral nutrition was
associated with the occurrence of kidney stones. We then consid-
ered a sample of patients who received enteral nutrition, to analyze
their clinical characteristics and the nutrition facts of enteral
formulae, with the hypothesis that they may have contributed to
the formation of kidney stones. In order to perform this analysis, we
had to retrieve additional information from the original clinical
records, which are paper documents. Considering that data are of
retrospective nature, not all patient records contain all information;
therefore, we chose to examine clinical records at random from
patients who received enteral nutrition and developed kidney
stones and from patients receiving enteral nutrition who did not
develop stones, until we collected 20 and 20 records with complete
data. The expected lack of data was due to the fact that most exams
specific for stones were not prescribed as a standard of care for all
patients with enteral nutrition. In addition, several clinical data

were not always noted for asymptomatic patients, and the quality
and amount of nutrition and hydration were recorded inconsis-
tently through the years. For these reasons, cases and controls were
not matched for any demographic or clinical characteristic, which
were however controlled in statistical analyses. It must be
considered that the present work is retrospective and is severely
limited by the issues in data retrieval and case-control matching
mentioned above.

From the 40 selected clinical records we collected the following
clinical and demographic characteristics of patients: type of ABI
(traumatic; non-traumatic), age at ABI, Glasgow Coma Scale score
(GCS), physical activity prior to ABI (none; amateur; professional)
and mobility status after ABI (if bedridden). At admittance to
rehabilitation, we collected: weight; type of enteral feeding device
(nasogastric tube; percutaneous endoscopic gastrostomy/jejunos-
tomy), drug therapy. During rehabilitation, we collected data on the
presence of: kidney stones, neurogenic bladder dysfunction,
requirement for catheterization, urinary tract infections, tracheos-
tomy, gallstones. We collected the results of blood exams (for pa-
tients with stones exams were collected prior to the finding),
comprising values of Nat, KT, Ca®*, CI~. We collected the amount of
administered water; the type and amount of nutrition adminis-
tered prior to the finding of stones, from which we obtained the
content of sodium, potassium, calcium, magnesium, phosphorus,
proteins, vitamin C; elements, except for proteins, were obtained as
mg/ml of nutrition and transformed into millimoles per liter
(mmol/L), to account for different molecular weights.

We first described differences in the distribution of continuous
and discrete variables between patients who developed stones or
not, by Mann—Whitney U-test and y? test.

Hypothesizing that several clinical variables may be inter-
correlated, such as age and weight, we checked all variables for
inter-correlation by Pearson's correlation. In order to use inter-
correlated variables in a multivariate statistical model, we had to
perform a factor analysis. Factor analysis was conducted using
eigenvalue 1 and varimax rotation method; the overall model
requirement was Bartlett's test p < 0.05 and the required sampling
adequacy was >0.7 for the whole model and for every retained
variable. Firstly, an exploratory analysis was conducted, then a
refined analysis was used to produce the common factors, if the
sampling adequacy was met.

We then could apply a multivariate logistic regression model, to
test which variables were associated with stone formation. We
used a stepwise (p-in <0.05, p-out >0.10) logistic regression model,
with the occurrence of kidney stones as a dependent variable. We
report in the results the p-values of all variables entered in the first
step, and of all the variables that remained in the model up to the
last step. The model fit, adjusted R? and lack-of-fit at the last step
are reported in the results; significant predictors from the last step
of the model are reported in the results with their p-values and
calculated odds ratios (OR) with 95% confidence intervals (95% C.L.)
of increasing the chance of forming stones. For all tests, significance
levels were set at p-values <0.05, two-tailed. Analyses were con-
ducted by SPSS v.22 (IBM, Chicago, USA).

3. Results

From the clinical database of the Institute, we observed that 371
patients were admitted to our ABI rehabilitation unit between the
years 2007—2016, with an average follow-up duration of 5.3 (S.D.
2.1) months. Of these patients, 191 were capable of oral feeding at
admittance, while 180 were fed with enteral nutrition. The pro-
portion of patients who displayed urolithiasis was 0/191 and 26/
180 respectively (%> p < 0.001), showing a complete association
between the use of enteral nutrition and the formation of stones.
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The absence of any patient, who developed stones without having
enteral nutrition, prevented further statistical calculations. Patients
were diagnosed with stones at an average of 25 (S.D. 17) days from
admission. A qualitative analysis of stones revealed a predominant
calcium phosphate/calcium oxalate composition, with only two
cases (7.7%) of struvite stones.

