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Abstract: Children with severe impairment of the central nervous system (CNS) experience
gastrointestinal (GI) symptoms at a high rate and severity, including retching, vomiting, GI tract
pain, and feeding intolerance. Commonly recognized sources of symptoms include constipation
and gastroesophageal reflux disease. There is growing awareness of sources due to the impaired
nervous system, including visceral hyperalgesia due to sensitization of sensory neurons in the enteric
nervous system and central neuropathic pain due to alterations in the thalamus. Challenging the
management of these symptoms is the lack of tests to confirm alterations in the nervous system
as a cause of symptom generation, requiring empirical trials directed at such sources. It is also
common to have multiple reasons for the observed symptoms, further challenging management.
Recurrent emesis and GI tract pain can often be improved, though in some not completely eliminated.
In some, this can progress to intractable feeding intolerance. This comprehensive review provides
an evidence-based approach to care, a framework for recurrent symptoms, and language strategies
when symptoms remain intractable to available interventions. This summary is intended to balance
optimal management with a sensitive palliative care approach to persistent GI symptoms in children
with severe impairment of the CNS.

Keywords: pediatric; neurological impairment; feeding intolerance; retching; visceral hyperalgesia; central
neuropathic pain; autonomic dysfunction; disability; pediatric palliative care; symptom management

1. Introduction

Retching, vomiting, and gastrointestinal (GI) pain are frequent and significant problems
experienced by children with severe impairment of the central nervous system (CNS), often referred to
as children with severe neurological impairment (SNI) [1-9]. The GI tract is one of the most frequent
sources of pain in children with SNI despite treatment of common sources such as gastroesophageal
reflux disease (GERD) and constipation [2-6,10]. Pain attributed to the GI tract is noted to have a high
pain intensity of 7.5 (from a 0-10 scale), second only to pain of unknown cause, with significantly higher
rates of pain in children already receiving treatment for GERD or impaired GI tract motility [2,5,10].
Many continue to have recurrent symptoms despite evaluation and treatment directed at such
problems, and such children may experience repeated testing in search of a cause.

These problems can result in feeding intolerance that for some can become a recurrent and
persistent problem despite management of commonly recognized sources. This was identified as
one of the most common problems in children with progressive genetic, metabolic, or neurologic
conditions with no cure, with pain, sleep, and feeding difficulties identified by parents as the three
most common problems, with symptoms often not well controlled [11].
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This article will focus on GI symptoms that are recurrent and persistent in children with SNIL
The goal of this article is to provide evidence-based suggestions to guide empirical treatment trials.
This includes a review of how the altered CNS can contribute to such symptoms and interventions to
modify how these symptoms are generated.

2. A Framework

Children with SNI and recurrent retching, emesis, and feeding intolerance often have multiple
sources that contribute to these symptoms. As a starting framework, some are common management
issues such as constipation and minimizing excessive calories, some are due to the altered CNS, and
some are acute problems that can worsen the chronic symptoms. Further considerations include:

e  Problems with tests that are “fixable”: urinary tract infection (UTI), acute pancreatitis, cholecystitis,
nephrolithiasis, volvulus, helicobacter pylori.

e  Problems with tests that can be modified and empirically managed: GERD, dysmotility.

e  Problems without tests due to the altered nervous system that can be modified, require empirical
trials, and can remain intractable: autonomic dysfunction, altered enteric nervous system, visceral
hyperalgesia, central neuropathic pain, altered vomiting center in the medulla.

e  Problems due to a wide range of needs in the same group of children: calorie and fluid estimates.

3. Testable Causes

Causes of acute emesis and abdominal pain typically have a diagnostic test to then guide treatment.
Causes to consider include acute gastroenteritis, urinary tract infection, acute pancreatitis, nephrolithiasis,
cholecystitis, volvulus, superior mesenteric artery syndrome, or adhesions. When symptoms persist,
causes due to the altered nervous system (Table 1) are important to consider in a child with negative
tests and insufficient benefit from treatment for such problems as GERD.

4. Causes Due to the Altered Nervous System

4.1. Visceral Hyperalgesia and Central Neuropathic Pain

Visceral hyperalgesia is an altered threshold to pain generation in response to a stimulus in the GI
tract [12]. As a result, a normal stimulus, such as distention and pressure within the GI tract, can result
in pain. Alternatively, tissue inflammation or injury, such as from GERD or surgery to the GI tract,
may result in sensitization of visceral afferent pathways, with resulting visceral hyperalgesia.

Central neuropathic pain can develop when injury or disease of the CNS involves the thalamus
or spinothalamic tract [13-15]. Symptoms due to this cause of pain include visceral pain associated
with distention of the GI tract and bladder, described by one adult as feeling “like my bowels will
explode” [16].

Both are reviewed together given the inability to know when GI tract pain is due to sensitization
of sensory neurons in the enteric nervous system or a result of altered descending inhibitory control.
Both can be suggested by (1) pain, retching and vomiting associated with gastrostomy tube (G-tube)
feedings as a result of decreased gastric volume threshold to symptom generation; (2) pain associated
with intestinal gas and jejunostomy tube (J-tube) feedings, suggesting pain with intestinal distention;
(3) pain associated with flatus and bowel movements suggesting pain associated with colonic
distention; and (4) persistent symptoms despite treatment of an identified problem such as GERD.
The inability to tolerate a reasonable feeding rate may indirectly indicate a decreased threshold to
symptom generation from GI tract distention.
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Table 1. Chronic sources of retching, emesis, and visceral pain.

