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Abstract

Objective: to perform a systematic literature review to examine the effects of high-dose, B-complex multivitamin/mineral supplementation on
physical, mental, and energy outcomes in healthy and ‘at-risk’ (suboptimal nutritional status/subclinical symptoms at baseline) adult populations.

Methods: PubMed was searched for relevant randomized controlled trials until January 2020.

Results: overall, 136 publications were identified. In the seven randomised, double-blind, placebo-controlled studies considered eligible for inclusion,
supplementation in healthy populations predominantly showed improvements in perceived stress, physical stamina, concentration, and general
mental health, and significant reductions in anxiety and improvements in self-reported vigour. However, not all of these outcomes were significant,
and statistical correction for multiple outcomes was not commonly employed. Studies investigating brain mapping following supplementation indi-
cated increased functional activity in brain regions related to processing of attention, executive control, and working memory during cognitive tasks.

Conclusions: while there is certainly a need for further studies on the neurocognitive and physical benefits of micronutrient supplementation,
this review provides generally supportive evidence for the benefits of a high-dose, B-complex multivitamin/mineral supplement in healthy and
at-risk populations in terms of physical, mental, and energy outcomes.

Resumen

Obijetivo: realizar una revision sistematica de la literatura para valorar los efectos de la administracion de suplementos multivitaminicos/minerales
del complejo B en dosis altas sobre los resultados fisicos, mentales y energéticos en poblaciones adultas sanas y en situaciones especiales de
riesgo (estado nutricional suboptimo/sintomas subclinicos al inicio del estudio).

Métodos: se realizaron busquedas en PubMed de ensayos controlados aleatorios relevantes hasta enero de 2020.

Resultados: en total se identificaron 136 publicaciones. En los siete estudios aleatorizados, doble ciego y controlados con placebo considerados
elegibles para la inclusion, la suplementacion en poblaciones sanas mostré predominantemente mejoras en la percepcion del estrés, la resistencia
fisica, la concentracion y la salud mental general, asi como una reduccion significativa de la ansiedad y mejoras en la vitalidad segun la autoeva-
luacion de los participantes. Sin embargo, no todos estos resultados fueron significativos y la correccion estadistica para multiples resultados no
se empled habitualmente. Los estudios sobre el mapeo cerebral después de la suplementacion, indicaron un aumento de la actividad funcional en
las regiones del cerebro relacionadas con el procesamiento de la atencion, el control ejecutivo y la memoria de trabajo durante tareas cognitivas.
Conclusiones: si bien ciertamente existe la necesidad de realizar mas estudios sobre los beneficios neurocognitivos y fisicos de la suplementacion
con micronutrientes, esta revision proporciona evidencia en general sobre los beneficios de un suplemento multivitaminico/mineral del complejo B
en dosis altas, en poblaciones sanas y en situaciones de riesgo, en términos de resultados fisicos, mentales y energéticos.
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INTRODUCTION

The consequences of micronutrient deficiencies in the general
population are widespread. With respect to the potential asso-
ciation between micronutrient status and neurological health,
epidemiological studies have revealed a correlation between low
biochemical levels of micronutrients and poor cognitive function
and mood, leading to a range of symptoms (1,2). Optimal nutri-
tion is known to positively contribute to both mental and physi-
cal performance, with data indicating that the impact of certain
micronutrients, specifically B and C vitamins, calcium, magnesium
and zinc, may be of particular importance in supporting cognitive
function (2-4). Deficiencies in folate, vitamin B12 and other B
vitamins are also known to contribute to physical fatigue (2-5).

Vitamins and minerals are not synthesised endogenous to
the human body and therefore must be consumed as part of a
balanced diet. In support of this, the governments of most deve-
loped nations provide recommended dietary intakes of vitamins
and minerals. Such recommendations are intended to guide
populations on the advised intake of individual micronutrients
that should prevent micronutrient deficiency in the vast majority
of the population (1,4). However, despite the availability of this
guidance (which generally only reflects the bare-minimum levels
to mitigate deficiency-based diseases, and not for optimal health),
low intake of micronutrients is prevalent even in apparently healthy
populations in developed countries (3,4). Evidence suggests that
this is particularly the case in the young and elderly, and in middle-
aged adults exposed to high occupational pressures. These include
students, working professionals, multi-tasking parents, and those
with an active lifestyle (3,4). Reasons for not achieving sufficient
micronutrient intake may include lifestyle-associated behaviours,
such as rushed meals (related to poor digestion), unhealthy food
choices, chronic or periodical dieting, and stress-related activities,
such as smoking and excessive consumption of coffee or alcohol
(3,4). The prevalence values for B vitamin deficiency differs across
age groups, sex, socioeconomic groups, and developed geogra-
phies, with evidence suggesting that insufficiency can vary vastly,
with values of less than 5 % reported in the UK population and
10.5 % reported in the United States, compared with up to 54 %
in the Netherlands (4,6,7).

Micronutrients play an important role in normal physiology and
healthy bodily functions, with B vitamins performing coenzyme
functions essential to the biochemistry that underpins energy, fat
and protein metabolism, cell growth and function, and nucleic
acid synthesis and repair (1,3,4). In addition, adequate levels of
micronutrients are required to maintain optimal functioning of the
central nervous system (CNS) and facilitate cognitive processes,
with insufficient levels of micronutrients known to impair cognitive
and physical function (2-4). Inadequate levels of micronutrients
can also result in reduced neurotransmitter levels, diminished
structural and functional integrity of neuronal membranes and
receptors, and impaired energy production that can affect cogni-
tion (1-4,8). Deficiency of vitamins B6, B9 and B12 have also
been linked to the potentially neurotoxic accumulation of homo-
cysteine, which may impair cognitive function and mood, and has
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been observed in a range of pathologies (4). The essential cofac-
tor role of B vitamins in the one-carbon cycle, specifically, has
contributed to the hypothesis linking B vitamin levels with mood
(9). Mitochondrial functions are also compromised by insufficient
dietary intake of B vitamins and/or increased B vitamin needs (4).
While there is limited clinical data on the interactions between
micronutrient metabolism and physical performance, it has been
shown that deficiencies in certain B vitamins can contribute to
physical fatigue (2-4).

The clinical importance of even mild micronutrient deficiencies
should not be underestimated, due to the risk of predisposing
individuals to increased risk of poor health. Specifically, while
overt micronutrient deficiency is known to contribute to changes
in behaviour, a marginal B vitamin deficiency can potentially lead
to symptomatic changes in psychological parameters (3,4). Such
symptoms of marginal micronutrient deficiency include fatigue,
weakness, loss of concentration, depressed mood, neurological
disturbances, and anxiety (3,4). Therefore, one might not be sur-
prised to learn that deficiencies of micronutrients may have wide
reaching consequences on a population level, translating to loss
of productivity in the workplace and increased healthcare costs,
with subsequent economic implications (10-12).

Therefore, it stands to reason that micronutrient supplementa-
tion may in part assist in attenuating a negative health status in
the general population. In support of this, evidence suggests that
supplementation with multivitamins/minerals may enhance cogni-
tive and physical function in both healthy and ‘at-risk’ populations,
including those with suboptimal nutritional status for any reason
(1,3,4,9). While the effect of intervention with a single or restricted
range of micronutrients is limited, nutritional supplementation has
already been shown to enhance cognitive and psychological func-
tioning (2,4). In fact, the benefit of supplementation with multiple
B group vitamins on stress in healthy and at-risk populations has
been observed in a recent systematic review and meta-analysis (9).

To our knowledge, there are a vast array of products sold world-
wide that provide differing formulations of vitamins and minerals;
however, we believe there is generally little research conducted to
determine the clinically meaningful benefits that these provide to
healthy populations. Thus, our systematic review aimed to inves-
tigate the effects of supplementation with a high-dose B-complex
multivitamin/mineral supplement on mental and physical health,
by assessing physical, mental and energy performance outcomes.
The supplement (Berocca® Performance, Bayer Consumer Health)
is designed to support mental and physical performance and
energy. Its specific formulation was amended in 1998 to include
vitamins B1 (15 mg), B2 (15 mg), B6 (10 mg), B12 (10 mcg), C
(500 mg), biotin (150 mcg), folic acid (400 mcg), nicotinamide
(50 mg), and pantothenic acid (23 mg), and minerals calcium
(100 mg), magnesium (100 mg), and zinc (10 mg). A review paper
authored by Maggini and colleagues in 2014 evaluated the evi-
dence available on the effect of both the previous and current for-
mulations of Berocca® on cognitive function (2). Our review aimed
to update and extend these findings by evaluating more recent
evidence from randomised controlled trials (RCTS) on the effects of
supplementation with the newest, currently available formulation
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of Berocca® on mental but also on physical parameters, and the
close interdependence of the two in healthy subjects.

METHODS

The primary focus of this review was to evaluate the effects
of the high-dose B-complex multivitamin/mineral supplement on
health status, including mental and physical domains. PubMed
was searched for randomized controlled trials until January 2020
by using the following search string: (multivitamins[Title] OR
multivitamin(Title] OR b vitamin complex(Title] OR multi-vitamin(Title]
OR Multi-Vitamin/Mineral[Title] OR multi vitamin(Title]) (mental OR
psychological OR cognition OR cognitive OR neurocognition OR neu-
rocognitive OR energy OR stamina OR performance OR fatigue).
Search results were manually filtered to remove all non-human and
in vitro studies. For the selection process, see figure 1.

The initial search captured 136 records. After screening
of titles and articles, 68 in vitro and non-human studies were
excluded. Following this, 68 full-text articles were manually fil-
tered to remove articles focussed on unspecified multivitamins or
which did not consider a physical, mental or energy performance
outcome. Seven articles fulfilled the inclusion criteria and were
included in this review (Table I).

RESULTS

EFFICACY OF SUPPLEMENTATION: EVIDENCE
FROM RCTs

Table I provides an overview of the seven eligible studies identi-
fied from the systematic literature search. All relevant outcomes
from these studies have been included to ensure the efficacy
of supplementation with this high-dose B-complex multivitamin/
mineral supplement can be sufficiently discussed. Each study dis-
cussed here employed up to date methodologies, and these have
been detailed in the annex 1.

COGNITIVE PERFORMANCE

The supplement has been investigated in seven RCTs in healthy
populations, with outcomes demonstrating enhanced mental per-
formance that may be supported by parameters of brain activity,
cognitive performance and concentration, as discussed below.

Supplementation for 28 days may improve the ability to con-
centrate, as demonstrated by 80 healthy men who reported
an improvement in concentration via rating scales (13). In addition,
healthy males receiving this high-dose B-complex multivitamin/
mineral supplement for 33 days presented with improved cognitive
performance and reduction in mental tiredness during a 60-minute
cognitive demand battery (CDB) of tasks designed to assess the
impact of treatment on speed/accuracy and mental fatigue, and
which has been shown to be sensitive to a number of different
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supplements (14). A concomitant study that involved these same
male participants required them to complete intense cognitive
tasks in a ‘Mobile Phone Battery’ study, a form of testing shown
to be sensitive in assessing aspects of cognitive performance and
delivering mood visual analogue scale (VAS). Following supplemen-
tation for 28 days, this concomitant cohort presented with results
revealing significant improvements in concentration and significant,
sustained increases in alertness and mental stamina (15).

Brain mapping studies have shown that the effects of supple-
mentation on functional brain activity can be seen as soon as
30 minutes after one dose (16,17), although long-term supple-
mentation of four weeks appears necessary for significant improve-
ments in cognitive outcomes, such as mental fatigue, mental
stamina, and concentration (13-15,18), which may translate into
clinically important improvements.

Whole-brain analysis of participants during a working memory/
vigilance task (rapid visual information processing; RVIP) and
following supplementation indicated significantly increased func-
tional brain activity in regions associated with working memory
and attention, including the right precentral gyrus, and the left
and right cerebellum (Fig. 2) (16). Furthermore, the high-dose
B-complex formulation resulted in response patterns in the fron-
tal cortex that are indicative of greater activation of task-relevant
frontal brain regions, as measured by significant, transien-
tly reduced amplitude and phase advance in the steady-state
visually evoked potential (SSVEP) response during completion of
the active continuous performance task (A-X GPT; Fig. 3) (17).

= Records identified through
= database searching (n = 136)
T
=
=
L
[=]
Y
Records after duplicated
removed (n = 136)
=
z ¢ Record luded
[ _ ecords exclude
?, Records screened (n = 136) |—> (n = 68)
Y
= Full-text articles assesed | | Full-text articles
g for eligibility (n = 68) assessed for eligibility
s (n=61)
= Unspecifed
S multivitamin (n = 24)
— Y No physical, mental or
2 Studies included in qualitative energy performance
% synthesis (n=7) outcome (n = 37)
(&)
=
Figure 1.

Flow diagram depicting the selection process for the articles analysed in this
review.
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Figure 2.

Brain activation patterns associated with supplementation with the high-dose vitamin
B-complex multivitamin/mineral formulation (Berocca® Performance, Bayer Consumer
Health) compared with placebo during the rapid visual information processing (RVIP)
task. Posterior (left) and left lateral surface (middle) and dorsal (right) views of brain
surfaces showing significantly greater activation during the RVIP task for Berocca®
Performance compared with placebo (p < 0.01) (16). Figure adapted from Scholey
etal., 2013 (DOI: 10.3390/nu5093589; open access article distributed under the
terms and conditions of the Creative Commons Attribution license).
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Figure 3.

Topographic maps of differences in steady-state visual evoked potential (SSVEP)
amplitude and phase for the A-X continuous performance task (A-X CPT) at the su-
pplementation (Berocca® Performance, Bayer Consumer Health) and placebo visit.
Each column shows topographic maps of SSVEP amplitude and phase differences with
supplementation versus placebo, with the bottom map showing the p-values resulting
from the Hotelling’s T2 contrast of the two treatments. Warm colours indicate ampli-
tude and latency reductions (phase advance) and lower p-values, respectively, and cool
colours represent amplitude increases and latency increases (phase lag). Supplemen-
tation was associated with a pattern of frontal SSVEP amplitude reduction and phase
advance during the hold (p < 0.01) and target (p < 0.05) segment of the A-X CPT (17).
Figure obtained from White et al., 2017 (DOI: 10.1179/1476830514Y.0000000157;
permission not required for use in this publication).

