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Abstract:

Enterostomy is a common procedure in pediatric and general surgery, often performed as a
lifesaving intervention in neonates and children with intestinal obstruction, necrotizing
enterocolitis, or congenital anomalies. Closure of the enterostomy is associated with significant
morbidity, including wound infection, anastomotic leak, and postoperative obstruction.
Optimizing timing, surgical technique, and perioperative care are critical to reduce
complications and improve outcomes.
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Introduction:

Enterostomy, whether temporary or permanent, is frequently indicated in neonatal and pediatric surgery as part of the
management of intestinal obstruction, perforation, necrotizing enterocolitis, or congenital anomalies of the bowel.
While often lifesaving, enterostomy is not without complications, including fluid and electrolyte imbalance, poor
weight gain, and stoma-related skin problems (1).

The closure of an enterostomy represents a technically demanding procedure, particularly in children with fragile
bowel and compromised nutritional status. Surgical challenges include the presence of adhesions, the risk of
anastomotic leak, and postoperative ileus. Careful preoperative assessment, optimization of nutrition, and timing of
closure are crucial factors influencing patient outcomes (2).

Recent studies emphasize that advances in surgical techniques, anesthesia, and perioperative care have significantly
reduced the morbidity and mortality associated with enterostomy closure. Nonetheless, the procedure still carries risks,
and the decision regarding timing early versus delayed closure remains controversial and must be individualized
according to patient condition and underlying pathology (3).

Preoperative preparation of Enterostomy closure

In the case of elective formation or closure of an Enterotomy or colostomy, many surgeons still prefer to perform
preoperative mechanical bowel preparation for children outside of the neonatal period. At minimum, an oral clear
liquids diet is given for 24 h prior to surgery. Traditional bowel preparation was preferred particularly for colon
surgery, in children older than 1 year, who are usually admitted the day before surgery. A slender nasogastric feeding
tube (6 Fr) is placed, and polyethylene glycol (PEG) solution is administered at a rate of 25 mL/kg/h until the output
is clear (4).

Adolescents can undergo bowel preparation at home with a standard regimen (sodium phosphates oral solution for
adults) or (PEG for young infants and children) used for adult surgery. Sodium phosphate oral solution is sometimes
better tolerated by adolescents because a lower volume is needed than for PEG solution. Neonates and infants
undergoing Enterotomy and colostomy formation or closure require only preoperative clear liquids with or without
retrograde distal intestinal irrigation on the floor or in the operating room prior to incision (5).

Mechanical bowel preparation is usually not possible when there is obstruction or perforation. Three doses of oral
antibiotics (erythromycin 15 mg/kg/dose and neomycin 30 mg/kg/dose or metronidazole 7 mg/kg/dose, up to adult

4200



International Journal of Multiphysics
Volume 18, No. 3, 2024
ISSN: 1750-9548

dose) are still given by some surgeons, particularly for older children and adolescents, as is distal tap water or 1 %
neomycin enemas. Appropriate perioperative intravenous antibiotics are always used in every age group, prior to
incision and for up to 24 h postoperatively. Preoperative contrast studies of the distal bowel (distal loopogram ) are
generally indicated prior to elective closure of enterostomies, especially in the setting of previous NEC, ischemia,
volvulus, and atresia due to the risk of distal stricture (6).

Operative Technique

The surgical technique for stoma closure involves a series of precise steps to ensure the effective management of the
bowel and surrounding tissues. The procedure begins with a transverse elliptic skin incision around the stoma,
carefully made using a scalpel. The incision is placed all around the mucocutaneous junction, maintaining a 1-2 mm
distance and extending 1 cm on either side. Electrocautery is employed to control bleeding from the skin. Following
this, lateral skin tongues are elevated using Kocher or Allis clamps, and the enterostomy nipple may also be gently
lifted with a Babcock clamp (7).

As the incision deepens, fine scissors are introduced upon reaching the seromuscular layer of the bowel. The bowel
wall is meticulously separated from the subcutaneous fat using sharp dissection, ensuring no damage occurs to the
bowel wall. The dissection proceeds down to the anterior rectus fascia, where the bowel meets (8).
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Fig (1): a) Transverse elliptic skin incision around the stoma. (b) Sharp dissection to separate the bowel from
subcutaneous fat and fascial dissection down to the peritoneal cavity (9).

The fascial dissection requires careful and patient handling due to potential anatomical distortions. In some cases, a
hernia sac may obscure the fascia. The dissection follows the bowel wall circumferentially, detaching it from the
fascial ring and muscle layer until the peritoneal cavity is accessed. If the bowel is sutured to the fascia, the fascia may
be incised to release the bowel. Once the peritoneal cavity is identified, an index finger is used to explore for adhesions,
avoiding blunt finger dissection to prevent inadvertent bowel injury (10).

Peritoneal dissection continues with the finger to gently separate adhesions from the peritoneum. If difficulty arises,
lateral extension of the incision may be necessary for improved exposure (11).