Cause Management Options Comments
Polyethylene glycol
o Lactulose Colonic distention from constipation can trigger pain symptoms due to visceral hyperalgesia
Constipation . . S
Milk of Magnesia and central neuropathic pain
Senna
H-2 blockers and PPIs
GERD Protective barrier: sucralfate Motility disorders can be a result of impaired input from the CNS to the enteric nervous system

motility disorders

Promotility drugs: erythromycin,
metoclopramide
Jejunostomy feeding tube

Suggested by bloating, distension, retching, vomiting, discomfort
Other problems can contribute, including constipation and pain

Vomiting reflex

Medications that block the 5HT-2, 5HT-3,
H-1, Ach, and D-2 receptors
Cyproheptadine (5HT-2, H-1, Ach)

Suggested by retching, forceful vomiting, and associated symptoms of sweating, pale skin, and
appearing distressed

Ondansetron (5SHT-3)
Visceral hyperalgesia, Slibzl%z?;n Suggested by pain, retching, and emesis associated with feedings, intestinal gas, flatus, and
central neuropathic pain °ga . bowel movements

Tricyclic antidepressants

Gabapentin . . . . . T .
Autonomic dysfunction Pregabalin Su.ggested. by pain and emesis associated with tachycardia, hyperthermia, diaphoresis, and

Clonidine skin flushing

Pseudo-obstruction

Conservative management
Erythromycin
Neostigmine or pyridostigmine

Suggested by recurrent episodes of abdominal distension, pain, emesis, and severe
constipation, in the absence of mechanical obstruction

Ach: acetylcholine; CNS: central nervous system; D: dopamine; H: histamine; 5HT: serotonin; GERD: gastroesophageal reflux disease; PPI: proton pump inhibitor.
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Two considerations to management are: interventions that lessen GI tract distention and
medications that lessen symptom generation. The former includes alterations in feeding volume
rate, a review of calorie estimates, and G-tube venting, as examples. The later can include medication
trials directed at visceral hyperalgesia and central neuropathic pain (Table 1).

Medication options for both include gabapentin and tricyclic antidepressants (TCAs) [13-19].
In addition, use of gabapentin for persistent pain in children with SNI resulted in a significant reduction
of associated GI symptoms, including decreased emesis and retching, improved feeding tolerance,
weight gain, and change from J-tube to G-tube feedings [17,20,21]. Clonidine also has suggested benefit
in reducing pain perception during gastric and colonic distension [22].

4.2. Autonomic Dysfunction

Autonomic dysfunction, also called dysautonomia, paroxysmal sympathetic hyperactivity,
autonomic storming, or sympathetic storming, can be due to alterations in the hypothalamus in
children with SNI. Symptoms include tachycardia, hyperthermia, flushing of skin, abdominal pain,
vomiting, bowel dysmotility, constipation, urinary retention, excessive sweating, increased salivation,
posturing, and agitation [23-25].

Literature is limited to case reports, predominantly in patients with hypoxic and traumatic
brain injury, with mixed results for interventions reported including benzodiazepines, bromocriptine,
clonidine, oral and intrathecal baclofen (ITB), beta antagonists, and morphine sulfate [26-29].
More recently reported interventions include gabapentin and pregabalin [25,30]. In addition to
scheduled gabapentinoid or clonidine, children with intermittent “autonomic storms” may benefit
from as needed clonidine, benzodiazepine, or morphine sulfate during these episodes.

4.3. Emetic Reflex and Vomiting Center

The emetic reflex is the mechanism by which the CNS protects the body from potentially toxic
substances. This complex reflex involves input to the vomiting center (VC), the final pathway.
Receptors in the VC include histamine (H-1), acetylcholine (Ach), and serotonin (SHT-2) [31].
Alterations in the GI tract can stimulate the VC, predominantly mediated through the vagus and
sympathetic nerves. The receptors involved include various serotonin (5HT) receptors in the GI tract
including 5HT-4 prokinetic receptors and dopamine (D-2) receptors in the gastric wall. Substance P
has also been identified in the GI tract, a neurotransmitter that induces vomiting through stimulation
of the neurokinin (NK-1) receptors located in the chemoreceptor trigger zone.

Stimulation of these receptors can involve either distention or inflammation in the GI tract.
Distention is detected by mechanoreceptors and inflammation by chemoreceptors. The goal is to treat
sources when possible and block triggered receptors when the source cannot be fully eliminated. As an
example, altered motility can result in recurrent distention of the intestines and colon. Treatment to
modify motility is intended to minimize development of symptoms, with medications that target
involved receptors then lessening symptom generation.

Medications that block these receptors include cyproheptadine and ondansetron (Table 2).
Some medications, such as cyproheptadine, block more than one receptor involved with triggering the
emetic reflex. Cyproheptadine has been identified to improve feeding tolerance, decrease emesis, and
decrease retching including after fundoplication [32,33].
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Table 2. Interventions for chronic retching, vomiting, and visceral pain.

