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Surgery of the small intestine and colon is commonly per-
formed in children for a variety of indications ranging from
congenital anatomic abnormalities to need for enteral feed-
ing access to underlying motility disorders. Under most cir-
cumstances, non-emergent operations allow time for a
multidisciplinary team approach between surgeons and gas-
troenterologists to devise a thorough preoperative diagnostic
strategy. Unfortunately, abdominal catastrophes such as mal-
rotation with volvulus often preclude the luxury of time
before surgery necessitating a strong relationship between
surgeon and gastroenterologist to address the potential con-
sequences of such an event. In both cases, the motility of the
small bowel and colon remains a critical feature that often
predicts the success of an operation and, most importantly,
the prognosis of the patient. This chapter aims to address
several of the more prevalent motility disorders observed in
children after small bowel and colonic surgery.

Small Bowel Motility After Resection

Resection of short or long segments of the small bowel may
be necessary for different indications including surgical
emergencies such as bowel ischemia or necrosis from volvu-
lus and perforation; congenital anomalies such as intestinal
atresia, malrotation, and gastroschisis; or acquired etiologies
encompassing stricturing Crohn’s disease, ulcerative colitis,
severe necrotizing enterocolitis, intestinal pseudoobstruction,
or abdominal trauma. New advances in intestinal rehabilitation

R. Gomez, M.D.

Pediatric Gastroenterology Hepatology and Nutrition, Nemours
Children’s Hospital, University of Central Florida,

Orlando, FL, USA

J.E. Fortunato, M.D. (D)

Pediatric Gastroenterology Hepatology and Nutrition, Lurie
Children’s Hospital, Northwestern University Feinberg School
of Medicine, 225 E. Chicago Avenue, Chicago, IL 60611, USA
e-mail: jfortunato @luriechildrens.org

© Springer International Publishing Switzerland 2017

such as home TPN, lipid solutions, frequent small bowel
bacterial decontamination, and new central line technology
that decrease the number of line infections dramatically have
changed the prognosis of infants after a small bowel resec-
tion. Preservation of bowel length, particularly the small
intestine, is critical to insure adequate absorption of nutrients,
fluids, and electrolytes but is contingent on circumstances
such as extent of the necrosis or ischemia. The consequences
of a more extensive resection of small bowel include symp-
toms such as frequent diarrhea, malnutrition, and bloating due
to bacterial overgrowth and may result in the need for parental
nutrition with its associated complications.

Small intestinal resections are classified into three catego-
ries based on length of residual small bowel: short resection
with 100-150-cm length remaining, large resection with
40-100 cm remaining, and massive resection with 40 cm or
less remaining. In general, massive resections particularly in
the context of an absent ileocecal valve are associated with
inability to wean completely from parenteral nutrition [1].
The absence of ileocecal valve has been associated with
increased diarrhea and small bowel bacterial overgrowth
(SBBO).

While mucosal adaptation has been extensively studied,
there is a paucity of data regarding changes in motility after
small intestinal resection. A better functional outcome is
associated with proximal compared to distal resection, which
may be related to both the adaptive capacity and intrinsic
properties of the jejunum and ileum. Adaptation involves all
layers of the bowel wall, including intestinal smooth muscle.
The intestinal smooth muscle is coordinated by both hor-
monal and neuronal components which regulate the transit
of intestinal contents through the gastrointestinal tract [2].
Activation of this complex circuitry allows changes in the
peristaltic reflex to modulate the intestinal motility pattern
from propagative to segmenting. This is accomplished
through a complex integration of signals that trigger a jejunal
and ileal break mechanism in response to nutrients, most
notably fats. Mediators involved in this response include
peptide Y'Y, chemosensitive afferent neurons, noradrenergic
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nerves, myenteric serotonergic neurons, and opioid neu-
rons [3]. Following proximal resection of small bowel, for
example, it has been demonstrated that the postprandial
motilin response is decreased, whereas transient increases in
neurotensin and peptide YY have been noted after distal
resection [4].