The stapled resection and anastomosis of the enterostomy are widely practiced, particularly when the bowel loop can
be easily exteriorized. This technique effectively removes any segment with questionable bowel quality. The resection
involves dividing the mesentery between the identified proximal and distal sides using clamping/ligating methods or
advanced energy devices. Typically, the resection and reanastomosis are achieved with two loads of a linear stapler.
A small enterotomy is created on either side in the anti-mesenteric position (Fig. 2a), and the stapler jaws are aligned
to ensure the bowel loops are correctly positioned (Fig. 2 b, ¢). Care is taken to avoid trapping the mesentery in the
stapler (Fig. 3). The stapler is fired, and a reload is obtained to grasp the ends of the enterotomy, closing off the end
while simultaneously resecting the bowel (Fig. 4a, b) (12).
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In some cases, surgeons may prefer a stapled isoperistaltic side-to-side anastomosis, manually closing the enterotomy
site with absorbable sutures in two layers. This approach offers an alternative method for managing the resection and
anastomosis, providing flexibility based on the specific intraoperative findings (13).

a b

Fig (2): (a) Creation of small enterotomy in anti-mesenteric position. (b, ¢) Alignment of bowel loops with stapler
jaws (9).

Fig (3): Careful positioning of the stapler to avoid trapping the mesentery (9).

-

Fig (4): (a) Firing the second stapler cartridge. (b) Simultaneous resection of the bowel and closure of the end (9).

Particularly if the bowel mobility is limited, surgeon may be better served by doing a hand-sewn anastomosis. surgeon
can either do this by means of a limited resection of the bowel and an end-to-end handsewn anastomosis in two layers,
using a running absorbable suture such as a 3-0 PDS and interrupted Vicryl sutures. If difficult circumstances do not
even permit such a limited resection, surgeon may elect to undo the nipple by carefully freeing the adhesions between
the everted part and the inside layer (14).

Place two holding stitches on either end. Close the defect transversely in two layers. In contrast to a wide-lumen
enterostomy takedown, there is not usually sufficient space to close that transverse enterotomy opening with staplers
(15).
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Closure of Abdominal Wall

Reduce the bowel into the abdominal cavity. Irrigate out the wound copiously with saline. Remove residual hernia sac
and dissect the subcutaneous fat off the anterior wall of the fascia. Reapproximate the muscle layer with a few
interrupted Vicryl stitches. Close the fascia with a running absorbable monofilament suture (e.g., PDS #1). Once the
fascia is closed, irrigate out the wound with additional saline solution and skin is closed with subcutaneous drain (16).

Postoperative management

Most commonly, the enterotomy wound can be closed without enlarging the skin incision. Closing of the wound is
associated with a 20-25% incidence of wound infection. Many surgeons therefore leave the skin open for healing by
secondary intention. Since 75-80% do not get infected, surgeon might consider closing it and only open it if signs of
infection develop. Additional methods include placing a dermal purse string suture with 3-0 monocryl throughout the
circumference of the wound. Clinch the purse string down to contract the skin edges and loosely pack gauze within
the opening of the wound. In any open wound scenario, surgeon would manage the wound by placing loosely packed
moist gauze into the subcutaneous space to keep the tissue separated (17).

Placement of nasogastric tube is not routine, but may be necessary in patient who develop a profound ileus with nausea
and vomiting. Daily wound care to wound bed. Educate the patient on proper wound care and packing techniques
(18).

Complications of enterostomy closure

The complication rates post-closure vary widely, with some studies reporting frequencies between 10% and 32.6%.
The timing of closure whether early or late—has been debated, with no clear consensus on the optimal approach to
minimize complications (19).

The closure of an enterostomy can also be fraught with complications, including (20):

o Anastomotic Leakage: AL is defined as leaking of intestinal content into the peritoneal cavity through an
anastomotic defect. Consequently, colonic bacteria such as Escherichia coli and Enterococcus faecalis spread
throughout the peritoneal cavity causing peritonitis leading to sepsis and mortality (21). Anastomotic leak is the most
feared early complication of intestinal anastomosis. Any systemic or local factor that causes delay in the transition
from the inflammatory phase to the fibroplasia phase can result in poor healing and AL (22)

Systemic conditions that increase the risk of AL are anemia, malnutrition with hypoalbuminemia, vitamin deficiencies,
and steroid therapy. Local factors such as inadequate blood flow are associated with poor healing and AL .

Anastomotic leak presenting on POD 1 or 2 is invariably due to technical reasons. AL secondary to interference in the
normal healing mechanism usually presents around the end of the first postoperative week. AL can present either as
diffuse peritonitis when the leak is uncontrolled or as localized intra-abdominal collection/abscess if the leak is
controlled. An uncontrolled leak with diffuse peritonitis is associated with high morbidity and mortality and requires
re-exploration. During relaparotomy, a thorough lavage of the peritoneal cavity should be carried out. In most
circumstances, it is better to bring the bowel loops as stoma. A controlled leak presenting with a localized intra-
abdominal abscess can be managed conservatively with percutaneous drainage of the abscess under imaging guidance
and antibiotics (23).

o Bowel Obstruction: Blockage at or near the site of the anastomosis by adhesions or leakage or not perfect
anastomosis, requiring additional surgical intervention (24).