Intervention

Comments

Treat constipation

Minimizes colonic distension and further slowing of motility

Assess for over-feeding

Children at highest risk: intermittent hypothermia, minimal movement of extremities,
decreased movement following symptom reduction, gradual health decline
Initiate 30% reduction and monitor for 2—4 weeks

Review bolus volume
and feed rate

Suggested guidelines: bolus < 15 mL/kg per bolus, continuous rate < 8 mL/kg/h [34]

Review osmolarity
of feeds

Minimize use of elemental formulas or dilute, use additives to add calories without
adding osmotic load (microlipid)

Gastric acid reduction
and protective barrier:
H-2 blockers, PPIs,
sucralfate, antacids

Consider 8-12 weeks treatment course: chronic use of PPIs associated with
Clostridium difficile, small bowel bacterial overgrowth, pneumonia, bone fracture,
and hypomagnesemia

Anticipate gastric acid rebound when a PPI is stopped; consider managing with
short-term use of antacids or H-2 blocker

Gabapentin, pregabalin

Treatment of visceral hyperalgesia and dysautonomia

Tricyclic antidepressant

Treatment of visceral hyperalgesia and central neuropathic pain

Clonidine Treatment of symptoms due to dysautonomia
Cyproheptadine Blocks receptors that trigger the VC (SHT-2, H-1, and Ach)
Ondansetron Blocks receptors that trigger the emetic reflex (5HT-3)
Erythromycin May improve gastrlc emptying and intestinal motility
- No clear benefit of one over the other
Metoclopramide

Limit use of metoclopramide due to risk of dystonic reaction and lower seizure threshold

G-tube venting and
equipment that allows
venting during feedings

Minimizes gastric distension and associated discomfort

Gastrojejunal tube

Lessens gastric distension
G-tube venting possible while feeding through the J-tube

(GJ-tube) GI pain may not improve with J-tube feedings
Soy, partially i itivi
hydrolyzed, or Management of protein hypersensitivity

elemental formula

Higher omolarity with elemental formula

Select antibiotics

For Helicobacter pylori identified by stool antigen or endoscopy, or empirical trial for small
bowel bacterial overgrowth

Anti-reflux
surgery (fundoplication)

Consider empirical medication trials for problems outlined above before elective surgery
Some children will develop retching, bloating, and pain following fundoplication

G-tube: gastrostomy tube; GJ-tube: gastrojejunal tube; TCA: tricyclic antidepressant; VC: vomiting center.

5. Over-Feeding

Over-feeding was identified as the third most common contributor to feeding intolerance,
behind formula osmolarity and feeding rate [34]. Children with SNI have significantly lower energy
expenditure as assessed by indirect calorimetry [35,36]. Calorie estimates using guidelines for children
with cerebral palsy (CP) can over-estimate energy requirements in children with SNI by 30-40% [36-39].
Factors that contribute to this over-estimation include that children with SNI often have decreased
muscle mass, which can account for 20-30% of resting energy expenditure [35]. Other factors that
also decrease energy expenditure by approximately 25% include limited movement of extremities and
hypothermia [36,40].

Guidelines for energy requirements have been established for children with CP. Using length,
energy requirements are typically 12-15 kcal/cm for those who are ambulatory and 10-11 kcal/cm
for those who are non-ambulatory, with some needing only 6-9 kcal/cm or less as a result of those
factors that further lower energy expenditure [38,39]. Energy expenditure can also be determined
by estimating the physical activity coefficient factor to use with the resting energy expenditure (REE,
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in kcal/day). Many children with SNI require a factor of 0.8 (kcal/day = REE x 0.8), with some as low
as 0.5-0.6 [38]. This is in contrast to a factor of 1.5 to 1.6 for a typically developing, healthy child and a
factor of 1.1 for a child who is non-ambulatory due to CP.

The goal in children with feeding tubes who remain life-long dependent on others to estimate
calorie intake is to avoid excessive weight gain and to minimize associated symptoms of over-feeding,
including retching, emesis, and GI tract pain. Children at highest risk for over-estimating intake
include children with:

e Limited movement of extremities at baseline.

e A decrease in movement following improvement in symptoms (increase in baseline tone and
movement are common features associated with pain) [20].

e Hypothermia due to impaired central regulation of body temperature.

e  Gradual decline in activity when there is a decline in function and health over months to years.

Fluid needs can also be overestimated in children with a low metabolic rate, given that energy
expenditure accounts for a portion of fluid needs. Of note, fluid requirement calculations based on
weight were developed in ambulatory individuals with higher metabolic rates. This recognition allows
a feed reduction trial without a need to maintain the same total fluid volume, when the goal of the
trial is to determine if this will reduce emesis and GI tract pain.

A discussion regarding a reduction in calories is best approached gently, given the symbolic
nature of feeding and nutrition. Language that may benefit families is an acknowledgment that it can
seem counter intuitive to suggest a reduction in feeds as potentially beneficial for a child. Taking time
to reflect on information can lessen associated fear and allow concerns to be adequately explored.

Some children will benefit from a feeding reduction trial when emesis, retching, or pain localized
to the GI tract persists, following a comprehensive assessment for testable/treatable sources and
management of common problems such as GERD and constipation. A 30% reduction of feeds is
suggested to ensure an adequate trial while monitoring for benefit. A dietician can determine the need
for micronutrient and protein supplementation when feeds are decreased. Along with monitoring
weight, parents can monitor for changes in how clothing is fitting. This author has observed children
with minimal to no change in weight when symptoms are improved following a reduction in feeds.
This may reflect improved retention of intake due to decreased emesis and decreased metabolic
expenditure due to a decrease in tone and movement when pain is reduced [20,38].

6. Empirical Trials

Many of the interventions listed in Table 2 require an empirical trial, including medications
directed at causes due to the altered nervous system given the lack of diagnostic tests. Information
regarding empirical trials directed at these problems, including dosing guidelines, is reviewed in detail
in this clinical report from the American Academy of Pediatrics [16].