After intestinal loss, a combination of shorter bowel
length and disruption of normal physiological mechanisms
may lead to poor absorption and malnutrition. Increased
contractile response and proliferative changes in intestinal
smooth muscle cells may contribute to the compensatory
adaptive mechanism to slow intestinal transit and improve
nutrient absorption. While the cellular mechanism for this
process is not well defined, mechanisms such as epidermal
growth factor receptor signaling have been shown to play a
role in adaptation of the smooth muscle cellular compart-
ment [2].

Little is known about changes in the migrating motor
complex (MMC) after resection. Animal studies often reveal
conflicting results with a broad spectrum of motility changes
depending on the extent and location of resection. For exam-
ple, after extensive distal small bowel resection, postopera-
tive changes such as decreased MMC velocity and longer
intervals between MMCs during fasting with slight recovery
of propagation frequency in the chronic phase have been
observed [5, 6]. Findings such as shorter phase I duration and
discoordinate clustered MMC activity have also been seen
using the same model [7]. There are very limited motility
studies in humans after small bowel resection [8—10]. With
extensive distal resection, motility changes include shorter
duration and more frequent MMCs as well as a reduction in
phase 2 activity; however, limited ileal resection does not
result in detectable manometric changes of jejunal motility
[9]. The postprandial motor response is not well defined, but
appears to be shorter in patients after resection [10].

Short Bowel Syndrome Perioperative
Evaluation

The goal of surgery for patients with short bowel syndrome
include maximizing intestinal absorption, improving motil-
ity and transit of the dilated aperistaltic segments, as well as
delaying intestinal transit time in some cases. Laparotomy
or laparoscopy is also required in some cases to close sto-
mas or address causes of obstruction such as abdominal
adhesions [11].

A thorough and focused evaluation must be performed to
determine the best surgical option in patients with short
bowel. Perioperative evaluation may include assessment of
intestinal length and caliber, motility, and intestinal transit.
An upper gastrointestinal series with small bowel follow, for
instance, can determine bowel anatomy and identify the
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presence of obstruction leading to possible adhesiolysis or
remodeling of an anastomosis [12]. Determination of intesti-
nal transit can also be assessed to some extent with an upper
gastrointestinal series; however, the study has several limita-
tions. First, it does not quantitatively evaluate motility. In
addition, the chemical composition of the contrast itself may
alter motility giving a false impression of the intestinal tran-
sit. The authors believe that antroduodenal and colonic
manometry are crucial in the study of these patients.
Unfortunately, motility studies are not systematically used in
patients with short bowel syndrome, especially before opera-
tive management. The preoperative value of colonic and
antroduodenal manometry in differentiating peristaltic ver-
sus aperistalsic bowel segments was recently addressed in a
case series [13]. In this series, a normal colonic manometry
was the basis for preserving continuity of the colon in a
patient with short bowel syndrome. In contrast, abdominal
distension and feeding intolerance with absent distal colonic
motility markedly improved after placement of a left-sided
colostomy in a patient with prior gastroschisis and short
bowel syndrome (Dr. J. Balint, personal communication)
(Fig. 30.1).

Short Bowel Syndrome Surgical Approaches
Procedures to Alter Intestinal Transit

Delaying the intestinal transit time has been recognized as an
important mechanism in order to increase absorption and
maximize contact of the nutrients in patients with short gut
syndrome. Several procedures have been designed for this
purpose. For example, creation of intestinal valves by plac-
ing a Teflon collar around the circumference of the bowel, or
by everting the small bowel mucosa, creating a small intus-
susceptum can induce proximal dilatation increasing adapta-
tion [14, 15]. Reversed antiperistalsic segments of intestine
have also been proposed as an alternative for delaying intes-
tinal transit. The reversed segment is usually short and is
placed as distal as possible to prevent obstruction. This pro-
cedure has been used in adults with short bowel syndrome
with 50 % of patients being able to wean off total parenteral
nutrition [16]. The study was based on previous findings in
canine models in which the reversed segment was observed
to cause retrograde peristalsis disrupting the motility of the
proximal intestine [17]. Colonic interposition has also been
used to delay intestinal transit time [18]. However, this study
was limited by a small number of patients and lack of periop-
erative assessment of motility changes.