The narrow-band characteristics of the SSVEP permitted reduced
susceptibility to noise contamination, and improved detection.

In a pilot ‘brain mapping’ study, participants undergoing neu-
rocognitive assessment 30 minutes after intake of this high-
dose B-complex multivitamin/mineral supplement experienced

J. Sarris et al.

an increased efficiency of cortical functioning, as determined by
steady-state topography (SST) (16). In a subset of participants,
this formulation was also shown to increase activation in brain
regions that constitute a well-established fronto-parietal wor-
king memory network (2,16). Furthermore, converging evidence
from functional magnetic resonance imaging (fMRI) and SSVEP
recordings in another brain mapping study demonstrated brain
activity patterns consistent with centro-parietal regions following
supplementation (18). To our knowledge, Berocca® was the first
multivitamin/mineral preparation to be studied for neurocogni-
tive benefits using fMRI, which enables simultaneous capture
of both behavioural data and brain activity, with high spatial
resolution that surpasses that of functional near-infrared spec-
troscopy (16,18). We also understand that the use of fMRI to
specifically examine the effects of multivitamin/mineral supple-
mentation on brain activation was first employed by Scholey
etal., then in a further two studies (16-18). Overall, findings from
these mapping studies support acute activation of the human
brain regions linked to attention, executive control and working
memory (16-19).

Perceived energy levels

In a large study of 215 healthy participants, 33 days of supple-
mentation was associated with a significant increase in self-
reported physical vigour, as assessed by the Profile of Mood States
(POMS) questionnaire, a highly reliable, valid and well-established
measure of psychological distress (14). Furthermore, a signifi-
cant and sustained increase in physical stamina in the morning
and evening was self-reported via VAS by 198 male participants
receiving the supplement for 28 days (15). Data from a study in
80 healthy males also indicated that it may protect against minor
iliness, as those receiving placebo for 28 days registered a signifi-
cant increase in somatic symptoms that was not observed in those
receiving the high-dose B-complex formulation for 28 days (13).
Somatic symptoms assessed during the study included watery
eyes, upset stomach, congested nose, headache, feverishness,
aches, ringing in the ears, eye strain and sore throat, amongst
others (13).

Stress, mood, and biochemical outcomes

Dietary supplementation with this high-dose, B-complex multi-
vitamin/mineral supplement has been associated with significant
improvements in mood, compared with baseline and placebo,
as demonstrated by increased vigour-activity and decreased
depression-dejection (14,19). Significant reductions in stress,
subjective stress and anxiety and numerical reductions in stress-
related symptoms have also been observed across psychometric
instruments known to reliably assess psychological status, includ-
ing the General Health Questionnaire (GHQ), POMS and Hospital
Anxiety and Depression Scale (HADS) questionnaires (13,14).
While a direct link between supplementation and enhanced per-
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formance was not measured in all of these studies, the findings
suggest an improvement in wellbeing and ability to effectively
cope with stress and anxiety in daily life (13,14,19).

White et al. conducted a blood biochemical assessment in
which significantly greater levels of vitamins B6 and B12 and sig-
nificantly reduced levels of homocysteine were observed following
28 days of supplementation compared with placebo (19). Non-
significant increases in levels of red blood cell folate and plasma
zinc have also been observed following 28 days of supplementa-
tion (18,19). Of interest, the findings from White et al. corroborate
those of a previous study, in which participants also experienced
significant reductions in homocysteine levels (20). These findings
appear promising, given the evidence that a deficiency in cer-
tain B vitamins can lead to accumulation of homocysteine and
decreased synthesis of monoamines, which may ultimately affect
mood (5,21,22).

Finally, adverse events were either not reported or those
reported were not serious and did not result in any treatment
discontinuations.

Real-world studies may be considered an increasingly credible
study type, as they are often able to examine large, heterog-
enous populations for long durations. There is certainly a need for
such studies on the use of multivitamin/mineral supplementation
in large patient populations and subpopulations/at-risk groups
(with suboptimal nutritional status or subclinical symptoms at
baseline) (1). Despite some obvious methodological limitations,
such as their typically observational or retrospective nature, these
studies would strengthen the current understanding of the influ-
ence of micronutrient status and dietary habits on the effects of
supplementation. One such study followed 300 male and female
university students preparing for upcoming examinations who
were taking either Berocca® or no vitamin/multivitamin supple-
ment at all. Participants were asked to complete questionnaires
for assessment of their memory, concentration and stamina. Two
hundred also completed 10-15-minute cognitive assessments
via a verbal reasoning task to assess verbal learning, a stroop
task to assess focus, and a digital span task to assess working
memory and attention. Qverall, the high-dose B-complex formula-
tion provided support in fulfilling their noted priorities, particularly
those related to handling multiple exams, and having confidence
to perform well. In addition, participants receiving the supplement
claimed that it gave them better memory, improved their mental
stamina and significantly improved their ability to focus. Overall,
these results complement the evidence generated with the con-
trolled interventional studies.

DISCUSSION

Healthy functioning of the CNS is known to depend on a wide
range of micronutrients, particularly B and C vitamins, calcium,
magnesium and zinc (1-5). Micronutrient deficiencies may arise
from an imbalanced diet that does not satisfy micronutrient
requirements, which can also be exacerbated by factors such as
a stressful lifestyle, loss of sleep and missed meals (3,4).

[Nutr Hosp 2021;38(6):1277-1286]

Supplementation with multivitamins/minerals may improve
mental and physical performance by replenishing levels of essen-
tial micronutrients that are not, or are insufficiently, consumed
via the diet. Meta-analyses have presented consistent findings
across a range of studies carried out in different countries that
support the role of such supplementation in improving overall
mood or aspects of mood (9,23). Currently available evidence
has also suggested links between multivitamin supplementa-
tion, levels of blood micronutrients, homocysteine and C-reactive
protein and clinical outcomes (1,4,19), which warrant further
investigation. Our review indicates that the high-dose B-complex
supplement Berocca® is the most studied multivitamin formula-
tion to date. Multiple double-blind, placebo-controlled RCTs that
have specifically investigated this supplement demonstrate its
beneficial effects on brain function and mental and physical per-
formance (1,13,14,16-19). The supplement also led to significant
improvements in fatigue, concentration, total mood disturbance
and perceived stress, although not in all studies (13-15,18,19).
Given its ease of administration and tolerability, which may be
suggested by a compliance rate of at least 80 % in participants
receiving the supplement (13,15,19), the potential for Berocca®
to restore micronutrient deficiencies not met through a balanced
diet is promising, and offers a simple approach to promote optimal
mental and physical performance in adults. In turn, improvements
in mental and physical energy would be expected to contribute
to increased productivity, with associated economic benefits at a
population level.

As detailed above, the breadth of results indicate that this
supplement may be beneficial for mental and physical perfor-
mance in healthy populations. However, it is recognised that
not all research discussed is supportive of this, and further
study of this topic is certainly warranted. It is important to rec-
ognise both the strengths and weaknesses that each presents
with. For example, the inter-study variation due to the different
methodologies and designs employed can be a barrier to the
generalisability of findings. In particular, the studies considered
different target populations, were generally limited in duration
(< 33 days), and sample sizes were small and variable across
studies (20-300 participants). In addition, some outcomes were
only investigated in small participant subsets (16), and overall
differences in the assessed outcomes across studies makes it
challenging to draw comparisons and similarities between find-
ings and make firm conclusions. Nevertheless, no serious adverse
events were reported in any of the studies (if at all). Appropriate
controls were performed where able, which included assessing
or overseeing participant compliance with Berocca® intake using
a sensitive paradigm to assess treatment-related effects (serial
3s and serial 7s tasks), elimination of inter-individual variance,
and minimising the possibility of type 1 errors (16,17). More-
over, studies employed a sensitive paradigm to assess treatment
effect on differing cognitive facets; the serials 3s task can gauge
psychomotor function, attention and working memory, while the
serial 7s task can assess working memory and is better able to
assess attentional and executive resources than the serial 3s task
(14,16). Certainly, the use of clinically objective methodologies,
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such as fMRI for brain mapping, also constitute a strength of some
of these studies, particularly as these appear to corroborate or
supplement findings achieved with the objective questionnaires
and CDB described above, which indicate improvements in men-
tal performance. The role of high-dose B-complex multivitamin/
mineral supplementation in improving physical performance is a
potential benefit that was not explored in the review by Maggini et
al. (2). In this review, significant increases in self-reported physi-
cal vigour and stamina and protection from minor illness were
revealed, which we believe may extend to potential improvements
in physical performance.

Micronutrient deficiencies can be present in up to 50 % of some
populations (4,6,7,24-28). Epidemiological data have shown an
association between poor B-vitamin status and reduced cognitive
function, which can be characterised by impaired energy metabo-
lism in the brain, synthesis of neurotransmitters, and neuronal
membrane ion pump and neuronal receptor binding (1-4,8). Evi-
dence also suggests that B and C vitamins, calcium, magnesium,
and zinc may be particularly important in supporting cognitive
function (2-4), and low-normal concentrations of B vitamins
(folate, vitamin B12 and vitamin B6) have arisen as candidate
risk factors for both Alzheimer’s disease and vascular dementia in
the elderly (29). In addition, deficiencies in some B vitamins may
have impact on physical parameters, by contributing to physical
fatigue (2-4). Therefore, one might consider that the impact of
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micronutrient deficiencies can extend across different popula-
tions, and result in heterogenous, yet clinically relevant outcomes.

The influence of supplementation on the quality of life of popu-
lations has yet to be investigated. To address this, a large-scale,
multi-country research was conducted to investigate how the
intake of Berocca® for 28 days impacts the daily quality of life
of participants, with results showing increases in the perceived
energy levels and feeling healthier as compared to before supple-
mentation.

CONCLUSION

Given the prevalence of suboptimal micronutrient intake in peo-
ple with poor diets and/or low micronutrient levels, even in other-
wise healthy populations and developed geographies, there is a
potential application of a multivitamin/mineral supplement that
can re-establish healthy micronutrient levels and provide specific
neurochemical modulatory assistance in some instances. To our
knowledge, the current formulation of Berocca® is the most widely
studied multivitamin/mineral to date, with the evidence demon-
strating beneficial effects on cognitive performance and potential
increase in physical energy levels. As detailed in this review, there
is also a potential clinical application for use in the management
of stress, anxiety, and mood.

ANNEX 1

CLINICAL STUDY CHARACTERISTICS

Three questionnaires were used to assess mood, stress, general health, and mental and physical energy in the discussed clinical
trials. These were 1) The General Health Questionnaire (GHQ) (13,14); 2) The Hospital Anxiety and Depression Scale (HADS) (13);
and 3) The Profile of Mood States (POMS) scale (14,19).

GHQ is available in four different versions, is widely used for detecting general psychological health and distress, and is sensi-
tive to short-term psychiatric disorders (30). The 12-item version (GHQ-12) is a very quick-to-administer questionnaire, which is
used to assess the severity of non-psychotic and minor psychiatric disorders over the prior weeks. The 28-item version (GHQ-28)
examines a profile of scores by considering four subscales of seven items each (somatic symptoms, anxiety and insomnia, social
dysfunction, and severe depression) (30).

HADS is a valid and reliable questionnaire, which can provide clinically meaningful psychological results (31). It covers seven
items measuring anxiety and seven measuring depression, with each item scored on a 4-point Likert scale, and scores range from
0to 21 for the anxiety and depression subscale (13).

POMS is a highly reliable, valid, and well-established measure of psychological distress. It consists of 65 items rated on a
0-4 scale across six mood states, described as “tension-anxiety”, “confusion-bewilderment”, “vigour-activity”, “anger-hostility”,
“depression-dejection”, and “fatigue-inertia” (14).

VISUAL ANALOGUE SCALES (VAS)

Simple rating scales were used to assess anxiety, depression, tension, tiredness/fatigue, and ability to concentrate (14-16,19).
The Perceived Stress Scale-10 (PSS-10) is a widely used research tool with validity established in numerous participant populations.

(Continues on the next page)
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ANNEX 1 (Cont.)

COMPUTERISED COGNITIVE ASSESSMENTS

The cognitive demand battery (CDB) was used to assess the impact of supplementation on speed/accuracy and mental fatigue
during continuous performance of cognitively demanding tasks (14-16). The tasks included serial 3s (repeated subtraction of 3
from a randomly generated starting number) and serial 7s (subtraction of 7) in a repeated manner over a short period of time. This
was followed by a rapid visual information processing (RVIP) task in which participants were asked to monitor a continuous series
of digits for targets of three consecutive odd, or three consecutive even, digits. Following each repetition of the battery of tasks,
participants rated their subjective feeling of mental tiredness. The usual 60-minute application of this battery has been shown
to reliably measure participant self-ratings of ‘mental fatigue” and to be sensitive to a number of nutritional interventions (14).

A mobile phone battery was used as an alternative to the CDB, and utilised JAVA™-enabled mobile phones instead to imple-
ment cognitive and mood assessments (15). This form of testing has been shown to be a sensitive method of assessing aspects
of cognitive performance and delivering mood VAS. The testing package comprised fatigue and mood VAS (Bond-Lader mood
scales, state/energy visual analogue scales), and was enabled for cognitive tasks (‘arrow flankers’ choice reaction time task,
two-back working memory task).