6.1. Medication Trials

Recurrent emesis and GI tract pain can often be improved, though in some not completely
eliminated. The optimal plan can involve significant time and effort in those with recurrent symptoms
and is best guided by broader considerations [16]. Information to consider when starting an empirical
medication trial includes (1) response to previous medications; (2) interaction with other drugs;
(3) initial dose; (4) the need for titration to minimize adverse effects; (5) the minimal initial dose; and
(6) adverse effects [16]. Monitoring will determine whether there is adequate benefit and, if not, if a
second medication will be added while continuing the first medication. As an example, the use of
two or more medications with different mechanisms of action may reduce symptoms generated by
neuropathic pain and reduce adverse effects if synergistic benefit allows for dose reduction [16].
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6.2. Home Care Plans

Medications can modify symptoms generated by the altered nervous system, though breakthrough
symptoms can occur due to the inability to eliminate the cause. Parents can be empowered with care
plans to utilize for breakthrough symptoms. Interventions can be tried and then the care plan modified
as information is gained. As an example, some children will benefit from use of an as needed
suppository when retching or GI tract pain recurs, with such a trial determining if this is helpful
for a specific child. Such an intervention can lessen colonic distention if the intervention results in
a bowel movement, given the inability to know if there was incomplete evacuation with the last
bowel movement.

Information to consider and document in a care plan includes:

e Presenting symptoms (vomiting, retching, pain).

e Initial routine interventions (vent G-tube).

e Interventions for triggers due to GI tract distention (use as-needed suppository, use enema if no
results within 1-h of suppository, hold feeds for 2 h, hold feeds and give electrolyte replacement
overnight, reduce total feeds/fluids).

e  Use of as-needed medications (options include as needed antacid, ondansetron, clonidine, or
benzodiazepine).

e  When to call (call the clinic during the day or the on-call clinician after hours if symptoms persist
despite use of the interventions outlined).

As an example, this was a beneficial strategy for an 18-year-old with SNI, thought to be due to
birth anoxia, with recurrent episodes of abdominal distention and pain. Through trial and error, the
following care plan was developed. This allowed care during events to remain at home and lessened
repeat testing.

Initiate care plan for the following symptoms: persistent abdominal distention with discomfort
or vomiting.

e  Vent G-tube, hold use x 2 h.

e Ifnostool that day, give fleet enema.

e Give pedialyte at 40 mL/h x 4 h, then 70 mL/h x 24-36 h.
e  Give acetaminophen every 4-6 h x 3—4 doses.

e  Use morphine as needed, as often as every 4 h.

e Update team.

7. Acute on Chronic Symptom Events

If the frequency or severity of events increases, there is a balance between two considerations:
assessment for a new acute source while considering a modification to a medication dose or an additional
empirical medication trial directed at the sources due to the altered nervous system. Past experience,
along with parental preference, will guide this balance. In a child with repeated negative tests, there
may be a shared decision to focus on modifying the chronic care plan, given the decreased likelihood of
the same tests identifying a new problem. A supportive and flexible approach can guide decisions in
the child with recurrent symptoms. Language at such times might include the following:

e  “Most recent tests have been negative, and I have the option of increasing the dose of his
gabapentin or clonidine (I have the option to add a medication that targets the same symptoms in
a different way). It might make sense to adjust medications while considering tests. You know
your son best and I want you to feel comfortable with the plan. What makes best sense to you at
this time?”

e “limagine this is hard as I talk about sources that can be improved but not fixed”.
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e  “Itmust be hard as I talk about his nervous system being a reason for these symptoms when I don't
have a test to tell you with certainty. What are your thoughts as we discuss this information?”

8. Intractable Feeding Intolerance and Features at End of Life

Persistent feeding intolerance following various interventions is an intensely stressful experience
for families of children with SNI. The assessment and management often reflect months of repeated
studies and various interventions. Though intractable feeding intolerance is not common, the inherent
challenges deserve consideration.

It can be beneficial, as further interventions outlined in Table 2 are considered, to simultaneously
be mindful that this may be part of an irreversible decline. Language at such times can include, “I hope
for as much benefit from this next trial, although I also want you to be prepared that we might not
have the hoped-for benefit. What is important to you as we consider these possibilities?” [41].

This can be challenging, as children with SNI often experience decline over a long period,
increasing the likelihood of testing and intervention trials of an irreversible problem. Alterations in GI
tract function that is under the control of the CNS [42,43] may be a result of ongoing neuronal apoptosis.
Changes in the CNS may account for why some children with SNI develop feeding intolerance that is
not amenable to medical interventions [44]. Other features that can suggest changes in CNS function
include altered alertness (pathways involved with arousal), altered regulation of body temperature
and heart rate (autonomic function), frequency of seizures, level of comfort (thalamus), and altered
vasomotor tone resulting in peripheral edema (hypothalamus and medulla), along with the regulation
of Gl tract function (hypothalamus and medulla). The development of persistent peripheral edema
is the most likely to indicate irreversible changes, reported as a feature in the last weeks to months
of life in children with SNI, and as a terminal feature in adults with multiple sclerosis and CNS
tumors [45,46].

These considerations are important for parents to minimize over-testing at a time of diminishing
benefit. Palliative care teams can provide support and guidance throughout this process. Suggested
language includes: “These features can be due to changes in the brain. This means that the problems we
are seeing might not improve with available treatment. As we try the next intervention we discussed,
what is most important to you at this time?”, “I know that comfort is an important goal. I worry
that it has been difficult to meet this goal or that it will only be possible with increased sedation or a
decrease in total feeds. What are your thoughts?” [41]. Discussions may result in a shared decision to
redirect goals and change care plans, such as reconsidering the role of further testing, resuscitation,
and hospitalization.