Dilation of a segment of small bowel is frequently associ-
ated with poor motility and presence of bacterial overgrowth.
Therefore, increasing motility of the dilated segment has been
an important aim in many types of autologous reconstructive
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Fig.30.1 Patient with history
of gastroschisis resulting in
short bowel syndrome with
persistent abdominal
distension (a) and feeding
intolerance after

STEP. Antroduodenal
manometry demonstrated
adequate small bowel motility
after STEP (b). Absence of
motility was shown in the
distal colon (¢). Subsequent
placement of a left-sided
colostomy resulted in
symptom resolution and
tolerance of enteral nutrition.
(Courtesy of Drs. Gomez and
Burns, Nemours Children’s

Hospital, Orlando, FL) b
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bowel surgery. Tapering enteroplasty reduces the caliber of
the bowel lumen, preserving the length, and thereby improv-
ing peristalsis [19, 20]. The impact of this tapering on the
different phases of the MMC or postprandial motility indices
is not clear.

Intestinal Lengthening

Surgical procedures including longitudinal intestinal lengthen-
ing and tailoring (Bianchi’s LILT) or serial transverse entero-
plasty (STEP) were designed to increase the length of the
intestine and maximize absorption in patients with short bowel
syndrome [21, 22]. These procedures are usually performed
after a period of intestinal adaptation and not immediately after
resection. LILT isoperistaltic bowel lengthening entails longi-
tudinal division of the bowel with isoperistaltic end-to-end
anastomosis effectively doubling the length of that portion of
the bowel. The STEP procedure involves the sequential linear
stapling of the dilated small bowel from alternating directions
perpendicular to the long axis of the intestine [22].

Both LILT and STEP have been shown to successfully
result in increased caloric absorption and preserved intesti-
nal motility [23, 24]. After LILT, there is an increased toler-
ance of enteral feeds, improved growth, and decreased
frequency of catheter infections. Significant improvement in
stool counts, intestinal transit time, b-xylose absorption, and
fat absorption resulting in discontinuation of parenteral
nutrition has also been observed [25, 26]. After LILT,
55-79% of the patients are able to wean from parenteral
nutrition with survival rates up to 77 % [27, 28]. Limitations
of the LILT procedure include its technical difficulty,
involvement of at least one intestinal anastomosis, and risk

TR &

Fig.30.2 Small bowel and colonic motility in a 4-year-old boy with a
medical history of NEC, short bowel syndrome, and post-STEP proce-
dure. (a) Presence of simultaneous contractions in the antrum and small
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to the mesenteric blood supply. It is also best performed if
the bowel is symmetrically dilated. Complications such as
ileal valve prolapse and recurrent small bowel dilatation
have been reported after the operation [24].

STEP has become widely accepted among pediatric sur-
geons as it is technically easier to perform than LILT and pre-
serves the natural mesenteric vasculature to the intestine [29].
STEP has been shown to improve weight retention, nutritional
status, and intestinal absorptive capacity in an animal model.
Its results are comparable to LILT with around 80% of the
patients being able to wean off parenteral nutrition [27, 30].
Motility studies performed in a STEP animal model suggest
that the MMC phase 11 is preserved after resection and anasto-
mosis maintaining the amplitude and frequency of small bowel
contractions [22]. The small bowel motility index was similar
to controls. Nonspecific abnormalities observed in both groups
included simultaneous or tonic contractions as well as contrac-
tions present in only proximal or distal segments. The duration
of phase III after octreotide was also increased in STEP ani-
mals [22]. These findings are difficult to reproduce in the clini-
cal setting especially in patients with severe intestinal ischemia
or gastroschisis and baseline abnormal motility even before
STEP. After STEP, intestinal motility continues to be affected
correlating with feeding intolerance and TPN dependency
(Fig. 30.2). Thus, preoperative severe dysmotility is a risk
factor for poor outcomes from STEP [31].