NEUROIMAGING ASSESSMENT OF BRAIN ACTIVITY

Using fTMRI techniques enables simultaneous capture of both behavioural data and brain activity with high spatial resolution
that surpasses that of functional near-infrared spectroscopy (16,18). To our knowledge, the use of fMRI to specifically examine
the effects of vitamin supplementation on brain activation was first employed by Scholey et al., then in a further two studies
(16-18). In these, fMRI techniques combined with in-scanner testing were used to investigate the effect of supplementation with
Berocca® on functional brain activation during higher-order cognitive functions (16-18). Brain scanning was implemented during
RVIP and Inspection Time (IT) tasks, which assess different stages of information processing and attention; for example, the IT task
assesses early information processing (16). To our knowledge, Berocca® was the first multivitamin preparation to be studied for
neurocognitive benefits using fMRI. Steady-state topography (SST) was used to explore fluctuations in the amplitude and phase
of steady-state visually evoked potential (SSVEP) response during cognitive engagement using a task-irrelevant visual flicker. The
narrow-band nature of the SSVEP offers important advantages over traditional electroencephalogram methods, including reduced
susceptibility to noise contamination (17).
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Evidence-based recommendations of the Andalusian Group for Nutrition Reflection
and Investigation (GARIN) for the management of adult patients with short bowel

syndrome
Recomendaciones basadas en la evidencia del Grupo Andaluz para la Reflexion e Investigacion
en Nutricion (GARIN) para el manejo del paciente con sindrome de intestino corto
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Abstract

In order to develop evidence-based recommendations and expert consensus for the nutritional management of patients with short bowel syn-
drome (SBS), we conducted a systematic literature search using the PRISMA methodology plus a critical appraisal following the GRADE scale
procedures. Pharmacological treatment with antisecretory drugs, antidiarrheal drugs, and somatostatin contributes to reducing intestinal losses.
Nutritional support is based on parenteral nutrition; however, oral intake and/or enteral nutrition should be introduced as soon as possible. In the
chronic phase, the diet should have as few restrictions as possible, and be adapted to the SBS type. Home parenteral nutrition (HPN) should be

Keywords: individualized. Single-lumen catheters are recommended and taurolidine should be used for locking the catheter. The HPN's lipid content must
Short bowel be greater than 1 g/kg per week but not exceed 1 g/kg per day, and omega-6 fatty acids (w6 FAs) should be reduced. Trace element vials with
syndrome. Home low doses of manganese should be used. Patients with chronic SBS who require long-term HPN/fluid therapy despite optimized treatment should
parenteral nutrition. be considered for teduglutide treatment. All patients require a multidisciplinary approach and specialized follow-up. These recommendations and
Teduglutide. suggestions regarding nutritional management in SBS patients have direct clinical applicability.
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Resumen

F. J. Vilchez-Lopez et al.

Con el fin de desarrollar recomendaciones basadas en la evidencia y el consenso de expertos para el manejo nutricional de los pacientes con
sindrome de intestino corto (SIC), realizamos una busqueda bibliografica sistematica utilizando la metodologia PRISMA junto a una valoracion
critica siguiendo los procedimientos de la escala GRADE. El tratamiento farmacoldgico con farmacos antisecretores, antidiarreicos y somatostatina
contribuye a reducir las pérdidas intestinales. El apoyo nutricional se basa en la nutricion parenteral; sin embargo, la ingesta oral y/o la nutricion
enteral deben introducirse lo antes posible. En la fase cronica, la dieta debe tener las menores restricciones posibles y adaptarse al tipo de SIC.

Palabras clave:

Sindrome del
intestino corto.
Nutricién parenteral
domiciliaria.
Teduglutida.

INTRODUCTION

Short bowel syndrome (SBS) is one of the most important
causes of acute intestinal failure (IF) and the most frequent cause
of chronic IF (75 % of cases). SBS is defined as a reduction in
small bowel length, which leaves less than 200 ¢cm or less than
50 % of the initial length. The main causes of SBS are mesenteric
ischemia and Crohn’s disease. SBS is classified according to the
type of anastomoses, i.e., type | (end jejunostomy or ileostomy),
type Il (jejuno-colic anastomosis), and type Il (jejuno-ileal anas-
tomosis) (1,2).

From the clinical point of view, acute SBS frequently develops
abdominal sepsis and fluid and electrolyte disorders (3). In chronic
SBS, the patient’s clinical and metabolic situation will also depend
on the intestinal segment affected, the functionality of the remai-
ning intestine, and the presence or absence of terminal ileum,
ileocecal valve, and colon (4). Intestinal adaptation is a process
that may take up to 24 months after intestinal resection. Different
mechanisms are involved, such as the development of compensa-
tory hyperphagia, structural changes that increase the absorption
surface, functional changes that slow transit time, and changes in
the gut microbiota (4,5). HPN is required indefinitely unless total
intestinal adaptation is attained.

SBS is a rare disease and the scientific quality of evidence
regarding treatment is generally low, with the exception of spe-
cific aspects. Questions about nutritional therapy and pharmaco-
logical treatment, among others, still do not have clear answers.
The Andalusian Group for Nutrition Reflection and Investigation
(GARIN) aims to answer these questions in an attempt to try and
improve care for these patients, and standardize routine clinical
practice.

MATERIALS AND METHODS

The GARIN group members held a virtual meeting to propose
and select questions related to the clinical practice and manage-
ment of patients with SBS. Nine questions were considered to be
of interest either because clinical practice guidelines (CPGs) do
not answer them or because the response provided is not clear.

Once selected, on May 1, 2020 a systematic bibliographic
search was carried out in PUBMED, which was narrowed down

La nutricién parenteral domiciliaria (NPD) debe individualizarse. Se recomiendan catéteres de un solo lumen y se debe utilizar taurolidina para
bloguear el catéter. El contenido de lipidos de la HPN debe ser superior a 1 g/kg por semana, pero no debe exceder 1 g/kg por dia, y debe reducirse
el acido graso omega-6 (AG w6). Deben utilizarse viales de oligoelementos con dosis bajas de manganeso. Los pacientes con SIC crénico que
requieren NPD/fluidoterapia a largo plazo a pesar del tratamiento optimizado deben considerarse para el tratamiento con teduglutida. Todos los
pacientes requieren un abordaje multidisciplinar y un seguimiento especializado. Estas recomendaciones y sugerencias con respecto al manejo
nutricional de los pacientes con SIC tienen aplicabilidad clinica directa.

to published systematic review articles, meta-analyses, controlled
clinical trials, case series, and clinical practice guidelines (CPGs)
published in the last 10 years. The search formula used was: “Short
Bowel Syndrome” AND (“Diagnosis” OR “Therapeutics” OR “Nutri-
tion Therapy” OR “Citrulline” OR “Nutritional Support” OR “Drug
Therapy” OR “Diet” OR “Enteral Nutrition” OR “Parenteral Nutri-
tion, Home” OR “Nutrition Assessment” OR “quality of life” OR “Fat
Emulsions, Intravenous” OR “Fatty Acids, Omega-3” OR “Probiot-
ics” OR “Bacterial Overgrowth Syndrome” OR “bioelectrical imped-
ance analysis”), with limits: “From 01-01-2010 to 01-05-2020",
“Adults over 19 y”, “Spanish and English” and “human beings”.

The evaluation of the eligibility of the different works was car-
ried out independently by two reviewers (FJVL and LLE). Disagree-
ments between reviewers were resolved by consensus. After the
initial reading of the title and Abstract, we excluded case reports,
works referred to pediatric populations, and papers not directly
related to the topic. The rest of articles required a full reading by
both reviewers to assess their eligibility and decide which articles
should be included or excluded.

A total of 262 results were obtained, of which 130 articles
were reviewed that met the search criteria. Of the 132 articles
that were excluded, 15 referred to a pediatric population and
79 were case reports. Another 37 articles were also excluded,
since they made reference specifically to the underlying disease
of SBS, surgical treatment, etc., rather than aspects related to the
diagnosis and medical treatment. Figure 1 specifies the process
according to the PRISMA methodology (6).

The quality assessment of each original study was carried
out using the grade-pro methodology (https://gradepro.org/).

In a second virtual meeting, in which an updated Summary of
the literature available on short bowel syndrome was presented,
the members of the GARIN group discussed those aspects related
to the considered questions that were more controversial, or those
in which there was less scientific evidence available. Aspects in
which, therefore, our opinion as a group of experts could have
added value. The various proposals were debated and agreed.
The evaluation of grading the evidence of each proposal was
performed using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) scale (7); finally, they were
drafted according to the criteria set out in table .

A consensus was reached regarding the responses to the ques-
tions previously selected, taking the available evidence into con-
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sideration. After the discussion, the group members electronically
evaluated the consensus using a Likert-type scale (8). The evalua-

different proposals suggested by GARIN and the supporting sci-
entific evidence were collected.

Figure 1. All the GARIN group members responded to the surveys. The
Flow diagram following the PRISMA methodology that reflects the selection and questlons and the level of gpnsgnsus reached after responding
evaluation process of the analyzed papers. Adapted from Liberati et al. (7). to the Likert scale are specified in table .

=
o
= . ies
S d;‘;ﬁ‘;rs‘fs'g::‘c‘mﬁg fﬂﬂ%‘,‘ﬁgd) tion form had five possible answers to evaluate each recommen-
% (n = 262) dation (“totally disagree” with an assigned value of 1, “disagree”
= ¢ with an assigned value of 2, “neither agree nor disagree” with
— Rocords after dupfioated an assigned value of 3, “agree” with an assigned value of 4, and
ecoras arter auplicate « " gt :
2 removed (n = 262) totally agree” with an assigned value of 5). The consensus level
e + of each recommendation was calculated by adding the total value
S Rooorts scroenad (1= 262 Full-text articles resulting from the regporjseg obtained, dividing it by the maximum
L excluded (n = 132): value, and then multiplying it by 100.
| + — Pediatric population
E Full-text articles assesed (n =15)
a for eligibility (n = 262) || ~ Case reports
g orns (n="79) RESULTS
m — Not related to the
— topic (n = 36) ) ) . ) )
2 A — Animals (n = 1) This article includes the responses to 9 questions, obtained
S Studies included (n =130) from the process described above. After each question, the
=
=

Table I. Grades of recommendation according to the GRADE-ASPEN scale

Quality of evidence Weighing risks vs benefits | Grade recommendation Statement
High to very low Net benefits outweigh the risks Strong We recommend
High to very low Benefits compensate the risks Weak We suggest
o ) We cannot make a recommendation
. Uncertain if the benefits L
High to very low X Further research needed at this time / As expert consensus
compensate the risks .
our proposal is. ..

Adapted from Druyam et al. (7).

Table Il. GARIN group proposals and level of consensus reached
after evaluation using the Likert scale

Consensus
GARIN Group proposals level
Which therapeutic measures should be implemented in acute IF secondary to SBS?
We recommend strict fluid balance in all patients 95.38 %
As a consensus of experts our proposal is to maintain a minimum diuresis of 1 mL/kg/h (or 25/mL/kg/day) 98.46 %
As a consensus of experts our proposal is to determine the concentration of electrolytes in the urine and 87 69
to maintain Na concentrations above 20 mmol/L or 50 mmol/24 h, together with a Na/K ratio in the urine > 1 o
As a consensus of experts, our proposal is the use of the bioelectric impedance analysis as an additional method
. . ) . . 76.92 %
to assess hydration status, in comparison with other pathologies
We recommend the monitoring and replacement of electrolytes (mainly magnesium, sodium, and potassium) 100 %
As a consensus of experts, our proposal is to maintain electrolyte levels at the high limit of normality, in the case of postoperative ileus 75.38 %
What is the optimal symptomatic drug treatment for SBS?
For SBS patients, especially those with high fecal production, we suggest PPI treatment for the first 6 months,
o 95.38 %
followed by individualized treatment
We are unable to make a recommendation to propose a PPI drug of choice 92.3 %

(Continues on the next page)
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Table Il (Cont.). GARIN group proposals and level of consensus reached
after evaluation using the Likert scale

Consensus
GARIN Gro roposals
up prop level
What is the optimal symptomatic drug treatment for SBS?
As a consensus of experts, our proposal is to replace PPI treatment with an H2 receptor antagonist (H2RA) in patients
) 96.92 %
who develop hypomagnesemia when under PPI treatment
We suggest the use of loperamide as a first-line antidiarrheal agent to reduce water and electrolyte loss (after ruling
, . . . : . , 98.56 %
out gastrointestinal tract infection). If losses are not controlled with loperamide, then add codeine
In order to ensure adequate therapeutic adherence, coupled with clinical results, we suggest ease of access to these drugs 96.92 %
with this therapeutic indication wen
As a consensus of experts our proposal is to associate octreotide soon after intestinal resection in patients whose intestinal 87 69 %
output is not controlled with the abovementioned drugs, especially if the ostomy is high output R
As a consensus of experts our proposal is to associate bile salt chelating resin with antisecretory and antidiarrheal agents in 93.84 9%
patients with intestinal resection (less than 100 c¢m of remaining small bowel) and colon in continuity, and non-controlled diarrhea R
As a consensus of experts our proposal is use pancreatic enzyme therapy in the case of steatorrhea despite adequate compliance 87 69 %
. 0

with the dietary recommendations

As a consensus of experts our proposal is to use empirical antibiotic treatment in patients with clinical suspicion of bacterial
overgrowth, with rifaximin as the first choice, and in the case of requiring several cycles, different antibiotic regimens should be 89.23 %
used in a cyclical way, to avoid the appearance of bacterial resistance

We suggest monitoring the efficacy of other concomitant drugs, mindful that there may be a need for dose increase or alternative