The use of medical fluids and nutrition can be reviewed when there is persistent symptom
burden due to tube feedings that is not alleviated with available interventions. At such times the
use of a feeding tube can be viewed as a life-sustaining technology that may be prolonging suffering.
This allows one to consider the amount of benefit and harm when technology is becoming more
burdensome, even when that technology is “routine” to use. This is also a time to celebrate the years
of benefit that were provided by the feeding tube as development of harm from this intervention
is considered.

The process of considering peripheral nutrition as an alternative means of providing medical
nutrition and hydration in children with SNI can be considered in the context of how a child is doing
overall. Peripheral nutrition has greater likelihood of harm in the child with a variety of features that
might be due to alterations in the CNS. A family may view such technology as burdensome and as
prolonging suffering, when a child has experienced a decline in other areas of health and function. It is
also helpful to consider what goal is intended by the intervention. Examples of goals are to improve
comfort, to restore health, or to maintain life.

Discontinuing medical nutrition and hydration remains challenging and controversial, because
of the symbolic significance of nutrition, the myths about dehydration and “starvation,” and the
under-recognition of symptoms that can be due to medical nutrition and hydration. It is ethically
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permissible to discontinue medical nutrition and hydration that is contributing to suffering and
prolonging the dying process [47]. Parents interviewed about their decision to forgo artificial nutrition
and hydration (FANH) did not regret their decision [48]. This represented the paradoxical experience
of not wanting their child to die yet concluding that FANH was the best of all options available, even
viewed “as the only thing that made any sense”. The decision to FANH included that all children
were viewed to have a significant alteration in quality of life due to pain and suffering and a decline in
health that was not viewed as likely to improve. Family members also wrote about their experience
regarding the harm they perceived when medical nutrition and hydration was used for their child
with a neurodegenerative condition [49]. At such times, an approach of feeding to an amount that
allows comfort can be beneficial and allow time to reflect on information while ensuring the child’s
comfort. This topic is reviewed in greater detail elsewhere [47,48,50].

9. Conclusions

Vomiting, GI tract pain, and feeding intolerance are common problems in children with SNI.
Awareness of sources with tests, sources due to the altered nervous system and risk for over-estimating
calorie needs can then guide management strategies and lessen symptom burden in many. Some will
progress to intractable feeding intolerance, likely due to further alterations in the CNS. Using the
information in this review can improve comfort throughout life and lessen suffering at the end of life
for children with SNL

Conflicts of Interest: The author declares no conflict of interest.

References

1.  Stallard, P; Williams, L.; Velleman, R.; Lenton, S.; McGrath, PJ. Brief report: Behaviors identified by
caregivers to detect pain in noncommunicating children. J. Pediatr. Psychol. 2002, 27, 209-214. [CrossRef]
[PubMed]

2. Breau, L.M.; Camfield, C.S.; McGrath, PJ.; Finley, A. The incidence of pain in children with severe cognitive
impairments. Arch. Pediatr. Adolesc. Med. 2003, 157, 1219-1226. [CrossRef] [PubMed]

3. Carter, B.; McArthur, E.; Cunliffe, M. Dealing with uncertainty: Parental assessment of pain in their children
with profound special needs. J. Adv. Nurs. 2002, 38, 449-457. [CrossRef] [PubMed]

4. Hunt, A.; Mastroyannopoulou, K.; Goldman, A.; Seers, K. Not knowing—The problem of pain in children
with severe neurological impairment. Int. . Nurs. Stud. 2003, 40, 171-183. [CrossRef]

5. Houlihan, C.M.; O’Donnell, M.; Conaway, M.; Stevenson, R.D. Bodily pain and health-related quality of life
in children with cerebral palsy. Dev. Med. Child Neurol. 2004, 46, 305-310. [CrossRef] [PubMed]

6. Hunt, A,; Goldman, A ; Seers, K.; Crichton, N.; Mastroyannopoulou, K.; Moffat, V.; Oulton, K.; Brady, M.
Clinical validation of the paediatric pain profile. Dev. Med. Child Neurol. 2004, 46, 9-18. [CrossRef] [PubMed]

7. Sullivan, P.B. Gastrointestinal disorders in children with neurodevelopmental disabilities. Dev. Disabil.
Res. Rev. 2008, 14, 128-136. [CrossRef] [PubMed]

8. Stallard, P.; Williams, L.; Lenton, S.; Velleman, R. Pain in cognitively impaired, non-communicating children.
Arch. Dis. Child. 2001, 85, 460—462. [CrossRef] [PubMed]

9. Del Giudice, E.; Staiano, A.; Capano, G.; Romano, A.; Florimonte, L.; Miele, E.; Ciarla, C.; Campanozzi, A.;
Crisanti, A.F. Gastrointestinal manifestations in children with cerebral palsy. Brain Dev. 1999, 21, 307-311.
[CrossRef]

10. Breau, L.M.; Camfield, C.S.; McGrath, PJ.; Finley, G.A. Risk factors for pain in children with severe cognitive
impairments. Dev. Med. Child Neurol. 2004, 46, 364-371. [CrossRef] [PubMed]