In order to analyze the connection between the presence of
stones and clinical-demographic variables we retrieved additional
information from the original clinical records. We chose 20 clinical
records at random from the 26 of patients receiving enteral nutri-
tion who developed kidney stones and 20 clinical records at
random from the 154 of patients receiving enteral nutrition who
did not develop stones. As described in Table 1, all 40 patients were
bedridden, with impaired consciousness. As compared to other
patients, those who developed stones were of older age at ABI and
weighed more at admittance to rehabilitation (still being in a
normal range of body mass index), and they had more severe brain
injuries. Consistent with their higher weight and age, patients with
stones received greater daily amounts of hydration and nutrition.

We found a very strong association between the requirement for
catheterization and stones. The absence of any patient, who
received catheterization without having developed stones, pre-
vented further statistical calculations. The presence of UTIs was also
strongly connected with the presence of stones. No significant
difference was found regarding other investigated variables,
including the use of drugs (details in Supplemental Table), and no
significant difference emerged with respect to blood electrolyte
levels.

M. Pozzi et al. / Clinical Nutrition 38 (2019) 1240—1245

Acknowledging the possibility that homeostatic mechanisms
may not allow finding altered electrolyte levels in the blood, we
next analyzed possible differences in the electrolyte mixtures
administered via nutrition formulae. Patients used many different
brands and subtypes of nutrition, which did not allow a purposeful
comparison. Therefore, we searched for the nutrition facts of all
nutrition regimens and analyzed their distribution with respect to 7
elements: sodium, potassium, calcium, magnesium, phosphorus,
vitamin C, proteins. The only element distributed differently in
univariate analyses was sodium: patients with stones used nutri-
tion mixes with a higher sodium content.

Before we could carry out multivariate analyses, we checked
data for inter-correlations (results not shown), finding two groups
of significantly correlated variables. The first group comprised pa-
tient age, weight, amount of nutrition per day, and amount of hy-
dration per day. The second group comprised all the nutrition facts.
We thus carried out factor analyses to assess the inter-correlations
among these variables and make them usable in logistic regression.

The factor analysis of age, weight and amounts of nutrition and
hydration administered per day was statistically reliable, with
Bartlett's test p < 0.001, and the sampling adequacy of the overall
model was acceptable (0.79). Individual sampling adequacy was
0.72 for age, 0.75 for weight, 0.92 for the daily amount of nutrition,
and 0.87 for the daily amount of hydration, indicating that all var-
iables were adequately represented. Therefore, these 4 variables
were assembled in a common factor we named “patient size”.

The factor analysis of nutrition facts was statistically reliable,
with Bartlett's test p < 0.001, but the sampling adequacy of the

Table 1
Clinical and demographic characteristics of patients without and with kidney stones.
Continuous variables No kidney stones Kidney stones p
Mean SD Mean SD
Age at ABI Years 6.9 5.1 10.7 49 0.035
Weight at admittance Kg 234 13.7 36.1 17.2 0.018
GCS 10.1 22 8.2 2.1 0.004
Blood Na™ mmol/L 139.4 3.7 138.5 32 0.478
Blood K* mmol/L 4.37 0.38 4.62 0.58 0.217
Blood Ca?* mmol/L 9.91 1.07 9.42 0.46 0.271
Blood CI” mmol/L 101.4 44 100.3 3.1 0.121
Urine pH 7.0 04 7.5 1.0 0.116
Hydration mL/day 626.5 243.7 893.4 290.1 0.008
Nutrition amount mL/day 769.4 4133 977.8 3255 0.028
Nutrition facts
Na mmol/L 71.4 24.2 90.1 27.1 0.048
K mmol/L 136.6 45.6 153.0 46.2 0.141
Ca mmol/L 89.8 44.7 87.1 253 0.641
Mg mmol/L 174 10.6 18.7 9.8 0.357
P mmol/L 59.5 17.2 69.4 18.7 0.177
Vitamin C mmol/L 12.8 4.2 13.1 3.7 0.577
Proteins g/100 mL 33 13 43 1.6 0.069
Discrete variables Count % Count % p
UTI Yes 2 10 11 55 0.004
Neurogenic bladder Yes 1 5 5 25 0.101
Catheterization Yes 0 0 7 35 0.005
ABI etiology Traumatic 5 25 9 45 0.185
Non-traumatic 15 75 11 55
Physical activity before ABI None 16 80 14 70 0.334
Amateur 4 20 4 20
Professional 0 0 2 10
Mobility status after ABI Bedridden 20 100 20 100 1
Feeding NGT 10 50 7 35 0.350
PEG-PE] 10 50 13 65
Tracheostomy Yes 10 50 14 70 0.357
Gallstones Yes 1 5 3 15 0.087