Intestinal Transplantation

Intestinal transplantation has become an increasingly
accepted treatment for children with intestinal failure with
3- and 5-year survival rates of 84 % and 77 %, respectively,

=
H
bowel in the first eight channels. (b) HAPCs in the sigmoid after

Bisacodyl stimulation (arrow). (Courtesy of Dr. Carlo Di Lorenzo and
Dr. Hayat Mousa, Nationwide Children’s Hospital, Columbus, OH)
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with most patients becoming independent of TPN [32]. The
most frequent cause of intestinal failure is short-gut syn-
drome (SGS) defined by malabsorption, malnutrition, and
growth retardation secondary to extensive loss of intestinal
length or functional gut mass [33, 34]. Gastroschisis, volvu-
lus, necrotizing enterocolitis, intestinal atresia, chronic intes-
tinal pseudoobstruction, and congenital enteropathy are
frequent conditions associated with SGS [32].

Small bowel or multivisceral organ transplantation is
often necessary for children after massive intestinal resection
including those with less than 25 cm of small bowel without
ileocecal valve, congenital intractable mucosal disorders,
persistent hyperbilirubinemia, and diminishing venous
access, often associated with recurrent episodes of sepsis
[35, 36]. The role of performing small bowel motility studies
as a gauge to determine whether intestinal transplantation
should be undertaken is unclear, but has been proposed as a
potential prognostic tool [37]. Most studies have focused on
the impact on intestinal motility after transplantation [38].

After intestinal transplantation, maintenance of intestinal
motility with coordinated smooth muscle function and ade-
quate absorptive capability is paramount. Animal models
have confirmed that intrinsic nerves are generally preserved
after transplantation [39, 40]. The consequence of extrinsic
denervation from the small bowel may lead to poor func-
tioning of the grafted intestine. In a canine model, for
instance, body weight and serum albumin levels remain
stable after autotransplantation. However, transplanted ani-
mals demonstrated significant defects in fat and p-xylose
absorption compared to controls, possibly attributed to
overgrowth in fecal flora [39]. In a similar model, dogs
undergoing autotransplantation experienced rapid intestinal
transit compared to short-gut animals which may suggest
that adaptive responses of the transplanted intestine may be
impaired by neuromuscular injury associated with denervation
or ischemia [41].

Intestinal motility after small bowel transplantation has
been studied in children using antroduodenal manometry.
Interdigestive phase III motor activity with normal
manometric characteristics was seen as early as 3 months
posttransplantation in the majority of patients. However,
disruption of an orderly MMC was noted across the anasto-
mosis as well as abnormal postprandial motility, which
may in part be responsible for abnormal intestinal transit
and poor absorption [38]. These studies emphasize how
little is known about the effect of small bowel transplanta-
tion on motility and underscore the need for future prospec-
tive research. Because a significant part of graft motility
depends on the Cajal cells, particularly in the context of
extrinsic denervation, inflammation of the tunica muscula-
ris either by ischemia reperfusion or by frequent episodes
of rejection or infections often leads to poor functioning of
the graft and presence of bacterial overgrowth [42]. In animal
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models, small bowel graft, rejection is associated with
decreased MMC phase III amplitude and propagation of
contractions [43, 44].

Roux-en-Y Jejunostomy and Bariatric Surgery

Roux-en-Y gastrojejunostomy has been employed in both
children and adults for a variety of indications including
postgastrectomy for peptic ulcer disease, as a component of
bariatric surgery, and for jejunal feeding access [41]. The
technique limits reflux of bile into the gastric remnant and
esophagus. Common postoperative symptoms attributed to
secondary dysmotility include abdominal fullness, disten-
sion, pain, nausea, and vomiting [45]. These symptoms are
likely the result of interrupted slow-wave electrical conduc-
tion which occurs after transecting the jejunum resulting in
shortened phase III MMC duration and abnormal motor
response to meals [46]. The consequence of disruption of the
enteric nervous system may include serious conditions such
as ascending cholangitis due to stasis of bowel contents in
the proximal limb of the roux segment, known as blind-loop
syndrome [47].