11. Steele, R.; Siden, H.; Cadell, S.; Davies, B.; Andrews, G.; Feichtinger, L.; Singh, M. Charting the territory:
Symptoms and functional assessment in children with progressive, non-curable conditions. Arch. Dis. Child.
2014, 99, 754-762. [CrossRef] [PubMed]

12.  Delgado-Aros, S.; Camilleri, M. Visceral hypersensitivity. |. Clin. Gastroenterol. 2005, 39, 5194-5203.
[CrossRef] [PubMed]


http://dx.doi.org/10.1093/jpepsy/27.2.209
http://www.ncbi.nlm.nih.gov/pubmed/11821504
http://dx.doi.org/10.1001/archpedi.157.12.1219
http://www.ncbi.nlm.nih.gov/pubmed/14662579
http://dx.doi.org/10.1046/j.1365-2648.2002.02206.x
http://www.ncbi.nlm.nih.gov/pubmed/12028278
http://dx.doi.org/10.1016/S0020-7489(02)00058-5
http://dx.doi.org/10.1111/j.1469-8749.2004.tb00490.x
http://www.ncbi.nlm.nih.gov/pubmed/15132260
http://dx.doi.org/10.1111/j.1469-8749.2004.tb00428.x
http://www.ncbi.nlm.nih.gov/pubmed/14974642
http://dx.doi.org/10.1002/ddrr.18
http://www.ncbi.nlm.nih.gov/pubmed/18646021
http://dx.doi.org/10.1136/adc.85.6.460
http://www.ncbi.nlm.nih.gov/pubmed/11719327
http://dx.doi.org/10.1016/S0387-7604(99)00025-X
http://dx.doi.org/10.1017/S001216220400060X
http://www.ncbi.nlm.nih.gov/pubmed/15174527
http://dx.doi.org/10.1136/archdischild-2013-305246
http://www.ncbi.nlm.nih.gov/pubmed/24833792
http://dx.doi.org/10.1097/01.mcg.0000156114.22598.1b
http://www.ncbi.nlm.nih.gov/pubmed/15798485

Children 2018, 5,1 10 of 11

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Nicholson, B.D. Evaluation and treatment of central pain syndromes. Neurology 2004, 62, S30-536. [CrossRef]
[PubMed]

Frese, A.; Husstedt, LW.; Ringelstein, E.B.; Evers, S. Pharmacologic treatment of central post-stroke pain.
Clin. ]. Pain 2006, 22, 252-260. [CrossRef] [PubMed]

Klit, H.; Finnerup, N.B.; Jensen, T.S. Central post-stroke pain: Clinical characteristics, pathophysiology,
and management. Lancet Neurol. 2009, 8, 857-868. [CrossRef]

Hauer, J.; Houtrow, A.J.; Section on Hospice and Palliative Medicine, Council on Children with Disabilities.
Pain Assessment and Treatment in Children with Significant Impairment of the Central Nervous System.
Pediatrics 2017, 139, E20171002. [CrossRef] [PubMed]

Zangen, T.; Ciarla, C.; Zangen, S.; Di Lorenzo, C.; Flores, A.F; Cogjin, J.; Reddy, S.N.; Rowhani, A;
Schwankovsky, L.; Hyman, P.E. Gastrointestinal motility and sensory abnormalities may contribute to food
refusal in medically fragile toddlers. J. Pediatr. Gastroenterol. Nutr. 2003, 37, 287-293. [CrossRef] [PubMed]
Hasler, M.L. Pharmacotherapy for intestinal motor and sensory disorders. Gastroenterol. Clin. N. Am. 2003,
32,707-732. [CrossRef]

Lee, K.J.; Kim, ].H.; Cho, S.W. Gabapentin reduces rectal mechanosensitivity and increases rectal compliance
in patients with diarrhoea-predominant irritable bowel syndrome. Aliment. Pharmacol. Ther. 2005, 22,
981-988. [CrossRef] [PubMed]

Hauer, J.; Solodiuk, J. Gabapentin for Management of Recurrent Pain in 22 Nonverbal Children with Severe
Neurological Impairment: A Retrospective Analysis. J. Palliat. Med. 2015, 18, 453-456. [CrossRef] [PubMed]
Hauer, J.; Wical, B.; Charnas, L. Gabapentin successfully manages chronic unexplained irritability in children
with severe neurologic impairment. Pediatrics 2007, 119, e519-e522. [CrossRef] [PubMed]

Kuiken, S.D.; Tytgat, G.N.; Boeckxstaens, G.E. Review article: Drugs interfering with visceral sensitivity for
the treatment of functional gastrointestinal disorders—The clinical evidence. Aliment. Pharmacol. Ther. 2005,
21, 633-651. [CrossRef] [PubMed]

Chelimsky, G.; Chelimsky, T. Familial association of autonomic and gastrointestinal symptoms. Clin. Auton. Res.
2001, 11, 383-386. [CrossRef] [PubMed]

Chelimsky, G.; Hupertz, V.E; Chelimsky, T.C. Abdominal Pain as the Presenting Symptom of Autonomic
Dysfunction in a Child. Clin. Pediatr. (Phila) 1999, 38, 725-729. [CrossRef] [PubMed]

Axelrod, EB.; Berlin, D. Pregabalin: A New Approach to Treatment of the Dysautonomic Crisis. Pediatrics
2009, 124, 743-746. [CrossRef] [PubMed]

Baguley, L].; Cameron, L.D.; Green, A.M.; Slewa-Younan, S.; Marosszeky, ].E.; Gurka, J.A. Pharmacological
management of Dysautonomia following traumatic brain injury. Brain Inj. 2004, 18, 409-417. [CrossRef]
[PubMed]