Descriptive statistics are provided for both continuous and discrete variables, with respect to the absence or presence of kidney stones. ABI = acquired brain injury;
GCS = Glasgow Coma Scale score; n/a: not available; NGT: nasogastric tube; PEG-PEJ: percutaneous endoscopic gastrostomy/jejunostomy; UTIs: urinary tract infections.
Statistics conducted were: 2 tests for discrete variables; Mann—Whitney U-tests for comparisons between groups with/without stones.
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overall model was unacceptable (0.61). Individual sampling ade-
quacy was unacceptable for sodium (0.56), potassium (0.58), cal-
cium (0.52), and vitamin C (0.62) while it was acceptable for
magnesium (0.80), phosphorus (0.90), and proteins (0.76). There-
fore, nutrition facts were not assembled in a common factor.

We then carried out a multivariate logistic regression to check
whether any variable was associated with the possibility of devel-
oping stones. We built a step-wise model with all variables; then,
the steps automatically selected only variables that previously
resulted significant. The final model (p = 0.003, W¢s = 0.39, lack-of-
fit p = 0.63) indicated as risk factors: the presence of UTIs, OR 11.4
(1.6—83.4), p = 0.016; and a higher nutrition content of sodium, OR
7.5 (1.6—34.3), p = 0.009; the model indicated as protective factors:
a higher GCS score, OR 0.66 (0.43—0.99), p = 0.050; and a higher
nutrition content of calcium, OR 0.14 (0.03—0.73), p = 0.020; “pa-
tient size” had no significant role (p = 0.068) in the final model.
Results of the full model are available in Table 2.

4. Discussion

Only two studies have previously dealt with possible risk factors
for urolithiasis in pediatric patients receiving enteral nutrition, and
they adopted an opposite approach. The first one conducted a
comparison of patients with urolithiasis, fed orally or by gastro-
stomy [11]. It found that patients with gastrostomy presented with
more acidic urine pH, were more frequently immobile and had
lower bone density. However, calciuria and UTIs were not differ-
ently frequent among patients and they regarded only a minority of
the whole sample of patients with urolithiasis. A second study re-
ported on patients with gastrostomy feeding, who did or did not
develop stones [7]. Factors significantly associated with stone for-
mation were the presence of UTIs, being fed by gastrostomy since a
short period of time, and the use of topiramate. Of interest, there

Table 2
Results of the multivariate logistic regression model evaluating the risk of stones
development.

Independent variables First step Last step
p-value p-value OR (95% C.L.)
Patient size* 0.014 0.068 -
GCS 0.017 0.050 0.66 (0.43—0.99)
Feeding 0.588
Tracheostomy 0.362
Gallstones 0.157
Physical activity before ABI 0.122
Neurogenic bladder 0.137
UTIs 0.012 0.016 11.4 (1.6—83.4)
Blood Na™ 0.113
Blood K* 0.197
Blood Ca®* 0.132
Blood CI° 0.112
Urine pH 0.309
Nutrition Na 0.015 0.009 7.5 (1.6—34.3)
Nutrition K 0.164
Nutrition Ca 0.023 0.020 0.14 (0.03—0.73)
Nutrition Mg 0.385
Nutrition P 0.254
Nutrition Vitamin C 0.578
Nutrition Proteins 0.768