It has been shown in both adults and animals that using an
“uncut” Roux-en-Y technique may avoid the problems
observed with jejunal transection by prolonging the phase III
MMC, thereby enhancing digestive clearance [47]. While gas-
trectomy is uncommon in children, there has been an increase
in pediatric gastric surgery to treat obesity particularly in ado-
lescents [48]. Both laparoscopic adjustable gastric banding
and laparoscopic Roux-en-Y gastric bypass have been per-
formed in children, but there is a paucity of data examining the
effects of these operations on gut motility. Overall, there
seems to be an improvement in health-related quality of life
based on early studies, which may suggest limited distur-
bances in motility in these patients [49].

Congenital Diaphragmatic Hernia

Congenital diaphragmatic hernia (CDH) is a developmental
defect present in less than 1 of 1000 live births resulting in
herniation of abdominal viscera into the chest [50, 51]. It is
associated with other anatomic malformations in 30 % of the
patients resulting in increased mortality [52, 53]. Long-term
gastrointestinal problems, most notably refractory gastro-
esophageal reflux disease (GERD), have been described in
patients with prior CDH repair [54]. In a recent multivariate
analysis, the incidence of GERD was shown to be 39 %
immediately after repair and 16 % 12-18 years after repair.
Patients with an intrathoracic stomach and patch closure of
the diaphragm seemed to demonstrate the most significant
reflux symptoms in the early postoperative period [55].
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Reports of intestinal motility disorders in patients with
CDH are limited. However, foregut dysmotility has been
postulated after CDH repair as evidenced by persistent upper
GI symptoms noted in association with abnormal gut fixa-
tion seen in nearly 10 % of patients [56]. For example, antral
hypomotility with low-amplitude and prolonged phase III
contractions has been observed after CDH repair manifest-
ing as symptoms of severe gastroesophageal reflux and
delayed gastric emptying scintigraphy testing [57].

Gastroschisis

Gastroschisis is a full-thickness defect in the abdominal wall
usually adjacent to the insertion of the umbilical cord with an
incidence between 0.4 and 3 per 10,000 births [58]. A vari-
able amount of intestine and abdominal organs may herniate
through this defect without the protective covering of the
peritoneal sac [59]. Ten percent of infants with gastroschisis
develop ischemic injury to the bowel due to vascular insuf-
ficiency which may result in intestinal stenosis or atresia [58,
60]. Gastroschisis represents one of the major causes of
intestinal failure often necessitating consideration of intesti-
nal transplantation. Approximately 40% of patients with
gastroschisis require parenteral nutrition by the age of 4
months and 10 % by the age of 2 years [61].

Patients with gastroschisis tend to have persistent gut dys-
motility with symptoms suggestive of intestinal pseudoob-
struction [62]. Even after repair with adequate bowel length,
these patients have evidence of profound feeding problems,
increased hospitalizations, and mortality [63, 64]. Many of
these patients with feeding problems may have neuropathic
predominant changes based on antroduodenal manometry
(Author RG, unpublished case series). Interestingly, in post-
natal autopsy studies, there is no evidence of ganglion cell or
generalized myenteric nervous system abnormalities to
explain the motility disorders that often accompany cases of
gastroschisis [65].

Motility Disorders After Repair of Malrotation
and Intestinal Atresia

Malrotation is defined by the absence of midgut rotation
before reentering the abdominal cavity during the 12th week
of gestation [66]. By this time in embryonic development, the
neurons forming the ENS have already migrated from the neu-
ral crest to the intestine. Surgical correction (Ladd’s proce-
dure) involves division of a fibrous stalk of peritoneal tissue
attaching the cecum to the abdominal wall, known as Ladd’s
bands; widening the small bowel mesentery; appendectomys;
and appropriate placement of the colon. Small bowel motility
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abnormalities including complete absence of motor activity,
low-amplitude or slow-frequency contractions, and slow
propagation of phase III of the MMCs have been described
after performing a Ladd’s procedure for these patients [67].
These manometric abnormalities have been associated in
some patients with histological changes such as distended
neuronal axon hypoganglionosis or vacuolated nerve tracts in
the small bowel [68].