Diesing, T.S.; Wijdicks, E.F. Arc de cercle and dysautonomia from anoxic injury. Mov. Disord. 2006, 21,
868-869. [CrossRef] [PubMed]

Baguley, L]. Autonomic complications following central nervous system injury. Semin. Neurol. 2008, 28,
716-725. [CrossRef] [PubMed]

Mehta, N.M.; Bechard, L.J.; Leavitt, K.; Duggan, C. Severe weight loss and hypermetabolic paroxysmal
dysautonomia following hypoxic ischemic brain injury: The role of indirect calorimetry in the intensive care
unit. J. Parenter. Enter. Nutr. 2008, 32, 281-284. [CrossRef] [PubMed]

Baguley, L].; Heriseanu, R.E.; Gurka, J.A.; Nordenbo, A.; Cameron, I.D. Gabapentin in the management of
dysautonomia following severe traumatic brain injury: A case series. Neurol. Neurosurg. Psychiatry 2007, 78,
539-541. [CrossRef] [PubMed]

Antonarakis, E.S.; Hain, R.D. Nausea and vomiting associated with cancer chemotherapy: Drug management
in theory and in practice. Arch. Dis. Child. 2004, 89, 877-880. [CrossRef] [PubMed]

Rodriguez, L.; Diaz, J.; Nurko, S. Safety and efficacy of cyproheptadine for treating dyspeptic symptoms in
children. J. Pediatr. 2013, 163, 261-267. [CrossRef] [PubMed]

Merhar, S.L.; Pentiuk, S.P.; Mukkada, V.A.; Meinzen-Derr, J.; Kaul, A.; Butler, D.R. A retrospective review
of cyproheptadine for feeding intolerance in children less than three years of age: Effects and side effects.
Acta Paediatr. 2016, 105, 967-970. [CrossRef] [PubMed]

Cook, R.C,; Blinman, T.A. Alleviation of retching and feeding intolerance after fundoplication. Nutr. Clin. Pract.
2014, 29, 386-396. [CrossRef] [PubMed]


http://dx.doi.org/10.1212/WNL.62.5_suppl_2.S30
http://www.ncbi.nlm.nih.gov/pubmed/15007162
http://dx.doi.org/10.1097/01.ajp.0000173020.10483.13
http://www.ncbi.nlm.nih.gov/pubmed/16514325
http://dx.doi.org/10.1016/S1474-4422(09)70176-0
http://dx.doi.org/10.1542/peds.2017-1002
http://www.ncbi.nlm.nih.gov/pubmed/28562301
http://dx.doi.org/10.1097/00005176-200309000-00016
http://www.ncbi.nlm.nih.gov/pubmed/12960651
http://dx.doi.org/10.1016/S0889-8553(03)00027-X
http://dx.doi.org/10.1111/j.1365-2036.2005.02685.x
http://www.ncbi.nlm.nih.gov/pubmed/16268973
http://dx.doi.org/10.1089/jpm.2014.0359
http://www.ncbi.nlm.nih.gov/pubmed/25658145
http://dx.doi.org/10.1542/peds.2006-1609
http://www.ncbi.nlm.nih.gov/pubmed/17272610
http://dx.doi.org/10.1111/j.1365-2036.2005.02392.x
http://www.ncbi.nlm.nih.gov/pubmed/15771750
http://dx.doi.org/10.1007/BF02292771
http://www.ncbi.nlm.nih.gov/pubmed/11794720
http://dx.doi.org/10.1177/000992289903801205
http://www.ncbi.nlm.nih.gov/pubmed/10618765
http://dx.doi.org/10.1542/peds.2008-3318
http://www.ncbi.nlm.nih.gov/pubmed/19620195
http://dx.doi.org/10.1080/02699050310001645775
http://www.ncbi.nlm.nih.gov/pubmed/15195790
http://dx.doi.org/10.1002/mds.20831
http://www.ncbi.nlm.nih.gov/pubmed/16532457
http://dx.doi.org/10.1055/s-0028-1105971
http://www.ncbi.nlm.nih.gov/pubmed/19115177
http://dx.doi.org/10.1177/0148607108316196
http://www.ncbi.nlm.nih.gov/pubmed/18443140
http://dx.doi.org/10.1136/jnnp.2006.096388
http://www.ncbi.nlm.nih.gov/pubmed/17435191
http://dx.doi.org/10.1136/adc.2003.037341
http://www.ncbi.nlm.nih.gov/pubmed/15321871
http://dx.doi.org/10.1016/j.jpeds.2012.12.096
http://www.ncbi.nlm.nih.gov/pubmed/23419589
http://dx.doi.org/10.1111/apa.13477
http://www.ncbi.nlm.nih.gov/pubmed/27194450
http://dx.doi.org/10.1177/0884533614525211
http://www.ncbi.nlm.nih.gov/pubmed/24699396

Children 2018, 5,1 11 0f 11

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Gale, R.; Namestnic, J.; Singer, P.; Kagan, I. Caloric Requirements of Patients With Brain Impairment and
Cerebral Palsy Who Are Dependent on Chronic Ventilation. J. Parenter. Enter. Nutr. 2017, 41, 1366-1370.
[CrossRef] [PubMed]

Dickerson, R.N.; Brown, R.O.; Hanna, D.L.; Williams, ].E. Energy requirements of non-ambulatory, tube-fed
adult patients with cerebral palsy and chronic hypothermia. Nutrition 2003, 19, 741-746. [CrossRef]
Vernon-Roberts, A.; Wells, ].; Grant, H.; Alder, N.; Vadamalayan, B.; Eltumi, M.; Sullivan, P.B. Gastrostomy
feeding in cerebral palsy: Enough and no more. Dev. Med. Child Neurol. 2010, 52, 1099-1105. [CrossRef]
[PubMed]

Hauer, J.; Yip, D.O. Feeding Intolerance and Edema in Children and Adults with Severe Neurological
Impairment: Features in the Last Year of Life (TH306). J. Pain Symptom Manag. 2016, 51, 318. [CrossRef]
Pohl, J.E; Cantrell, A. Gastrointestinal and nutritional issues in cerebral palsy. Pract. Gastroenterol. 2006, 29,
14-22.