0,
route administration 95.38 %
What is the ideal nutritional assessment method for SBS?
We recommend repeated screening and nutritional assessments for all patients in all the phases of the disease 100 %
As a consensus of experts our proposal is to apply GLIM criteria to establish the diagnosis of malnutrition and grade its severity,
) o ) e , 87.69 %
with the objective of its validation in the coming years
As a consensus of experts our proposal is to use BIA, in addition to analytical and anthropometric parameters, to detect
. " e ) ) 84.61 %
changes in nutritional status and evaluate the nutritional interventions carried out
What are the recommended nutritional requirements with SBS?
In the acute phase, we suggest using indirect calorimetry where available 81.53 %
As a consensus of experts our proposal for an alternative is to establish the energy and protein requirements according
to the following calculations:
— In acute phase: caloric requirements: 25-35 kcal/kg/day; protein requirements: 1.5 g/kg real weight/day 80 9
— In chronic phase: caloric requirements: 25-35 kcal/kg/day. Use usual weight in case of edema and adjusted weight in case °
of obesity. As a consensus of experts our proposal is to calculate the caloric requirements using Johnstone’s equation if the
impedance measurement is available; protein requirements: 1-1.4 g/kg/day
We recommend adjusting the requirements to the clinical and analytical changes, and to always consider the potential loss
. 98.46 %
of nutrients through the stoma
What recommendations can we establish in oral feeding and enteral nutrition in SBS?
Acute phase
We suggest starting an ad libitum oral diet as soon as possible 89.23 %
We suggest reducing the supply of hypotonic fluids (Iless than 500 mL/day) and administering oral glucosaline solutions 96.62 %
with at least 90 mmol/L of Na and 300 mosm/L osmolarity in patients with ostomies wen
As a consensus of experts our proposal is to supplement with enteral nutrition/enteroclysis if oral intake is not possible or is insufficient 92.3 %
As a consensus of experts our proposal is continuous EN feeding at a low speed, as long as it is a consensual decision made by
) . 80.0 %
the therapeutic team and the patient
As a consensus of experts our proposal is the use of polymeric formulations for nasoenteric enteral nutrition, and to resort to 83.07 %
. 0

oligomeric formulations if there is intolerance

(Continues on the next page)
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Table Il (Cont.). GARIN group proposals and level of consensus reached
after evaluation using the Likert scale
Consensus
GARIN Group proposals level
Chronic phase: general measures
As a consensus of experts our proposal is that the diet be as restriction-free as possible, but adapted to the general and specific 0
recommendations of each type of SBS, according to the patient’s clinical condition 91.66 %
As a consensus of experts our proposal is to supply oral nutritional supplements to SBS patients with a low level of parenteral 9077 %
nutrition dependence
As a consensus of experts our proposal is for several small meals to be ingested throughout the day, to avoid drinking liquids 9076 %
with meals and to minimise the consumption of simple sugars
Currently, we are unable to make a recommendation about the addition of glutamine or other specific nutrients 89.23 %
Chronic phase: symptomatic colon patients
As a consensus of experts our proposal is to reduce lipid intake to 20 % of the total calorie value (TCV), although this percentage 0
may be raised slightly in a stable patient so as to increase the total intake 89.23%
As a consensus of experts our proposal is to increase the intake of complex carbohydrates (60 % TCV) 89.23 %
As a consensus of experts our proposal is not to add soluble fibre in a systematic way, although it may be considered in selected cases 87.69 %
As a consensus of experts our proposal is not to exclude lactose in a systematic way 92.3 %
As a consensus of experts our proposal is to reduce the intake of oxalate 95.38 %
Currently, we are unable to make a recommendation about the use of probiotics in these patients 93.84 %
Chronic phase: patients without colon in continuity
We suggest using salt liberally 92.3 %
We suggest oral rehydration formulas, and for hypotonic and hypertonic fluids to be avoided when there is a fluid imbalance 95.38 %
As a consensus of experts our proposal is a hypercaloric diet, with protein supplying 20 % of the TCV. The fat/carbohydrate ratio 93.84 %
is less relevant and it can be increased
As a consensus of experts our proposal is not to add soluble fibre in a systematic way, although in selected cases it may have benefits 84.61 %
As a consensus of experts our proposal is not to exclude lactose in a systematic way 96.92 %
Home parenteral nutrition
What is the catheter of choice for HPN in patients with SBS?
Asaconsensusofexpertsourproposalistoindividualisethechoiceofaccessbasedonthepatient’scharacteristicsandthesite’'sexperience 95.38 %
We recommend using single-lumen catheters or using a lumen exclusively for PN when using multiple-lumen catheters 100 %
What is the ideal catheter lock?

We recommend locking the catheter with taurolidine in all cases 98.46 %

What method of administration should we use?
We suggest administering the HPN cyclically 98.46 %

What should be the formulation composition for macro and micronutrients?

As a consensus of experts our proposal is to distribute non-protein calories between CH 60-70 % and lipids 30-40 %, once the 93.84 %
caloric and protein requirements have been calculated
We suggest that the lipid content be greater than 1 g/kg/week but not greater than 1 g/kg/day 87.69 %
We suggest reducing the supply of w6 FAs by using the new lipid emulsions (MCT, olive oil, fish oil) 92.3 %
We suggest limiting glucose intake to less than 5-7 mg/kg/min or 3-6 g/kg/day 96.92 %
We suggest a total volume of 25-35 mL/kg/day, individualized according to fluid losses and in cases such as kidney failure or heart failure 93.84 %
We suggest administering electrolytes based on the recommended daily needs, adjusted in order to normalise plasma levels 93.84 %
As a consensus of experts our proposal is a daily intake of intravenous vitamins based on the recommended daily needs, 0
individualised in accordance with regular monitoring to maintain levels within normality 95.38 %
As a consensus of experts our proposal is a supply of intravenous trace elements based on the recommended daily needs, 9231 %
individualised according to regular monitoring
We suggest an extra dose of zinc (12-17 mg/L of intestinal fluid lost) in case of abundant intestinal losses 87.69 %
We suggest using vials of trace elements with low manganese doses 84.61 %

(Continues on the next page)
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Table Il (Cont.). GARIN group proposals and level of consensus reached
after evaluation using the Likert scale

Consensus
GARIN Group proposals level
Teduglutide
What is the role of teduglutide in the treatment of SBS?
We suggest initiating treatment with teduglutide in chronic SBS patients who require ongoing HPN/fluid therapy despite optimised
treatment, and with an acceptable nutritional status and fluid and electrolyte balance, who meet the following requirements: 8182 %

non-obstructive and non-malignant underlying disease; clinical stability after the intestinal adaptation period after intestinal
resection (estimated at 12 months after extensive bowel resection or 6 months after minor reoperation on a long-standing SBS)

We suggest performing colonoscopy in patients with colon prior to starting treatment 96.36 %

What do we need to consider in patients who are candidates for teduglutide treatment?

We suggest close monitoring of the water balance, weight, physical examination, biochemical parameters, and intake changes,

after 12 months, consider if treatment should be stopped

to adjust nutritional and volume requirements 90.91 %
We suggest a colonoscopy every year for the first two years and then every 5 years 89.01 %
We suggest a six-monthly check-up of biliary and pancreatic parameters 92.73 %
We suggest evaluating the effectiveness of the treatment on a regular basis. In the absence of clinical improvement 90.91 %

DISCUSSION

INITIAL ACUTE PHASE MANAGEMENT

What are the therapeutic measures to
implement in acute IF secondary to SBS?

GARIN proposal:

We recommend strict fluid balance in all patients (consensus
level: 95.38 %) (moderate quality of evidence; net benefits out-
weigh the risks).

As a consensus of experts, our proposal is to maintain a mini-
mum diuresis of 1 mL/kg/h (or 25/mL/kg/day) (consensus level:
98.46 %).

As a consensus of experts, our proposal is to determine the
concentration of electrolytes in the urine and to maintain Na con-
centrations above 20 mmol/L or 50 mmol/24 h, together with a
Na/K ratio in urine > 1 (consensus level: 87.69 %).

As a consensus of experts, our proposal is the use of the bio-
electric impedance analysis as an additional method to assess the
hydration status, in comparison with other pathologies (consensus
level: 76.92 %).

We recommend the monitoring and replacement of electrolytes
(mainly magnesium, sodium, and potassium) (consensus level:
100 %) (low quality of evidence; net benefits outweigh the risks).

As a consensus of experts, our proposal is to maintain electro-
lyte levels at the high limit of normality in the case of postoperative
ileus (consensus level: 75.38 %).

The management of acute IF secondary to massive intestinal
resections should be multidisciplinary and based on the SOWATS
approach, proposed by the Maastricht group and endorsed by
ESPEN: (S) Sepsis control, (0) Optimization of nutritional care, (W)

Wound care, (A) Assessment of intestine and fistula anatomy, (T)
Timing of surgery, and (S) Surgical strategy (3).

Fluid and electrolyte replacement should be started imme-
diately, before any nutritional intervention. Fluid and electrolyte
losses are greater in the initial post-resection period, especially
in patients with end-jejunostomy or proximal ileostomy. There-
fore, hemodynamic stabilization and prevention/treatment of
dehydration and electrolyte deficiencies (especially magnesium,
potassium, and sodium) is essential. It is essential to monitor the
fluid balance (including intestinal or nasogastric tube drainage
losses), kidney function, acid-base balance, and electrolyte
levels (3).

A minimum diuresis of 1 mL/kg/h (or 25 mL/kg/day) should
be maintained. In general, the water requirements tend to
exceed 30-40 mL/kg/day. Urine sodium concentration is a
gauge of hydration status. Concentrations below 20 mmol/L or
50 mmol/24 h, together with a Na/K ratio in urine < 1, indicate
early fluid and sodium depletion and precede any elevation in
urea and creatinine (3).

Bioelectrical impedance analysis (BIA) is a simple, non-invasive,
and low-cost method that, in addition to evaluating body composi-
tion, allows assessing the hydration status in patients with kidney
disease or heart failure, although there are currently no studies
in patients with SBS. Hyperhydration assessed by BIA has been
associated with an increase in mortality (9).

Electrolyte replacement is crucial. Loss depends on the
affected intestinal segment, although often it is not predict-
able. Hypokalemia, hypomagnesemia, and hypophosphatemia
are common and associated with paralytic ileus and refeeding
syndrome. Restoring levels to high-normal could be beneficial
for treating the ileus, but evidence to support this recommenda-
tion is lacking (10).
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PHARMACOTHERAPY (Table Il

What is the optimal symptomatic drug
treatment for SBS?

GARIN proposal:

For SBS patients, especially those with high fecal production,
we suggest PPI treatment for the first 6 months, followed by indi-
vidualized treatment (consensus level: 95.38 %) (low quality of
evidence; benefits compensate the risks).

Currently, we are unable to make a recommendation to propose
a PPI drug of choice (consensus level: 92.3 %).

As a consensus of experts, our proposal is to replace PPl treatment
with an H2 receptor antagonist (H2RA) in patients who develop hypo-
magnesemia when under PPI treatment (consensus level: 96.92 %).

We suggest the use of loperamide as first-line antidiarrheal
agent to reduce water and electrolyte loss (after ruling out gas-
trointestinal tract infection). If losses are not controlled with loper-
amide, then add codeine (consensus level: 98.56 %) (low quality
of evidence; benefits compensate the risks).

In order to ensure adequate therapeutic adherence, cou-
pled with clinical results, we suggest ease of access to these
drugs with this therapeutic indication (consensus level: 96.92 %)
(low quality of evidence; benefits compensate the risks).

As a consensus of experts our proposal is to associate octreo-
tide soon after intestinal resection in patients whose intestinal
output is not controlled with the above-mentioned drugs, espe-
cially if the ostomy is high output (consensus level: 87.69 %).

As a consensus of experts our proposal is to associate a bile
salt-chelating resin with antisecretory and antidiarrheal agents in
patients with intestinal resection (less than 100 cm of remaining
small bowel) and colon in continuity, and non-controlled diarrhea
(consensus level: 93.84 %).

As a consensus of experts our proposal is to use pancreatic
enzyme therapy in the case of steatorrhea despite adequate
compliance with the dietary recommendations (consensus level:
87.69 %).

As a consensus of experts our proposal is to use empirical
antibiotic treatment in patients with clinical suspicion of bacte-
rial overgrowth, with rifaximin as the first choice. In the case of
requiring several cycles, different antibiotic regimens should be
used in a cyclical way, to avoid the appearance of bacterial resis-
tance (consensus level: 89.23 %).

We suggest monitoring the efficacy of other concomitant drugs,
mindful that there may be a need for dose increase or alternative
route administration (consensus level: 95.38 %) (low quality of
evidence; net benefits outweigh the risks).

Table lll. Pharmacological treatment of SBS (3,4,11,12,14,27)

Therapeutic group

Mechanism of action

Active ingredient (via)

Dose (maximum)

Antidiarrheal agents:
slowing of intestinal transit

Peripheral opioid agonist

Loperamide (vo)

2-6 mg QID (24 mg/d)

Central and peripheral opioid agonist

Codeing (vo)

15-30 mg QID (240 mg/d)

Antisecretory agents:
inhibition of gastric secretion

Proton pump inhibitors

Omeprazole (vo/iv)

20-40 mg/12 h

Lansoprazole (vo)

15-30 mg/12 h

Pantoprazole (vo/iv)

20-40 mg/12 h

Esomeprazole (vo/iv)

20-40 mg/12 h

Rabeprazole (vo)

20 mg/12 h

H2 antagonists

Famotidine (vo/iv)

20-40 mg/12 h

Cimetidine (vo/iv)

200-400 mg/12 h

Mixed: inhibits gastric secretion, gastric and
colonic motility, and intestinal secretion

Alpha-2 adrenergic agonist

Clonidine (vo) 0.1-0.2mg/12 h

Mixed: inhibits gastric, biliopancreatic and
intestinal secretion, and decreases intestinal

motility

Somatostatin analogue

Octreotid (sc)

50-250 mcg/6-12 h

Antibiotics: bacterial overgrowth treatment

Microbiota modification

Amoxicillin-clavulanate (vo)

500 mg-125mg/8 h

Ciprofloxacin (vo) 500 mg/12 h
Rifaximin (vo) 550 mg/8 h
Metronidazole (vo) 500 mg/8 h

Trimethoprim-sulfamethoxazole (vo)

160-800 mg/12 h

Pancreatic enzymes

Fat malabsorption

Pancreatic lipase (vo)

500 u/kg/meal (2,500 u/kg/
meal or 10,000 u/kg/d)

vo: orally; iv: intravenously; sc: subcutaneously; QID: 4 times per day.
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Pharmacotherapy is a symptomatic treatment used for the
many SBS-associated pathophysiological mechanisms. The indi-
cations and proposed doses are based on those published in the
literature; however, many of these drugs are prescribed off-label.
The low prevalence of SBS means that clinical trials are practically
non-existent and, in many cases, the therapeutic plan is based on
the drug response witnessed in other pathologies such as chronic
diarrhea or malabsorption.

Antisecretory drugs

Hypergastrinemia secondary to intestinal resection is a cause
of gastric hypersecretion, which accelerates transit and neutra-
lizes pancreatic enzymes and bile salts, making digestion diffi-
cult. Therefore, the use of antisecretory drugs is useful, initially
intravenously and later orally/enterally. PPIs are of choice because
they contribute to reducing stool wet weight and sodium excretion
(up to 25 %), especially during the first 6 months after surgery and
when fecal production exceeds 2 L/day. Long-term maintenance
may be considered in individual cases. The effects on energy and
macronutrient absorption are less pronounced. All (100 %) of the
GARIN group experts use omeprazole as a first-line PPl at varying
dosages (between 40 and 80 mg per day) (3,4,11,12).