o Wound Infection: The most common postoperative complication. Rates of wound infection are higher with
open surgeries being 10—15%. Perioperative administration of antibiotic agents reduces the rates of wound infection.
It can lead to serious conditions such as wound dehiscence (25).
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o Incisional hernia, including parastomal hernia, is a recognized complication following enterostomy closure.
It occurs due to weakness of the abdominal wall at the site of the previous stoma or surgical incision. The reported
incidence of incisional hernia after stoma closure varies between 7-25% in pediatric and adult series, depending on
patient-related and technical factors (26). Risk factors include poor nutritional status, wound infection, obesity,
immunosuppression, and inadequate fascial closure (27). In children, rapid growth and the presence of congenital
abdominal wall weakness may further predispose to hernia formation (28).

Clinically, patients present with a bulge at the stoma closure site, which may increase in size on straining. While many
hernias remain asymptomatic, complications such as bowel obstruction, pain, and, rarely, strangulation may occur,
necessitating surgical repair. Preventive measures include meticulous fascial closure with slowly absorbable or non-
absorbable sutures (e.g., PDS), reinforcement with mesh in selected high-risk cases, and optimization of nutritional
and infection status preoperatively (29).

o Bleeding

This is common in patients with sepsis and deranged coagulopathy. It may manifest in the immediate postoperative
period as either melena or bleeding from an intra-abdominal drain (30)

Patients with bleeding should be aggressively managed with correction of coagulopathy (if present) and blood
transfusion.

If the bleeding results in hemodynamic instability with a significant decrease in hemoglobin, urgent re-exploration
should be performed. Intraoperative anastomotic site bleeding is characterized by blood in the intestinal lumen distal
to the anastomosis. In such circumstances, the anterior layer of the sutures is opened and both layers are examined for
evidence of any bleeding. Once the bleeding site is identified, it can be controlled by hemostatic sutures. The decision
to reanastomose or convert into stoma depends upon the general condition of the patient. Conversion to stoma is
preferred in patients with hemodynamic instability (30).

o Anastomotic Stricture
It is a late complication of intestinal anastomosis. The risk is marginally increased after end-to-end anastomosis,
especially when performed using a stapled technique (31).

Wound dehiscence

It is the partial or complete separation of the layers of a surgical incision after enterostomy closure. This condition can
range from superficial separation of the skin to more severe full-thickness separation involving the underlying tissues.

Pathophysiology

It occurs when the layers of a surgical wound fail to heal properly, leading to partial or complete separation. This
condition poses a heightened risk for infection, as the open wound becomes vulnerable to bacterial infiltration. The
risk of infection can be localized, affecting the wound site, or systemic, potentially leading to more severe
complications such as sepsis. Factors contributing to wound dehiscence include inadequate wound closure techniques,
increased intra-abdominal pressure, patient comorbidities, and poor nutritional status (32).

In the pediatric population, the incidence of wound dehiscence following enterostomy closure varies. Reported
frequencies range from 0% to 12.5%, reflecting variability in patient populations, surgical techniques, and
postoperative care practices. Complications associated with wound dehiscence can be diverse and include (33):

Causes (34):
o Infection: Bacterial infections can compromise the integrity of the wound, leading to dehiscence.
o Inadequate Wound Healing: Factors like poor nutritional status, diabetes, or corticosteroid use can impair

wound healing.
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o Increased Intra-abdominal Pressure: Conditions such as coughing, vomiting, or straining can put undue
pressure on the surgical site.

o Technical Issues: Poor surgical technique or inadequate suturing may contribute to the risk of dehiscence.
o Tension on Wound Edges: Excessive tension on the wound edges during closure can lead to separation.
Clinical Presentation (35):

o Superficial Dehiscence ( partial ) : Separation of the skin and subcutaneous tissue, often associated with
serous or purulent discharge.

o Deep Dehiscence ( complete ) : Involves deeper tissues including fascia and may result in exposure of
underlying structures. It may present with significant drainage, pain, and potential protrusion of internal organs.

Diagnosis (36):
o Clinical Examination: Visual inspection of the wound and palpation to assess depth and extent of separation.
o Imaging: Ultrasound or CT scans may be used to evaluate the extent of dehiscence and rule out underlying

abscesses or other complications.
Management and Prevention

Effective management of wound dehiscence is achieved through a combination of preventive measures and therapeutic
interventions (37).

Preoperative Planning:

Patient optimization is prioritized to ensure that individuals are in the best possible condition before surgery. This
involves addressing nutritional deficiencies and managing chronic health conditions. A standardized surgical
technique is adhered to, which includes meticulous tissue handling, appropriate closure methods, and thorough
hemostasis (38).

Postoperative Care:

Wound monitoring is conducted regularly to identify signs of dehiscence, infection, or other complications early. This
enables timely intervention. Wound management strategies are implemented, including the use of antibiotics and
dressings, to support healing and prevent further complications (38).

Follow-Up:

Reevaluation visits are performed to monitor wound healing and address any issues promptly. This may involve
additional surgical interventions if necessary (39).
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