Dickerson, R.N.; Brown, R.O.; Hanna, D.L.; Williams, J.E. Effect of upper extremity posturing on measured
resting energy expenditure of nonambulatory tube-fed adult patients with severe neurodevelopmental
disabilities. . Parenter. Enter. Nutr. 2002, 26, 278-284. [CrossRef] [PubMed]

Hauer, J.; Wolfe, J. Supportive and Palliative Care of Children with Metabolic and Neurological Diseases.
Curr. Opin. Support. Palliat. Care 2014, 8, 296-302. [CrossRef] [PubMed]

Altaf, M.A.; Sood, M.R. The nervous system and gastrointestinal function. Dev. Disabil. Res. Rev. 2008, 14,
87-95. [CrossRef] [PubMed]

Browning, K.N.; Travagli, R.A. Central nervous system control of gastrointestinal motility and secretion and
modulation of gastrointestinal functions. Compr. Physiol. 2014, 4, 1339-1368. [CrossRef] [PubMed]

Siden, H.; Tucker, T.; Derman, S.; Cox, K.; Soon, G.S.; Hartnett, C.; Straatman, L. Pediatric enteral feeding
intolerance: A new prognosticator for children with life-limiting illness? J. Palliat. Care 2009, 25, 213-217.
[PubMed]

Bramow, S.; Faber-Rod, J.C.; Jacobsen, C.; Kutzelnigg, A.; Patrikios, P.; Sorensen, P.S.; Lassmann, H.;
Laursen, H. Fatal neurogenic pulmonary edema in a patient with progressive multiple sclerosis. Mult. Scler.
2008, 14, 711-715. [CrossRef] [PubMed]

Macleod, A.D. Neurogenic pulmonary edema in palliative care. J. Pain Symptom Manag. 2002, 23, 154-156.
[CrossRef]

Diekema, D.S.; Botkin, J.R.; Committee on Bioethics. Clinical report: Forgoing medically provided nutrition
and hydration in children. Pediatrics 2009, 124, 813-822. [CrossRef] [PubMed]

Rapoport, A.; Shaheed, J.; Newman, C.; Rugg, M.; Steele, R. Parental perceptions of forgoing artificial
nutrition and hydration during end-of-life care. Pediatrics 2013, 131, 861-869. [CrossRef] [PubMed]
Marcovitch, H. Artificial feeding for a child with a degenerative disorder: A family’s view. The mother and
grandmother of Frances. Arch. Dis. Child. 2005, 90, 979.

Hauer, J. Care at the End of Life. In Caring for Children Who Have Severe Neurological Impairment: A Life with
Grace; Johns Hopkins University Press: Baltimore, MD, USA, 2013; pp. 413429, ISBN 1421409372.

@ © 2017 by the author. Licensee MDP], Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1177/0148607116662970
http://www.ncbi.nlm.nih.gov/pubmed/27528359
http://dx.doi.org/10.1016/S0899-9007(03)00123-0
http://dx.doi.org/10.1111/j.1469-8749.2010.03789.x
http://www.ncbi.nlm.nih.gov/pubmed/20964670
http://dx.doi.org/10.1016/j.jpainsymman.2015.12.132
http://dx.doi.org/10.1177/0148607102026005278
http://www.ncbi.nlm.nih.gov/pubmed/12216706
http://dx.doi.org/10.1097/SPC.0000000000000063
http://www.ncbi.nlm.nih.gov/pubmed/25004174
http://dx.doi.org/10.1002/ddrr.15
http://www.ncbi.nlm.nih.gov/pubmed/18646012
http://dx.doi.org/10.1002/cphy.c130055
http://www.ncbi.nlm.nih.gov/pubmed/25428846
http://www.ncbi.nlm.nih.gov/pubmed/19824283
http://dx.doi.org/10.1177/1352458507087848
http://www.ncbi.nlm.nih.gov/pubmed/18566036
http://dx.doi.org/10.1016/S0885-3924(01)00395-5
http://dx.doi.org/10.1542/peds.2009-1299
http://www.ncbi.nlm.nih.gov/pubmed/19651596
http://dx.doi.org/10.1542/peds.2012-1916
http://www.ncbi.nlm.nih.gov/pubmed/23569099
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	A Framework 
	Testable Causes 
	Causes Due to the Altered Nervous System 
	Visceral Hyperalgesia and Central Neuropathic Pain 
	Autonomic Dysfunction 
	Emetic Reflex and Vomiting Center 

	Over-Feeding 
	Empirical Trials 
	Medication Trials 
	Home Care Plans 

	Acute on Chronic Symptom Events 
	Intractable Feeding Intolerance and Features at End of Life 
	Conclusions 
	References