The use of PPIs has been associated with the development of
hypomagnesemia, and this is possibly a dose-dependent effect,
S0 it is essential to monitor magnesium and calcium levels, and to
exercise greater caution in high-risk patients such as those with
high-output ostomies. In the event of PPI-associated hypomagne-
semia, the use of H2RAs should be considered (13). Seventy-five
percent of the GARIN group experts use famotidine as an alterna-
tive to PPls in hypomagnesemia cases.

Anti-diarrheal agents

An intestinal resection, especially if it affects the distal small
bowel, causes a decrease in PYY, GLP1 and GLP2, which accele-
rates intestinal transit and reduces the contact time of nutrients
with the intestinal mucosa. Antidiarrheal agents help to slow
down the gastrointestinal transit. Loperamide reduces the loss of
water and electrolytes, helps to reduce the need for intravenous
fluid therapy, and facilitates stoma management. It has no cen-
tral effects and, since it participates in the enterohepatic circula-
tion, it can be administered at high doses safely and effectively in
patients with terminal ileum resection. Its effectiveness should be
evaluated regularly. One hundred percent (100 %) of the GARIN
group experts use loperamide at varying dosages as first-choice
antidiarrheal agent. If loperamide is not sufficient, codeine should
be added, which has a longer lasting effect; however, it crosses
the blood-brain barrier and may cause side effects on the central
nervous system. Since they have different mechanisms of action,
both drugs can be administered together, 30 to 60 minutes before
meals (to compensate for the gastrocolic reflex) and before slee-
ping. Treatment adjustments should be made every 3-5 days, until
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either an adequate clinical response is observed, adverse effects
appear, or the maximum dose is reached. Diarrhea associated with
Clostridium difficile or gastrointestinal infection should be excluded
before initiating treatment with antidiarrheals (3,4,11,12).

Octreotide

A somatostatin analogue. It reduces digestive secretions, pro-
motes fluid and electrolyte absorption, and slows transit. It is use-
ful'in patients with high-output ostomies refractory to conventional
treatment, especially in the short term after intestinal resection.
Gallstones appear in 20-50 % of treated patients, so this should
be monitored. It may delay intestinal adaptation (3,4,11,12).

Resins (cholestyramine and colestipol)

These are useful in patients whose colon is in continuity. In
patients with a residual ileum of less than 100 cm and colon
in continuity, they can help prevent unabsorbed bile salts in the
ileum spilling over into the colon and inducing osmotic diarrhea.
However, they should be avoided in patients with more than
100 cm of ileum because they can induce steatorrhea (3,11,12).

Antibiotics

Antibiotics are recommended in patients with SBS and bacte-
rial overgrowth. Although there are no specific diagnostic criteria
for its definition, this therapeutic plan in the event of clinical
suspicion is justifiable. Different regimens should be adminis-
tered cyclically, to avoid the appearance of bacterial resistance
(4,12,14). They should be handled with caution in patients with
colon because they can alter the gut microbiota and, there-
by, inhibit the energy salvage achieved by the absorption of
short-chain fatty acids, and increase the risk of lactic acidosis.
Although there are no conclusive data in favor of a specific drug
as the first choice, rifaximin seems to have better efficacy and
tolerability (15).

Pancreatic enzymes

These can be useful in patients with steatorrhea despite having
complied with dietary recommendations, in relation to the persis-
tence of rapid transit (12).
Concomitant drugs

SBS patients not only need drugs for symptomatic control but
they often have concomitant diseases that require pharmaco-

logical treatment. This can be compromised by factors such as
acid hypersecretion, rapid gastric emptying, reduced absorption
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surface area, accelerated intestinal motility, interruption of entero-
hepatic circulation, and intestinal microbiota disorders. For this
reason, it is essential to monitor the efficacy of the concomitant
drugs, since they may require dose titration and, on occasions,
alternative administration routes (subcutaneous, parenteral, rec-
tal, etc.) (4).

NUTRITIONAL ASSESSMENT AND
NUTRITIONAL REQUIREMENTS

What is the ideal nutritional assessment
method for SBS?

GARIN proposal:

We recommend repeated screening and nutritional assess-
ments for all patients in all the phases of the disease (consensus
level: 100 %) (low quality of evidence; net benefits outweigh
the risks).

As a consensus of experts our proposal is to apply GLIM criteria
to establish the diagnosis of malnutrition and grade its severity,
with the objective of its validation in the coming years. (Consensus
level: 87.69%)

As a consensus of experts our proposal is to use BIA, in addition
to analytical and anthropometric parameters, to detect changes in
nutritional status and evaluate the nutritional interventions carried
out (consensus level: 84.61 %).

A complete nutritional assessment must be performed in all
patients. A consensus was recently reached regarding the diag-
nosis of nutritional status by a group of experts from the main
scientific societies (GLIM Criteria: Global Leadership Initiative on
Malnutrition) (3,16).

Bioelectrical impedance (BIA) is a non-invasive tool to mea-
sure body composition and nutritional status. The phase angle is
considered a marker of cell integrity and, in various pathologies,
it has been correlated with other nutritional parameters and/or
muscle mass. There are no specific studies involving SBS, but
it has been proposed as a prognostic marker in different clinical
situations including HIV, cancer, surgery, and chronic liver disease
(17,18). Bioelectrical impedance vector analysis (BIVA) is a vecto-
rial approach of BIA, which could represent an alternative method
that avoids errors derived from the BIA equation, and provides an
improved estimation of body compartments. Fassini et al. con-
cluded that BIVA may represent a better predictor of nutritional
status for the analysis and interpretation of body composition in
patients with short bowel syndrome (19).

What are the recommended nutritional
requirements in the SBS?

GARIN proposal:

In the acute phase, we suggest using indirect calorimetry where
available (consensus level: 81.53 %) (low quality of evidence;
benefits compensate the risks).
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As a consensus of experts our proposal for an alternative is to
establish the energy and protein requirements according to the
following calculations (consensus level: 80 %):

- Inthe acute phase: caloric requirements: 25-35 kcal/kg/day;

protein requirements: 1.5 g/kg real weight/day.

— In the chronic phase: caloric requirements: 25-35 kcal/kg/
day. Use usual weight in case of edema and adjusted weight
in case of obesity. As a consensus of experts our proposal
is to calculate the caloric requirements using Johnstone’s
equation if the impedance measurement is available. Protein
requirements: 1-1.4 g/kg/day.

We recommend adjusting these requirements to clinical and
laboratory changes, and to always consider the potential loss of
nutrients through the stoma (consensus level: 98.46 %) (low qua-
lity of evidence; net benefits outweigh the risks).

Indirect calorimetry is the gold-standard technique for estimat-
ing caloric needs, and it should be repeated periodically to detect
changes in energy requirements. However, this technique is not
always available and, frequently, it is necessary to resort to pre-
dictive equations.

The latest ASPEN (2016) and ESPEN (2019) recommendations
for acute-phase patients in the intensive care unit are 25-30 kcal/
kg/day (providing 70 % of the estimated requirements during the
first week, with progressive increases from then on) and 1.2-
2 g/kg/day and 1.3 g/kg/day of proteins, respectively (20,21).
The ESPEN recommendations for acute IF are 25-35 kcal/kg/day
(depending on whether the patient is in the early catabolic phase
or in the later anabolic phase), and up to 1.5 g/kg real weight/
day of proteins (3).

Most scientific societies recommend 20-35 kcal/kg in
chronic IF (4). The usual weight should be used in the pres-
ence of edema, and the adjusted weight in the case of obesity
(BMI > 30 kg/m?). In a situation of severe malnutrition, the
calorie goal can be 30-35 kcal/kg/day (22). Some authors have
compared the results of indirect calorimetry with those of vari-
ous predictive equations (23). Skallerup et al. concluded that
the best approximations are obtained with the Harris-Benedict
equation (with anthropometric parameters) or with the John-
stone equation (with impedance measurement), despite the fact
that the BMR is overestimated or underestimated in approxi-
mately 35 % of the patients with both of them (24). This may
mean that formulas are necessary that estimate the BMR using
body composition parameters such as fat-free mass or muscle
mass index. All these recommendations should be adapted to
the clinical situation of the patient, the presence of catabolic
stress, body composition (if possible), the presence of comor-
bidities, and the level of physical activity.

The recommended protein requirements in this phase range
between 0.8 and 1.4 g/kg/day (4). In patients with normal renal
function the goal would be 0.8-1 g/kg/day, increasing this figure
to 1.5 g/kg/day in the presence of metabolic stress (22).

Additionally, none of these recommendations takes into account
the sometimes significant fecal losses of nutrients, which results
in the calculated requirements being frequently underestimated,
as suggested by Fassini et al. (25).
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NUTRITIONAL SUPPORT

What recommendations can we establish for
oral feeding and enteral nutrition in SBS?

GARIN proposal:

Acute phase

We suggest starting an ad libitum oral diet as soon as pos-
sible (consensus level: 89.23 %) (low quality of evidence; benefits
compensate the risks).

We suggest reducing the supply of hypotonic fluids (less than
500 mL/day) and administering oral glucosaline solutions with at
least 90 mmol/L of Na and 300 mosm/L osmolarity in patients
with ostomies (consensus level: 96.62 %) (low quality of evidence;
benefits compensate the risks).

As a consensus of experts our proposal is to supplement with
enteral nutrition/enteroclysis if oral intake is not possible or is
insufficient (consensus level: 92.3 %).

As a consensus of experts our proposal is continuous EN fee-
ding at a low speed, as long as it is a consensual decision made
by the therapeutic team and the patient (consensus level: 80 %).

As a consensus of experts our proposal is the use of polymeric
formulations for nasoenteric enteral nutrition, and to resort to oligo-
meric formulations if there is intolerance (consensus level: 83.07 %).

Chronic phase

As a consensus of experts our proposal is that the diet be as
restriction-free as possible but adapted to the general and specific
recommendations of each type of SBS, according to the patient’s
clinical condition (consensus level: 91.66 %).

As a consensus of experts our proposal is to supply oral nutri-
tional supplements to SBS patients with a low level of parenteral
nutrition dependence (consensus level: 90.77 %).

As a consensus of experts our proposal is for several small
meals to be ingested throughout the day, to avoid drinking liquids
with meals, and to minimize the consumption of simple sugars
(consensus level: 90.76 %).

Currently, we are unable to provide a recommendation about
the addition of glutamine or other specific nutrients (consensus
level: 89.23 %).

— Symptomatic patients with colon in continuity:

e As a consensus of experts our proposal is to reduce the
lipid intake to 20 % of the total calorie value (TCV), although
this percentage may be raised slightly in a stable patient so
as to increase the total intake (consensus level: 89.23 %).

¢ As a consensus of experts our proposal is to increase the
intake of complex carbohydrates (60 % TCV) (consensus
level: 89.23 %).

e As a consensus of experts our proposal is not to add
soluble fiber in a systematic way, although it may be con-
sidered in selected cases (consensus level: 87.69 %).
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e As a consensus of experts our proposal is not to exclude
lactose in a systematic way (consensus level: 92.3 %).

e As a consensus of experts our proposal is to reduce the
intake of oxalate (consensus level: 95.38 %).

e Currently, we are unable to make a recommendation about
the use of probiotics in these patients (consensus level:
93.84 %).

— Patients without colon in continuity:

¢ We suggest using salt liberally (consensus level: 92.3 %)
(low quality of evidence; benefits compensate the risks).

o We suggest oral rehydration formulas and that hypotonic
and hypertonic fluids be avoided when there is fluid imba-
lance (consensus level: 95.38 %) (low quality of evidence;
benefits compensate the risks).

e As a consensus of experts our proposal is a hypercaloric
diet, with protein supplying 20 % of the TCV. The fat/
carbohydrate ratio is less relevant and may be increased
(consensus level: 93.84 %).

¢ As a consensus of experts our proposal is not to add sol-
uble fiber in a systematic way, although in selected cases
it may have benefits (consensus level: 84.61 %).

o As a consensus of experts our proposal is not to exclude
lactose in a systematic way (consensus level: 96.92 %).

In the acute phase, once hemodynamic stabilisation is ensured,
parenteral nutrition should be considered if it is believed that the
oral/enteral approach will not be possible or sufficient within a
week, which is often the case.

Normally, oral ingestion is initially contraindicated (critical
patients, risk of aspiration, high-output stoma, etc.). If this is not
the case, or as soon as possible when the contraindication is lifted,
ad libitum feeding is recommended by oral ingestion and/or oral
supplements. In patients with ostomies, the recommendation is
to limit the intake of hypotonic fluids (< 500 mL/day) and ingest
oral glucosaline solutions with at least 90 mmol/L Na and 300
mosm/kg osmolarity, to aid absorption and avoid an osmotic effect
towards the intestinal lumen (3).

The possibility of enteral nutrition should be considered if oral
intake is not possible or is insufficient. If possible, the adminis-
tration of enteral nutrition or the chyme to the distal intestinal
segment by enteroclysis can reduce the need for and offer an
alternative to parenteral nutrition, while awaiting the possibility of
reconstructive surgery (3,26). In the chronic phase, enteral tube
feeding in combination with oral feeding could contribute to the
suspension of parenteral support in patients with a low level of
HPN dependence, although compliance seems difficult beyond
the short term (3,4).

Polymeric formulas (which favor intestinal adaptation) should
be used, with an energy density or protein content adjusted to the
calculated requirements. In general, it is not necessary to use spe-
cific formulas, whereas oligomeric formulas should be reserved
for cases of gastrointestinal intolerance to standard formulas (3).

Dietary advice is essential and should be tailored to the type of
SBS, although the following measures are recommended more
on a conceptual basis than on the basis of solid scientific evi-
dence. ldeally, dietary recommendations should be given by an
experienced dietitian.
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To favor digestion and intestinal absorption of nutrients, it is
generally recommended that several small meals be ingested
throughout the day, and not to drink liquids with the meals. Simple
sugars should be avoided as they can potentially have an osmotic
effect on the intestinal lumen and increase fluid l0ss.

Specific measures recommended according
to the type of SBS (4, 11, 27)

— In symptomatic colon patients:

e Lipid intake should be reduced (20 % of the TCV): unab-
sorbed lipids make it difficult to absorb calcium, magne-
sium, and zinc, and can make diarrhea worse when they
reach the colon. Consuming medium chain triglycerides
may confer a marginal benefit to overall energy absorp-
tion, because they do not require the bile-salt action and
they are easily absorbed through the intestinal mucosa,
although they are usually poorly tolerated as they are not
very palatable. Attention should be paid to possible defi-
ciencies of essential fatty acids and fat-soluble vitamins.