All factors used as independent variables in logistic regression are reported. In the
left column “first step” is the whole list of factors. During the following steps, factors
were entered (p < 0.05) and removed (p > 0.10) from the model. The right column
“last step” reports the list of factors that were retained in the final model, with their
p-values and, when significant, with their odds ratios (and 95% confidence intervals)
of increasing the possibility of developing stones. * = The variable “Patient size” was
produced by factor analysis. It accounts for: weight at admittance, age at ABI, hy-
dration, and nutrition amount. These four variables could not be used individually,
due to inter-correlation.

was no marked difference regarding the mobility capacity of
patients.

Our study presents with a yet different approach, we first
investigated the association between enteral feeding and stone
formation, finding a strong relationship. We observed mostly cal-
cium oxalate stones, as reported in other clinical contexts [7,11].
Then we dealt with patients who were all enterally fed and were
with or without stones, in order to identify possible factors asso-
ciated with urolithiasis, which we found superimposable to what
was described previously. We observed a difference in age, and
consequently also in weight, and in administered water and
nutrition volumes, where patients with stones were older, in
accordance with a previous descriptive study [12]. UTIs regarded
almost half of our patients with stones, a result that only partially
confirms previous observations, as UTIs were usually found with
lower prevalence. The role of UTIs as risk factors for stone forma-
tion, previously reported in the literature [8—10], was confirmed
also in our pediatric sample, by logistic regression. What our study
adds in terms of clinical observations is that worse neurological
statuses are associated with a higher probability of forming stones,
reflected by the role of a better GCS score as protective factor. A
possible explanation for this finding may be that the neurological
severity after brain injury could be an indicator of future health
issues, for instance as severity is connected with the ability to move
and to feed independently, or to make conscious requests con-
nected with nutrition or bodily discomfort, all issues potentially
linked to nephrolithiasis. We could not investigate the effect of
immobility itself on calcium redistribution and stone formation
[13], since all patients were bedridden and only received a fixed
amount of passive mobilization, both those with and without
stones.

The need for catheterization could not be mathematically used
as a factor in the logistic regression and thus has no associated OR,
although it emerged as a risk factor completely connected with the
development of stones. From a clinical perspective, catheterization
may be considered as an intervention for urinary pathologies;
however, catheterization may as well promote the development of
UTlIs. Therefore, given the retrospective nature of our data, it is not
possible to clarify whether catheterization was among the causes of
stones formation or just an associated factor.

Besides clinical aspects, we dealt extensively with the compo-
sition of nutritive mixtures, an aspect not investigated before. We
focused on the principal electrolytes content and on protein and
vitamin C levels, which are also suspected to have a role in litho-
genesis [14,15]. The multivariate model we proposed found signif-
icant associations with stone formation for the concentration of
sodium as a risk factor, and of calcium as a protective factor.

The reciprocal content of sodium and potassium can be a critical
regulator of the excretion of all electrolytes, and a lower dietary
sodium content has been linked with a lower excretion of calcium
[16] and with a lower prevalence of stones in a generally repre-
sentative population [17]. Therefore, the results of our logistic
regression confirm the role of sodium as a promoter of lithogenesis,
also in this particular population undergoing rehabilitation.
Potassium-rich diets have been associated to a stone-reducing ef-
fect [18], such that a restriction of dietary sodium or an increase in
dietary potassium is advised in order to prevent urolithiasis [19],
rather than calcium restriction. The role of calcium, known pro-
moter of stone formation when highly concentrated in the urine
[20], is indeed of complex interpretation as regards nutrition. In the
diet of immobile patients with brain injury, dietary calcium may be
involved on one side with stones and, on another side, with het-
erotopic ossification [21,22]; thus, the general attitude is to keep
calcium contents low. Calcium intake may however not be deter-
minant even for stone formation, as in a cohort of immobile
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pediatric patients, nutrition formulae poor in calcium were
observed to associate with higher urine calcium contents, consis-
tent with our observation. A suboptimal calcium intake may in fact
trigger a calcium-mobilizing reaction (secondary hyperparathy-
roidism) and, paradoxically, increase urinary calcium levels [23],
and the chance to develop calcium-based stones in connection with
osteoporosis. It should be considered that most patients with se-
vere ABI remain immobile for months and the lack of weight
loading and mechanical stress may leave the calcium balance in
bones unregulated. We could not investigate the effect of physical
activity after ABI, as all patients were bedridden. However, among
our patients, the two who engaged in professional physical activity
prior to ABI were all found to develop stones. Stone development
occurred very quickly in our patients, suggesting on the one hand a
massive mobilization and turnover of calcium, favoring osteopo-
rosis and calcium loss in the urine in an independent way [9,11]; on
the other hand, it fits in well with a potential role for higher dietary
sodium content in potentiating calcium loss. As patients in reha-
bilitation spend several months before regaining mobility and bone
loading, it seems promising to investigate more deeply the role of
calcium metabolism, whereas nutrition facts may determine the
fate of mobilized calcium.