Intestinal atresia is a frequent cause of bowel obstruction
in neonates. Operative management includes resection of the
atresia with primary bowel anastomosis, resection with
tapering enteroplasty, temporary ostomy with intestinal
resection, enterostomy with web excision, and longitudinal
intestinal lengthening procedures. After surgical correction,
symptoms of adhesive bowel obstruction occur in close to
25 % of the patients with prolonged adynamic ileus in 9%
and enterostomy prolapse in 2% [69]. Prolonged small
bowel obstruction due to atresia or malrotation can lead to
severe refeeding problems in the neonatal period. Cezard
et al. described a form of postobstructive enteropathy (POE)
of the apparently normal small intestine segment proximal to
the obstruction. POE patients showed significant abnormal
peristalsis as characterized by barium and carmine transit
times. Small bowel manometric recordings are characterized
by an absence or abnormal phase III of the migrating motor
complex and decreased motility index of the small intestine
above the obstruction [70, 71].

Colectomy and Partial Colonic Resection

Colonic resection in children is reserved for chronic condi-
tions such as refractory ulcerative colitis, Crohn’s colitis,
familial adenomatous polyposis, severe constipation,
Hirschsprung’s disease, and debilitating motility disorders
such as intestinal pseudoobstruction. Small bowel and resid-
ual colonic function is contingent on the region and extent of
colonic resection as well as the underlying pathology neces-
sitating surgery. As an example, subtotal colectomy is a sur-
gical option to treat severe cases of constipation associated
with colonic dilatation. While extensive resection of colon
may accomplish reduction in intestinal transit time, it may
not eliminate symptoms of pain and bloating suggesting the
possibility of a more generalized motor disorder of the gut
[72]. Colectomy in these patients may also be associated
with uncontrolled diarrhea and fecal incontinence as well as
relapsing constipation [73].

The difficulties associated with subtotal colectomy may be
due to the adaptive changes in the MMC resulting in increased
anaerobic bacterial colonization of the small intestine
[74, 75]. Partial colonic resection may alleviate some of
symptoms observed after subtotal colectomy particularly if
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Fig.30.3 Example of two manometry catheters placed in a retrograde
fashion from a colostomy and from the anus. The fop panel shows the
radiology image of the two manometry catheters. The bottom panel
shows the manometry study. There is evidence of propulsive contrac-

performed in conjunction with preoperative motor assessment
including Sitz markers, scintigraphy, and antroduodenal and
colonic manometry [75-77].

In patients with refractory constipation and colonic dila-
tation, colonic and antroduodenal manometry may be key
diagnostic tests to determine the optimal surgical approach
[77-79]. In the absence of demonstrable colonic motility, a
decompressive ileostomy or proximal colostomy for several
months may allow improvement in the degree of colonic
dilatation with return of some degree of motor function in the
distal, diverted colon [77, 79]. Performing a subsequent
colonic manometry study after a diverting ileostomy or
colostomy may allow a more objective surgical decision
between ostomy takedown and reanastomosis alone versus
reanastomosis combined with partial resection of colon par-
ticularly in the context of adequate small bowel motility
(Fig. 30.3). A permanent ileostomy may be indicated in the
context of persistently absent colonic high-amplitude propa-
gating contractions (HAPCs) particularly in association with
abnormal small bowel motility [77].

Summary

The need for small bowel and colonic surgery for a variety of
indications is a common occurrence in children. The impact of

operative manipulation and interventions on subsequent gut
motility may have serious implications in terms of the func-
tional capacity of the remaining intestine to effectively absorb
nutrients without gastrointestinal symptoms. Thus, motility
testing in children whether performed in the preoperative or
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tions proximal to a diverting colostomy (top eight channels in the
manometry tracing) and absent motility in the distal four channels in
the distal colonic segment

postoperative phase of management may play a significant
role in the surgical decision-making process. Future studies
are needed to better discern the underlying mechanisms
responsible for motility problems observed after small intestine
and colonic surgery.
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