¢ Anincrease in the intake of complex carbohydrates (60 %
of the TCV) is recommended to help the colonic synthesis
of short-chain fatty acids (SCFA) (acetic, propionic, and
butyric acid). SCFA absorption is linked to that of water
(with potential diarrhea improvement) and contributes to
a positive energy balance, as it can mean an increase of
up to 1000 kcal/day.

e The systematic addition of soluble fibre is not recommen-
ded. Although there are few studies in this regard. Pectin
supplementation did not improve macronutrient absorption
or diuresis (28). However, in a different study, the contri-
bution of ispaghulah husk (seed coats of the Plantago
ovata Forssk plant) improved calcium absorption and stool
consistency (4). In our usual clinical practice, 58.33 % of
the GARIN group experts add soluble fibre (the remaining
41.67 % do not do so systematically).

e Lactose should not be systematically excluded.

e The intake of oxalate in the diet (berries, leafy vegetables,
nuts, chocolate, etc.) should be reduced to minimize the
risk of kidney stones.

o ESPEN does not systematically recommend the use of pro-
biotics in patients with colon. In our usual clinical practice,
the majority (83.3 %) of the GARIN group experts do not
use probiotics in SBS patients.

e |t should be remembered that the long-term maintenance
of these low-fat, high-carbohydrate diets can reduce
appetite and energy intake, because they are bulkier, less
palatable, and can cause bloating. Therefore, to the extent
that the clinical condition permits, the diet should be as
least restrictive as possible.

- In patients without colon:

 The fat/carbohydrate ratio of the diet is less relevant.

e The 24-hour urine measurement including sodium con-
centration is useful. Diuresis below 800-900 cc/24 h or
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sodium excretion in urine < 35 mmol/24 h are suggestive
of a deficit of water and sodium absorption.

e n patients with high stoma output, salt consumption
should be without restrictions and hydration with high
sodium rehydration formulas should be recommended.
Absorption is optimal at concentrations of 90-120 mmol/L
of sodium, 30 mmol/L of glucose, and 300 mOsm/L osmo-
larity, but tolerance to long-term rehydration formulas is
not favorable (29).

e |t is advisable to avoid hypotonic fluids (water, tea, cof-
fee, alcohol) or hypertonic fluids (juices, soft drinks) that
increase fluid losses through the stoma.

e Although the ESPEN recommendations do not include
soluble fiber, in some cases its consumption could help to
gelatinize the stools, and reduce the fecal water content.

e Lactose should not be systematically excluded.

e In relation to specific nutrients, the ESPEN does not
recommend adding glutamine or other specific supple-
ments to promote the intestinal adaptation process.

What is the catheter of choice for HPN in SBS
patients? What is the ideal catheter lock? And
what method of administration should we use?

GARIN proposal:

As a consensus of experts our proposal is to individualize
the choice of access based on the patient’s characteristics
and the site’s experience (consensus level: 95.38 %).

We recommend using single-lumen catheters or using a lumen
exclusively for PN when using multiple-lumen catheters (consen-
sus level: 100 %) (moderate quality of evidence; net benefits
outweigh the risks).

We recommend locking the catheter with taurolidine in all cases
(consensus level: 98.46 %) (moderate quality of evidence; net
benefits outweigh the risks).

We suggest administering the HPN cyclically (consensus level:
98.46 %) (low quality of evidence; benefits compensate the risks).

Parenteral nutrition is essential in the acute phase, in isolation
or complementary to oral/enteral nutrition (when feasible). In the
chronic phase, HPN represents an essential, complex, and highly
specialized therapeutic alternative, which permits the intestinal
adaptation process to be continued on an outpatient basis. It is
necessary indefinitely or until complete intestinal adaptation.

In April 2020, the ESPEN updated their clinical guidelines on
HPN. Scientific evidence remains scant. Of the 71 recommenda-
tions, only 3 have grade A evidence, 17 have grade B evidence,
7 have grade 0 evidence, and 44 are expert consensus recom-
mendations (30).

An indwelling central catheter is required to administer HPN.
There are different options available: peripherally inserted central
catheters (PICC), tunnelled subcutaneous catheters, and subcu-
taneous venous reservoirs.

There is controversy in the literature about the ideal catheter for
HPN, although the choice largely depends on the patient and the
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site’s experience. According to the latest Home and Ambulatory
Artificial Nutrition (NADYA) group report, in 2017 38.2 % of HPN
patients in Spain used a tunnelled catheter, and 32.9 % used a
reservoir, possibly due to the high percentage of cancer patients
included (31). However, PICCs are increasingly used, displacing
the tunnelled catheter as the first option in both the Canadian
and the United States case series (PICC in 52.9 % and 47 %, and
tunnelled catheter in 38 % and 43 % of patients, respectively)
(32,33). Of all GARIN group experts, 72.72 % use PICC as the
venous access of choice. The ESPEN recommends PICCs when
HPN is necessary for less than 6 months or in certain settings,
such as patients with tracheostomy, and it recommends tunnelled/
implanted catheters if it is estimated that HPN will be necessary
for the long term (30). From a practical point of view, PICCs can
make patient self-management difficult.

Conflicting data exist on the infection rates seen with the diffe-
rent types of catheters. No clear differences were found between
PICCs and tunnelled catheters in two recent meta-analyses,
although the infection risk rate was lower in PICCs as compared
to implanted ports. Nor do there appear to be differences in the
risk of thrombosis or other mechanical complications (34,35).
More quality studies are needed to clarify this fundamental point.

The recommendations to minimize infection risk include: a well-
defined health care protocol; adequate patient and/or caregiver
training; and regardless of the type of catheter, a single-lumen cath-
eter should be used; or in the event of a multi-lumen catheter, one
lumen should be dedicated exclusively for PN administration. The
ESPEN does not recommend the use of filters or routine catheter
replacement (4,36). In a recent meta-analysis, which included 162
patients with HPN and 45,695 catheter days, taurolidine locking
was shown to be superior to saline solution or heparin in reducing
the risk of catheter infection (OR: 0.13; 95 % Cl: 0.05-0.32), as
well as being a cost-effective measure, especially for the most sus-
ceptible patients (37). Although it remains to be clarified whether it
should be used systematically, the latest published guidelines by the
ESPEN recommend a taurolidine lock, with grade B evidence (30).

The HPN is delivered cyclically, always by infusion pumps and,
generally, at night for 10-15 h (depending on the total volume and
the patient’s tolerance) in order to interfere as little as possible in
daily life. Flexibility in the infusion regimen, and the use of portable
infusion pumps are factors that improve the quality of life of these
patients (38,39).

What should be the formulation composition
for macro and micronutrients?

GARIN proposal:

As a consensus of experts our proposal is to distribute non-
protein calories between CH 60-70 % and lipids 30-40 %, once
the caloric and protein requirements have been calculated (con-
sensus level: 93.84 %).

We suggest that the lipid content be greater than 1 g/kg/week
but not greater than 1 g/kg/day (consensus level: 87.69 %) (low
quality of evidence; benefits compensate the risks).
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We suggest reducing the supply of w6 FAS by using the new
lipid emulsions (MCT, olive oil, fish oil) (consensus level: 92.3 %)
(low quality of evidence; benefits compensate the risks).

We suggest limiting glucose intake to less than 5-7 mg/kg/
min or 3-6 g/kg/day (consensus level: 96.92 %) (low quality of
evidence; benefits compensate the risks).

We suggest a total volume of 25-35 mL/kg/day, individualized
according to fluid losses and in cases such as kidney failure or
heart failure (consensus level: 93.84 %) (low quality of evidence;
benefits compensate the risks).

We suggest administering electrolytes based on the recommen-
ded daily needs, adjusted in order to normalize plasma levels (con-
sensus level: 93.84 %) (very low quality of evidence; net benefits
outweigh the risks).

As a consensus of experts our proposal is a daily intake of
intravenous vitamins based on the recommended daily needs,
individualized in accordance with regular monitoring to maintain
levels within normality (consensus level: 95.38 %).

As a consensus of experts our proposal is a supply of intravenous
trace elements based on the recommended daily needs, individual-
ized according to regular monitoring (consensus level: 92.31 %).

We suggest an extra dose of zinc (12-17 mg/L of intestinal
fluid lost) in case of abundant intestinal losses (consensus level:
87.69 %) (low quality of evidence; benefits compensate the risks).

We suggest using vials of trace elements with low manganese
doses (consensus level: 84.61 %) (low quality of evidence; ben-
efits compensate the risks).

Regarding the composition of the formulation (4,22), once the
caloric and protein requirements have been calculated, the non-
protein calories should be distributed between carbohydrates (60-
70 %) and lipids (30-40 %).

Amino acid mixtures should provide at least 50 % of the total
in the form of essential amino acids, with special interest in the
content of branched-chain amino acids such as leucine, isoleu-
cine, and methionine, to maintain or increase muscle mass in
long-term HPN patients (40).

The minimum lipid content should be 1 g/kg/week to avoid
essential fatty acid deficiency, and the provision of more than
1 g/kg/day must be avoided to reduce the risk of liver complica-
tions. In the American case series, lipids are administered on
average for 3.2 days/week in HPN (33). Glucose intake should be
limited to less than 5-7 mg/kg/min or 3-6 g/kg/day (which is the
equivalent of less than 350 g in 12 hours for a 70-kg adult) (30).

The latest ESPEN guidelines state that, for the acute phase,
it is advisable to use lipid emulsions that include omega-3 fatty
acids in critical and surgical patients, due to their immunomodu-
latory and anti-inflammatory properties (3). There are disagree-
ments as to the type and dose of lipid emulsion to be used for
the prevention and treatment of IF-associated liver disease in the
chronic phase. Lipid emulsions with MCT, olive oil, or fish oil can
be used to reduce the intake of w6 FAs. Fish oil (w3 FAs) has anti-
inflammatory effects; it increases the supply of alpha-tocopherol,
and decreases that of phytosterols (41,42). Most of the studies
evaluating the efficacy of lipid emulsions have been conducted in
children. In the few cases published in adults, it has been shown

[Nutr Hosp 2021;38(6):1287-1303]



EVIDENCE-BASED RECOMMENDATIONS OF THE ANDALUSIAN GROUP FOR NUTRITION REFLECTION AND INVESTIGATION 1299
(GARIN) FOR THE MANAGEMENT OF ADULT PATIENTS WITH SHORT BOWEL SYNDROME

to improve or resolve cholestasis, steatosis, and inflammation, but
with no changes in liver fibrosis (43,44). One hundred (100 %)
of the GARIN group experts use lipid emulsions with MCT, olive
oil, and/or fish oil. When the liver is damaged, the majority (75 %)
are of the opinion that medium chain triglycerides/olive oil/purified
soybean oil/fish oil solutions should be used, while addition-
ally some (25 %) use lipid emulsions composed exclusively of
omega-3 fatty acids for the most severe cases.

The total volume is usually 25-35 mL/kg/day. Given the great
inter- and intra-individual variability among SBS patients, it is
difficult to make a general recommendation for fluid require-
ments, as these depend on multiple factors: diuresis, fecal losses,
physical activity, level of intestinal adaptation, the presence of
comorbidities such as renal disease or heart failure, etc. Although
it is always necessary to invidualize the volume of HPN, ideally a
diuresis above 800-1000 cc should be maintained.

The amount of electrolytes, vitamins, and trace elements is
based on the recommended daily requirements, and is adjusted
on a regular basis.

Table IV. Recommended dosages
of electrolytes in HPN* (4)

Electrolyte mmol/kg/day mmol/day
Sodium 1.0-1.5 60-150
Potassium 1.0-15 40-100
Chlorine 1.0-15
Phosphate 0.3-0.5 10-30
Magnesium 0.1-0.15 4-12
Calcium 0.1-0.15 2.5-10

*Should be adjusted according to the underlying disease, oral intake, drugs, etc.

There are no randomized studies that endorse the dose of
electrolytes to be administered. Although the recommendations
are based on clinical experience (Table IV) the needs must be
individualized as they are influenced by several factors such as the
length and segment of the remnant bowel, fecal losses, diuresis,
renal or hepatic insufficiency, and concomitant drugs that can
alter plasma electrolyte levels. Regular electrolyte controls must
be done in order to adjust their administration.

According to an ASPEN review in 2012, the daily intravenous
dose of fat-soluble vitamins is approximately the same as the
Dietary Reference Intakes for Oral Requirements. Although these
are the recommended standard doses, there may be specific defi-
ciencies depending on the underlying disease (Table V).

Trace element requirements in patients with prolonged HPN
are difficult to establish. The recommendations for trace ele-
ments proposed by the ESPEN, and the composition of the
presentations available in our country (Spain), are shown in
table VI. It must also be taken into account that the various
components of PN contain trace elements as contaminants,
which in some cases is not a negligible contribution. In general,
zinc and selenium should be administered systematically, as
some studies have shown their deficiency even with supple-
mentation (45,46). In cases of abundant intestinal losses, the
recommendation is an extra dose of zinc of 12-17 mg per liter
of intestinal fluid loss. Scientific societies recommend reducing
the standard intake of manganese, copper, and chromium to 55
mcg/day, 0.3-0.5 mg/day, and 0.14-0.87 mcg/day, respectively,
since it has been shown that the trace element vials available
provide doses much higher than the standard requirements
(32,47). Substantially elevated serum manganese levels have
been found in patients with long-term HPN, especially in those
who develop hepatic cholestasis (46,48). Copper and man-

Table V. Daily vitamin requirements via parenteral route (49)

Dose Natrovit® Viant® Soluvit® Vitalipid®
Cernevit®
Vit. Fat soluble
Vit A 900-3300 IU 3500 IU 3300 U 3300 U
Vit D 200U 220U 200U 200U
VitE 10 mg 10.2 mg 9.11 mg 9.1 mg
VitK 150 meg 150 mcg 150 meg
Vit. Water soluble
Vit B1 (thiamine) 6 mg 3.51 mg 6 mg 2.5mg
Vit B2 (riboflavin) 3.6 mg 414 mg 3.6 mg 3.6 mg
Vit B3 (niacin) 40 mg 46 mg 40 mg 40 mg
Vit B5 (pantothenic ac.) 15mg 17.25 mg 15mg 15mg
Vit B6 (pyridoxine) 6 mg 4.53 mg 6 mg 4 mg
Vit B12 (cyanocobalamin) 5 mcg 6 mcg 5 mcg 5 mcg
Vit C (ascorbic ac.) 200 mg 125 mg 200 mg 100 mg
Folate 600 mcg 414 mcg 600 mcg 400 mcg
Biotin 60 mcg 69 mcg 60 mcg 60 mcg
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Table VI. Daily trace element requirements via parenteral route (4,49)
Dose Oligoplus® Supliven® Addamel®
Copper 0.3-0.5 mg 0.76 mg 0.38 mg 1.27 mg
Chrome 10-15 mcg 10 meg 10 mcg 10 mcg
lodine 70-150 mcg 127 meg 130 mcg 130 mcg
Iron 1mg 2 mg 1.1mg 1.1mg
Manganese 0.06-0.1 mg 0.55mg 0.05 mg 0.28 mg
Selenium 60-100 mcg 24 mcg 79 mcg 31.6 mcg
Zinc 2.5-4mg 3.3mg 5mg 6.5 mg

ganese supplementation should be lower even in the case of
liver dysfunction or cholestasis, and this sometimes makes it
necessary to suspend the trace element vial, which adds to
the risk of developing deficits of the other trace elements.
Therefore, the ASPEN suggests there is a need for manganese-
free trace element presentations. An intake of 1 mg/day of iron is
recommended, with an extra 0.5 mg/day in the case of women
of menstrual age, although iron may present stability problems
with the other components of the mixture (4,49).