Other nutrition facts that did not obtain a significant association
with stones formation need being discussed. Vitamin C can be ex-
pected to have positive effects on neurological recovery [24],
despite its previous association with the promotion of stones [25].
Although all of our patients received high doses of as compared to
average daily intakes, we observed no effects.

Magnesium is a well-known inhibitor of phosphate salts litho-
genesis and dietary magnesium intake is inversely correlated with
the risk of calcium-phosphate stone formation [26], which may also
improve the effect of citrate in reducing stone formation [27,28],
however we found no difference in our cohort.

The protein levels in nutrition mixes also seemed to have no role
for stone formation in our study, although high protein diets have
been linked with both calcium oxalate and uric acid stone forma-
tion [29].

In this population, also phosphorus did not result to be associ-
ated with stones, although it has been suggested as a possible risk
factor [30].

One last remark regards the composition of nutrition mixes.
Although several nutrition brands and subtypes are available, a
great deal of variability among mixtures could be reduced to a set of
elements, known to regulate the formation of stones: sodium, po-
tassium, calcium, magnesium, phosphorus, vitamin C, and proteins.
The interesting finding is that, regardless of the nutrition mix
chosen, the relative abundances of elements are mostly inter-
correlated, although not completely fixed (as shown by factor
analysis). Consequently, changing the nutrition mixture used may
affect the relative distribution of nutrition elements insufficiently,
and specific supplements may thus be necessary to tilt the balance
in favor of just one element, to meet specific health requirements.

5. Limitations

The most prominent limitation of this study is the retrospective
nature of observations, which implies incompleteness of study
data, limits the generalizability of findings and prevents the
assessment of potential causality relationships. In particular, there
may be an uncertain causal relationship between UTIs and stones in
our patients, as records do not allow clarifying which of the two
developed first, thus not solving the scientific dilemma of UTIs and
non-struvite stones. In addition, as detailed in the methods section,
we could not provide a paired case-control set of data. This study
had mathematical limitations independent of the study design.

Specifically, we could not test in multivariate models the effect of
enteral nutrition and of catheterization on the occurrence of stones,
because no patients without stones had either enteral nutrition or
catheterization. We also could not test in multivariate models the
effect of immobility on the occurrence of stones, since all patients
were immobile. This leads to the paradox that very important
factors cannot appear in the final logistic regression model. We also
did not test all possible macro- or micro-nutrients contained by
nutrition mixtures, which may be involved with lithogenesis, such
as carbohydrates. One important clinical limitation regards the
absence of urinary data (i.e. 24-hour urinary lithogenic risk profile),
which could have contributed to the interpretation of results. The
present limitations should be considered, together with our novel
clinical observations, as a promising starting ground to design
future studies of higher quality.

6. Conclusion

Within a cohort of pediatric patients in rehabilitation from se-
vere acquired brain injury, we observed that the use of enteral
nutrition was strongly associated with the presence of urinary
stones. Among users of enteral nutrition, those at higher risk of
stones received catheterisms, had UTIs, had a lower GCS, and
received more dietary sodium and less calcium. Future studies on
lithogenesis in this specific patient population could benefit from
the present findings, while an experimental design testing different
nutrition mixes or different element supplements would be
required, in order to allow causality statements on the role of single
elements for lithogenesis.
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