TEDUGLUTIDE

What is the role of the GLP2 analogue
teduglutide in the treatment of SBS?

GARIN proposal:

We suggest initiating treatment with teduglutide in chronic SBS
patients who require ongoing HPN/fluid therapy despite optimized
treatment, and who have an acceptable nutritional status and
fluid-electrolyte balance, and meet the following requirements:
non-obstructive and non-malignant underlying disease; clinical
stability after the intestinal adaptation period following intestinal
resection (estimated at 12 months after extensive intestinal resec-
tion or 6 months after minor reoperation on a long-standing SBS)
(consensus level: 81.82 %) (moderate quality of evidence; benefits
compensate the risks).

We suggest performing colonoscopy in patients with colon prior
to starting treatment (consensus level: 96.36 %) (moderate quality
of evidence; benefits compensate the risks).

Teduglutide is an analogue of the native peptide GLP2 (synthe-
sized in L-cells of the terminal ileum and colon) but with a longer
half-life. Teduglutide helps the intestinal adaptation process by
means of various gastrointestinal effects, but the effects of treat-
ment revert after it is discontinued (50,51).

In the phase-Ill clinical trials teduglutide was superior to pla-
cebo in decreasing the weekly parenteral volume administered
by 20 % or more, and in reducing HPN support by at least one
day per week (in 70 % of patients treated at 2 years) (52-54). In
the initial statistical analysis, no predictive factors associated with

parenteral support independence were identified (55), but the post
hoc analysis of these studies (56-58) suggested the existence of
2 response profiles:

1. Enterostomy patients (SBS type I) with high baseline volume
requirements, inflammatory bowel disease and absence of
vascular disease are characterized by a rapid response to
treatment (under 3 months, generally), with a high probabi-
lity of reducing the parenteral volume administered, but with
a low probability of achieving independence from parenteral
support.

2. Patients with colon in continuity (SBS type Il and Il) with
low baseline volume requirements, with hyperphagia, and
absence of inflammatory bowel disease are characterized
by a slow response (over 6 months treatment, generally), but
are more likely to achieve complete oral autonomy.

Candidate patients for teduglutide treatment must have the

following characteristics: non-obstructive and non-malignant
underlying disease; clinical stability after the intestinal adaptation
period following intestinal resection (estimated at 12 months after
extensive intestinal resection or 6 months after minor reopera-
tion on a long-standing SBS), requiring ongoing HPN/fluid therapy
despite optimized treatment, and with an acceptable nutritional
status and fluid-electrolyte balance. Contraindications to its use
are hypersensitivity to the active ingredient or its excipients, pos-
sible malignancy or active malignancy, and a history of malig-
nancy in the gastrointestinal tract in the last 5 years. Therefore,
before starting treatment, a colonoscopy should be performed in
patients with colon, and if any polyps are identified these should
be removed. In the case of malignant polyps, the treatment is
contraindicated.

What do we need to consider in patients who
are candidates for teduglutide treatment?

GARIN proposal:

We suggest close monitoring of water balance, weight, physi-
cal examination, biochemical parameters, and intake changes
to adjust nutritional and volume requirements (consensus level:
90.91 %) (low quality of evidence; benefits compensate the risks).
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We suggest a colonoscopy every year for the first two years,
and then every 5 years (consensus level: 89.01 %) (low quality of
evidence; benefits compensate the risks).

We suggest a six-monthly check-up of biliary and pancreatic
parameters (consensus level: 92.73 %) (low quality of evidence;
benefits compensate the risks).

We suggest evaluating the effectiveness of the treatment on
a regular basis. In the absence of clinical improvement after
12 months, consider if treatment should be stopped (consensus lev-
el:90.91 %) (low quality of evidence; benefits compensate the risks).

Teduglutide should be used at a dose of 0.05 mg/kg/day,
reducing it to 50 % in patients with a glomerular filtration rate of
less than 50 mL/min. It does not require any dose adjustments in
case of moderate liver failure.

The most common side effects are those related to the stoma
(42 %), abdominal pain (38 %), upper respiratory infection (26 %),
nausea (25 %), abdominal distension (20 %), vomiting (12 %), and
volume overload (12 %) (59). As it is a gut trophic factor, there
is controversy about its oncogenic role. So far, no increased risk
of intestinal neoplasia has been observed in patients without a
history of cancer, but given the small number of patients treated,
and the limited length of follow-up (5 years), it is premature to
reach a definitive conclusion and one should be alert to this possi-
bility (60).

The fluid balance (including diuresis and losses through the
stoma or the feces), weight, physical examination (data on fluid
overload), biochemical parameters, and changes in intake should
be closely monitored. All these data together will be the basis
for reducing the volume and, if possible, the number of days of
administration of fluid therapy or HPN. It is advisable to monitor
potential complications: a) perform an annual colonoscopy during
the first 2 years, then every 5 years, and individualize according to
the findings; and b) perform a six-monthly evaluation of the biliary
and pancreatic parameters (bilirubin, alkaline phosphatase, lipase,
and amylase) and, depending on the result, consider performing
an imaging test.

It is necessary to evaluate treatment efficacy, with patients
being considered as responders when there is a reduction of at
least 20 % of the HPN/fluid therapy weekly volume. Factors that
characterize slow responders should be identified before deter-
mining an insufficient response. Even so, if overall improvement
is not achieved after 12 months, the need for continuing the treat-
ment must be reconsidered.

CONCLUSIONS

The GARIN group, after reviewing the available evidence,
recommends that the diagnosis of SBS be fundamentally based
on the clinical condition. Initial management during the acute
phase should focus mainly on sepsis control and fluid and elec-
trolyte replacement. Pharmacological treatment with antisecretory
drugs, antidiarrheal drugs, and somatostatin contributes to redu-
cing intestinal losses. Treatment with PPIs should be prescribed
in patients with SBS, especially when fecal production is greater
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than 2 liters/day in the first 6 months after surgical resection.
Loperamide should be added as a first-line antidiarrheal agent
to reduce the loss of water and electrolytes. Nutritional screening
and assessment should be repeated regularly in all patients during
the different phases of the disease. Patient requirements should
be adjusted in accordance with clinical and laboratory outcomes,
not forgetting the potential loss of nutrients through the stoma.
Nutritional support is based on parenteral nutrition; however, oral
intake and/or enteral nutrition (by tube or enteroclysis) should be
introduced as soon as possible. In the chronic phase, the diet
should involve as few restrictions as possible and, if the clini-
cal condition requires it, it should be adapted according to the
type of SBS. For HPN administration, the choice of access should
be individualized based on the patient’s characteristics and the
site’s experience, using single-lumen catheters, or using a lumen
exclusively for PN when using multiple-lumen catheters. Tauro-
lidine should be used as catheter lock in all cases. Lipid content
in HPN should be greater than 1 g/kg/week but not greater than
1 g/kg/day. The contribution of w6 fatty acids should be reduced
by using the newer lipid emulsions. Trace element vials with a
low manganese dose should be used. Patients with chronic SBS
who require long-term HPN/fluid therapy despite optimized treat-
ment, and who have an adequate nutritional status and fluid and
electrolyte balance, should be considered for teduglutide treat-
ment after colonoscopy. These recommendations and suggestions
regarding nutritional management in SBS patients have direct
clinical applicability. However, new studies are needed to increase
the quality of the evidence, and to provide concrete answers to
pending questions.
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Resumen

Objetivo: comunicar los datos de nutricion parenteral domiciliaria (NPD) obtenidos del registro del grupo NADYA-SENPE (www.nadya-senpe.
com) del afio 2019.

Material y métodos: andlisis descriptivo de los datos recogidos de pacientes adultos y pediétricos con NPD en el registro NADYA-SENPE desde
el 1 de enero al 31 de diciembre de 2019.

Resultados: se registraron 283 pacientes (51,9 %, mujeres), 31 nifios y 252 adultos procedentes de 47 hospitales espafioles, lo que representa
una tasa de prevalencia de 6,01 pacientes/millon de habitantes/afio 2019. El diagndstico mas frecuente en los adultos fue “oncoldgico paliativo”
y “otros” (21,0 %). En los nifios fue la enfermedad de Hirschsprung junto a la enterocolitis necrotizante, las alteraciones de la motilidad intestinal
y la pseudoobstruccion intestinal crénica, con 4 casos cada uno (12,9 %). El primer motivo de indicacion fue el sindrome del intestino corto tanto
en los nifos (51,6 %) como en los adultos (37,3 %). El tipo de catéter mas utilizado fue el tunelizado tanto en los nifios (75,9 %) como en los
adultos (40,8 %). Finalizaron 68 episodios, todos en adultos: la causa mas frecuente fue el fallecimiento (54,4 %). Pasaron a la via oral el 38,2 %.

Conclusiones: el nimero de centros y profesionales colaboradores con el registro NADYA va incrementandose. Se mantienen estables las
principales indicaciones y los motivos de finalizacion de la NPD.

Abstract

Aim: to communicate the home parenteral nutrition (HPN) data obtained from the HPN registry of the NADYA-SENPE group (www.nadya-senpe.
com) for the year 2019.

Material and methods: a descriptive analysis of the data collected from adult and pediatric patients with HPN in the NADYA-SENPE group
registry from January 1 to December 31, 2019.

Results: a total of 283 patients (51.9 % women), 31 children, and 252 adults from 47 Spanish hospitals were registered, which represents a
prevalence rate of 6.01 patients per million inhabitants for year 2019. The most frequent diagnosis in adults was “palliative oncological” and
“others” (21.0 %). In children, it was Hirschsprung’s disease together with necrotizing enterocolitis, alterations in intestinal motility, and chronic
intestinal pseudo-obstruction, with 4 cases each (12.9 %). The first reason for the indication was short-bowel syndrome in both children (51.6 %)
and adults (37.3 %). The most used type of catheter was tunnelled both in children (75.9 %) and in adults (40.8 %). Sixty-eight episodes ended,
all in adults, and the most frequent cause was death (54.4 %); 38.2 % were switched to oral.

Conclusions: the number of collaborating centers and professionals in the NADYA registry is increasing. The main indications and reasons for
HPN termination remain stable.
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INTRODUCCION

La nutricion parenteral domiciliaria (NPD) constituye una alter-
nativa terapéutica para los pacientes con fallo intestinal cuando
no es posible mantener su nutricion por via digestiva y su situa-
cion clinica es estable, no precisando cuidados hospitalarios y
pudiendo regresar a su entorno familiar y social. Consiste en la
administracion de nutrientes a través de accesos venosos de lar-
ga duracion. Esta terapia requiere tener en cuenta la calidad de
vida del paciente, el entorno familiar y la capacidad del paciente
y/0 sus cuidadores de formarse para llevar a cabo la NPD y pre-
venir el desarrollo de complicaciones asociadas, o bien contar con
el apoyo de la atencion domiciliaria (1).

Diferentes causas pueden provocar la situacion de fallo intes-
tinal cronico en la que el intestino no puede o no debe recibir los
nutrientes necesarios y se hace imprescindible la instauracion
de la NPD para mantener un adecuado estado de nutricion e
hidratacion y asegurar el crecimiento en los nifios. Entre ellas, la
pérdida de superficie de absorcion, las alteraciones de la motilidad
intestinal, la obstruccion intestinal y los sindromes malabsortivos
graves son los motivos méas frecuentes (2).

En general, las patologias mas habituales con indicacion de NPD
son benignas, pero en los Ultimos afios va creciendo el nimero
de indicaciones de la NPD en situaciones de tratamiento paliativo
por obstruccion intestinal secundaria a neoplasia de la cavidad
abdominal (1). La incidencia de la NPD como tratamiento paliativo
en adultos es muy variable en Europa (1), habiendo aumentado
progresivamente su representacion como indicacion de NPD en el
registro NADYA en la Ultima década (3-5). Este registro, creado por
el grupo de trabajo de Nutricion Artificial Domiciliaria y Ambulatoria
(NADYA) de la Sociedad Espafiola de Nutricion Clinica y Metabo-
lismo (SENPE), se inici6 en 1992 y tiene como objetivo mantener
el registro de los pacientes tratados con NPD, implicando a todos
los profesionales relacionados con la nutricion artificial domiciliaria
para conseguir un registro valido y fiable que proporcione toda la
informacion posible sobre esta modalidad terapéutica.

El objetivo de este trabajo es comunicar la prevalencia y las
caracteristicas de los pacientes con NPD obtenidos del Regis-
tro de Nutricion Parenteral Domiciliaria y Ambulatoria (Registro
NADYA-SENPE) durante el afio 2019.

MATERIAL Y METODOS

Se ha realizado un andlisis descriptivo de los datos recogidos
en el registro del grupo NADYA-SENPE (www.nadya-senpe.com).
Los criterios para este trabajo incluyeron los datos registrados de
pacientes con NPD desde el 1 de enero al 31 de diciembre de
2019, ambos incluidos.

Para el andlisis de los datos se considerd como poblacion pedia-
trica a los nifios desde la edad mas pequefia registrada hasta los
14 afos incluidos, considerandose como adultos el resto de las
edades. Se utilizaron técnicas descriptivas mediante el calculo de
las frecuencias absolutas y relativas (porcentajes) de las variables
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cualitativas y, en el caso de las cuantitativas, se emplearon medi-
das de tendencia central y de dispersion de los datos (desviacion
estandar, SD o intervalo intercuartilico, Q). Cuando los datos lo per-
mitieron, se realizaron contrastes de hipdtesis mediante las pruebas
del chi cuadrado, de la t de Student 0 ANOVA, dependiendo de las
caracteristicas de las variables, o los estadisticos no paramétricos
correspondientes cuando no cumplieron el criterio de normalidad
(Kolmogorov-Smirnov). Para el célculo de las prevalencias se tomd
como denominador el dato proporcionado por el Instituto Nacional
de Estadistica para el 1 de enero de 2019 (47.026.208 habitantes)
(6). El control de calidad de los datos se efectud a través de tablas
de doble entrada y busqueda activa de errores que, en caso de
encontrarse, se corrigieron mediante consulta con la fuente original
de los datos. Para el andlisis se utilizo el paquete estadistico Statis-
tical Package for the Social Sciences SPSS® 26.0.

RESULTADOS

Se registraron 283 pacientes (51,9 % de mujeres), 31 (11,0 %)
nifos y 252 (89,0 %) adultos, procedentes de 47 hospitales espa-
foles: en total, 286 episodios, lo que representa una tasa de pre-
valencia de 6,01 pacientes/millon de habitantes en el afio 2019.

NINOS

Se registraron 31 nifios, 21 de ellos varones (67,7 %), todos
con un solo episodio de NPD. La edad mediana fue de 6 meses
(IQ: 3-36), sin que hubiera diferencias significativas de edad
media entre 10s nifos y las nifias (24,76 vs. 28,30 meses;
p = 0,829) (Fig. 1). El diagnostico que con mayor frecuencia
motivd la NPD fue la enfermedad de Hirschsprung, junto con la
enterocolitis necrotizante, las alteraciones de la motilidad intes-
tinal y la pseudoobstruccion intestinal cronica, con 4 casos cada
una (12,9 %), sequido por la gastrosquisis y “otros”, con 3 ninos
(9,7 %), como se muestra en la figura 2. Las causas principa-
les de la indicacion fueron el sindrome del intestino corto en 16
(51,6 %) y la obstruccion intestinal en 8 nifios (25,8 %) (Fig. 3).

Los catéteres utilizados registrados fueron del tipo tuneliza-
do (75,9 %) y catéteres centrales de insercion periférica o PICC
(10,3 %), reservorios subcutaneos (6,9 %) y otros (6,9 %). Se
registro una sola complicacion séptica relacionada con el caté-
ter. Durante el afio no finalizd ninglin episodio. Se consideraron
candidatos a trasplante intestinal 20 de los nifos (64,5 %). La
formula que recibieron procedia de una empresa de catering en
18 casos (58,1 %) y el material fungible suministrado y necesario
para la administracion de la NPD lo obtenian desde la atencion
primaria en 20 de los casos (64,5 %) y del hospital en el resto.

ADULTOS

De los 252 pacientes mayores de 14 afios registrados, el
54,4 % eran mujeres (Fig. 1). La edad media fue de 52,50 afios
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Figura 2.
Perfil diagndstico de los pacientes con NPD durante el afio 2019.

(IQ: 41,25-62); el adulto de menor edad tenia 15 afios y el de
mayor edad, 85. No se encontraron diferencias por sexo con
respecto a la edad (50,18 vs. 52,23 afios; valor de p = 0,314).
El diagnostico registrado con mayor frecuencia fue el “onco-
l6gico paliativo”, con 53 casos (21,0 %). Si consideramos los
oncoldgicos (paliativos en tratamiento activo), son 73 pacien-
tes (28,9 %), sequidos por 53 en “otros” (21,0 %) (Fig. 2).
El motivo de indicacion fue el sindrome del intestino corto en
95 (37,3 %) de los casos y, en segundo lugar, la obstruccion
intestinal en 67 (26,6 %) (Fig. 3). Los catéteres mas utilizados
fueron los tunelizados (n = 86, 40,8 %) junto a los reservorios

subcutaneos y los PICC, utilizados en 59 pacientes (23,4 %)
cada uno. De las complicaciones registradas, la mas frecuente
fue la séptica relacionada con el catéter, que presenté una tasa
de 0,16 infecciones/1000 dias de NPD; hubo 35 no sépticas
relacionadas con el catéter y no se han registrado complica-
ciones metabdlicas como la enfermedad 6sea o la hepatopatia.
En 7 ocasiones se registrd la necesidad de cambio del catéter
asociada a una complicacion.

La actividad de los pacientes estaba limitada en 129 (51,8 %)
y eranormal en 103 (41,4 %). Mantenian una vida independiente
126 (49,4 %) y requerian ayuda total 20 (8,0 %) de los pacientes.

[Nutr Hosp 2021;38(6):1304-1309)



NUTRICION PARENTERAL DOMICILIARIA EN ESPARNA, 2019: INFORME DEL GRUPO DE NUTRICION ARTIFICIAL 1307

DOMICILIARIA'Y AMBULATORIA NADYA

% NINOS

&00

400

h ' - '

[ax]
Sindrome de
NLesring Cors

Dhstruccion mialabsoradn Do

nesrina

% ADULTOS

40,0 35,7
30,0
.0
20,0
150
10,0
00
- & o > -
o & & o 3
o o L gy
.3 & b
[ . i
P & w
ol )
s
s

Figura 3.
Motivo de indicacion de la NPD durante el afio 2019.

Durante el afo finalizaron 68 episodios de NPD. La causa
principal fue el fallecimiento en 37 pacientes (54,4 %) v, a con-
tinuacion, el ‘paso a la via oral’ en 26 (38,2 %). Se consideraron
candidatos al trasplante intestinal 41 (16,3 %) de los pacientes
adultos.

El principal suministrador de las bolsas de nutricion parenteral
fue el hospital de referencia en 193 casos (76,6 %), seguido de
una empresa de catering en 44 (17,5 %). También el material
fungible necesario para su administracion procedia con mayor
frecuencia del hospital: 185 casos (74,3 %).

DISCUSION

El Grupo NADYA-SENPE, desde su inicio en el afio 1992, regis-
tra los datos de los pacientes tratados con NPD en Espania. El
nimero de pacientes se mantiene con pocas variaciones en los
Ultimos afios, pero el nimero de hospitales que colaboran en
aportar datos al registro se va incrementando, lo cual es un dato
muy valioso dada la voluntariedad de la aportacion de datos al
registro, siendo un buen indicador del desarrollo de esta técnica
nutricional en nuestro pais (3-5).

En la poblacion pedidtrica se ha registrado un mayor niimero de
casos que en el afio anterior, con una distribucion similar de los
diagnosticos que motivan la indicacion de NPD, manteniéndose
en primer lugar la enfermedad de Hirschprung y la enterocolitis
necrotizante. También se mantienen como principales causas de
indicacion de NPD el sindrome del intestino corto y la obstruccion
intestinal.

[Nutr Hosp 2021;38(6):1304-1309]

En la poblacion adulta, el nimero de casos registrados se man-
tiene estable con respecto al afio anterior, al mismo tiempo que
la patologia oncoldgica paliativa sigue siendo el principal diag-
nostico que motiva la indicacion de NPD seguida de “otros”, lo
que indica una miscelanea de diagndsticos que pueden llevar a
la situacion de fallo intestinal crénico y necesidad de NPD (1,2).
La indicacion de la NPD para pacientes oncoldgicos en Europa,
tratada globalmente, puede representar un 39 % de los casos,
pero existe una amplia variabilidad entre paises: desde Dinamar-
ca, donde representa un 8 %, hasta Italia, donde supone un 61 %
de diagndsticos de NPD (1,9). En Espafia se sittia en un 20-30 %
de los casos, pero ha ido incrementandose este diagndstico en el
registro a lo largo de los afios (3-5). No existe un claro consenso
en la literatura médica sobre el beneficio de esta terapia para
prolongar la supervivencia y en la calidad de vida. Por una parte,
las guias de NPD contemplan su uso en los pacientes oncoldgi-
€0s en que no es posible la utilizacion de la via digestiva y que
tengan una expectativa de supervivencia de uno a tres meses (1).
Afavor de ella hay datos que muestran un beneficio sobre la cali-
dad de vida a 3 meses (7,8); por el contrario, es destacable una
reciente revision Cochrane que manifiesta una gran incertidumbre
sobre el beneficio en términos de supervivencia y calidad de vida
en este tipo de pacientes (9). Tal y como comentan los autores
de las guias europeas de NPD, hay que tener en cuenta que la
estricta metodologia de estas revisiones puede ser dificilmente
aplicable para evaluar este tipo de tratamiento (1).

La mayor implantacion de la NPD en los pacientes oncoldgicos
también puede evidenciar un mayor desarrollo de los equipos de
hospitalizacion a domicilio, lo que facilita el traslado de los cui-
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dados hospitalarios al domicilio cuando no son necesarios los
recursos de la hospitalizacion convencional (10).

Los catéteres mas utilizados tanto en la poblacion adulta como
en la pediatrica siguen siendo el catéter tunelizado, que constituye
la primera opcidn, seguido del catéter central de insercion perifé-
rica, tanto en nifios como en adultos, y en estos también el caté-
ter implantado en un porcentaje similar. El aumento del uso del
catéter PICC también se ha observado en otros registros, como
el registro canadiense (11), y este incremento puede deberse al
mayor nimero de pacientes oncoldgicos que reciben NPD, ya sea
para recibir algun tipo de tratamiento o porque la prevision de una
menor duracion facilite su uso para instaurar la NPD.

En este periodo la tasa de complicaciones sépticas ha sido
inferior a la del afo anterior, requiriendo solo el recambio del
catéter 7 casos por complicaciones sépticas y no sépticas, lo cual
podria indicar que se ha realizado un tratamiento conservador con
éxito y no ha sido preciso cambiar de catéter. No se han registrado
complicaciones metabolicas, lo que podria deberse a falta de
comunicacion de estos eventos.

El hospital de referencia contintia siendo el principal suministra-
dor de la NPD en los adultos, manteniendo su presencia las empre-

C. Wanden-Berghe et al.

sas de catering, que tienen una importante representacion en la
poblacion pediatrica. El sistema de suministro a través del catering
representa una cierta descarga para los profesionales del hospital
en la logistica de los programas de nutricion parenteral domiciliaria.

La principal limitacion de nuestro registro es la voluntariedad,
lo que hace que dependa de la implicacion de unos profesionales
muchas veces limitados de tiempo por la sobrecarga asistencial
de los centros hospitalarios y la elevada demanda de atencion
clinica de este tipo de pacientes. También puede haber una limi-
tacion en el registro de las complicaciones, sobre todo las de tipo
metabolico, y esperamos que con la implementacion del nuevo
registro se puedan obtener mas datos de la evolucion clinica y
del estado de los pacientes.

A pesar de que el nimero de pacientes con NPD no es muy
elevado con respecto a otras técnicas terapéuticas, este ha ido
incrementandose a lo largo de los afios. Por este motivo, desde
el Grupo NADYA se considera necesario y se solicita el desarrollo
de un marco legislativo con una normativa especifica sobre NPD,
que redundaria en un beneficio claro para los profesionales, para
los pacientes con NPD y para la Administracion.
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BEYOND SAMPLE SIZE ESTIMATION IN
CLINICAL UNIVARIATE ANALYSIS. AN ONLINE
CALCULATOR FOR STRUCTURAL EQUATION
MODELING AND NETWORK ANALYSIS ON
LATENT AND OBSERVABLE VARIABLES

Dear Editor,

A recent study in the present journal presented some metho-
dological recommendations for sample size in research involving
confirmatory factor analysis (1); these latent variable models
(not directly measurable) are in line with the structural equation
method (SEM) used beyond instrument validation to address more
complex research questions and to test models with multiple
latent and observable variables in a single investigation (2).

A meta-analysis of 74 articles found that about 80 % of inves-
tigations are based on insufficient sample sizes (3). Therefore, it is
essential to present a method for estimating sample size in SEM
models by analyzing statistical power, effect size, probability level,
number of latent variables, and observed variables to evaluate
multiple clinical hypotheses (4).

We considered the minimum statistical power criterion value
of 0.80 or greater magnitude with a probability level a (0.05)
applied to any research design employing a probability or nonpro-
bability sampling technique in SEM study data collection (2). The
sample calculation was performed using an online calculator (4),
where a minimum sample size accessible to any health sciences
professional or researcher can be obtained. As an example, the
study by Truijillo-Hernandez et al. (5) presented a structural model
for a measure of self-efficacy of eating behavior in 467 Mexican
adolescents, which has 16 observable variables and four latent
variables; with an anticipated effect size of 0.30 (recommended
for instrumental SEM research), a desired probability of 0.05 and
a statistical power level of 0.95, the minimum recommended size
is 207 participants. Such finding indicates that the previous study
included a suitable sample according to the complexity of the SEM
model. This favors the selection of the best SEM model consi-
dering the a priori sample power analysis that provides greater
confidence in the clinical conclusions as a first step to take into
account in the identification of the most acceptable structure of
the models evaluated, given the estimation of the evidence of the
reported parameters (6).

Soper’s online calculator (4) also allows determining the minimum
sample in multiple regression models and Student’s t-statistics. It is
also useful for network analyses because of statistical similarity to

SEM models (7), with an anticipated effect size adjustment of 0.10
as minimum value of moderate magnitude in partial correlation
networks (partial r > 0.10) that are identified as one-dimensional
models where all variables in the network are associated.

The Bayes factor (BF) makes it possible to specify a minimum
sample with conclusive evidence (BF > 10) of the significant effect
beyond the significance values and the various statistical analyses
by converting the effect magnitudes (8-10). The minimum effect
of interest or the clinically important effect according to previous
quantitative systematic studies can also be set as a cut-off point,
which is favorable for clinical decision making according to the
estimation of the weight of evidence of clinical results (10).
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