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Abstract
BACKGROUND
Meckel’s diverticulum is a common congenital malformation of the small intestine, with the three most common complications being obstruction, perforation, and inflammation. To date, only a few cases have been reported worldwide. In children, the clinical symptoms are similar to appendicitis. As most of the imaging features are nonspecific, the preoperative diagnosis is not precise. In addition, the clinical characteristics are highly similar to pediatric acute appendicitis, thus special attention is necessary to distinguish Meckel’s diverticulum from pediatric appendicitis. Patients with poor disease control should undergo laparoscopic exploration to avoid serious complications, including intestinal necrosis, intestinal perforation and gastrointestinal bleeding.

CASE SUMMARY
This report presents three cases of appendicitis in children combined with intestinal obstruction, which was caused by fibrous bands (ligaments) arising from the top part of Meckel's diverticulum, diverticular perforation, and diverticular inflammation. All three patients, aged 11-12 years, had acute appendicitis as their initial clinical presentation. All were treated by laparoscopic surgery with a favorable outcome. A complete dataset including clinical presentation, diagnostic imaging, surgical information, and histopathologic findings was also provided.

CONCLUSION
Preoperative diagnosis of Meckel’s diverticulum and its complications is challenging because its clinical signs and complications are similar to those of appendicitis in children. Laparoscopy combined with laparotomy is useful for diagnosis and treatment.
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Core Tip: Meckel's diverticulum is a congenital disorder with abnormal development of the gastrointestinal tract, which is easily confused with the clinical manifestations of acute abdominal conditions in children. We report three cases of acute appendicitis combined with Meckel's diverticulum causing obstruction, perforation, and inflammation. This disease is rare and is easily confused with appendicitis. In Meckel's diverticulum, laparoscopic surgery can diagnose and resolve the disorder. The differential diagnosis of acute appendicitis in children is of high educational and clinical importance.

INTRODUCTION
Meckel’s diverticulum is the most common congenital malformation of the gastrointestinal tract, occurring in 2% of the total population, with major complications including inflammation, intestinal obstruction, and perforation[1]. Patients often become symptomatic in the first decade of life with an average age of 2.5 years[2]. According to one of the largest databases of children with symptomatic Meckel's diverticulum, only 2% are symptomatic, and of these, 60% present with obstruction and 8% with inflammation[3]. The most common presentation in childhood is gastrointestinal bleeding followed by intestinal obstruction. Symptoms associated with diverticula have been reported in approximately 50% of cases[4]. Small bowel obstruction caused by ligaments (fibrous bands) originating from Meckel's diverticulum is very rare[5]. It is easily confused with acute abdomen such as acute appendicitis in children, which is difficult to recognize on imaging. Recent studies have shown that Meckel's diverticulum is difficult to diagnose[6]. A case of Meckel's diverticulum combined with appendicitis in an adult was recently reported[7]. Recent neonatal case reports have also demonstrated that symptomatic Meckel's diverticulum is usually secondary to intestinal disorders such as intestinal obstruction, and therefore can be easily confused with an acute abdomen[8]. The diagnosis of Meckel's diverticulum-related diseases is often challenging, and imaging plays an important role in the timely recognition and differentiation of other common diseases that may have similar clinical presentations[9].
The cases reported here include a comprehensive dataset of the clinical course, diagnostic imaging, histopathologic description, and surgical information. This report will provide physicians with valuable experience in the diagnosis and treatment of acute abdomen in children. 

CASE PRESENTATION
Chief complaints
Case 1: The patient had abdominal pain for 3 d, which was aggravated for 3 h.

Case 2: The patient had abdominal pain for 8 h.

Case 3: The patient had abdominal pain for 3 d.

History of present illness
Case 1: The boy who was 12 years old was admitted to hospital due to spasmodic intermittent abdominal pain of 3 d duration which was aggravated for 3 h, accompanied by nausea and vomiting of gastric contents.

Case 2: The 11-year-old boy was admitted to hospital due to paroxysmal abdominal cramps for 8 h, accompanied by nausea and vomiting of gastric contents. The child was febrile with a maximum temperature of 38.9°C.

Case 3: The 12-year-old boy was admitted to hospital due to paroxysmal abdominal pain for 3 d accompanied by nausea and vomiting of gastric contents. The child did not have a fever. 

History of past illness
The 3 patients had no relevant history of past illness.

Personal and family history
The 3 patients had no relevant personal or family history.

Physical examination
Case 1: The child's abdomen was flat, with slightly tense abdominal muscles, marked pressure in the right lower abdomen and around the umbilicus, and rebound pain.

Case 2: The child had a flat abdomen, slightly tense abdominal muscles, and right lower abdominal pressure without significant rebound pain.

Case 3: The child's abdomen was flat, with soft abdominal muscles, marked periumbilical pressure, and mild right lower abdominal pressure without rebound pain.

Laboratory examinations
Case 1: Routine blood tests showed the following: white blood cell (WBC) count: 12.1  109/L, C-reactive protein (CRP): 30 mg/L, and granulocyte (GRAN): 91.2%.

Case 2: Routine blood tests showed the following: WBC: 13.02  109/L, CRP: 48 mg/L, and GRAN: 89.2%.

Case 3: Routine blood tests showed the following: WBC: 12.03  109/L, CRP: 33.9 mg/L, and GRAN: 81.5%.

Imaging examinations
Case 1: Abdominal computed tomography (CT) revealed suspected appendicitis; blurred and cloudy localized fat spaces in the abdominal cavity; part of the intestinal tract was pneumatized and dilated. Appendix ultrasound suggested intestinal dilatation, and appendicitis was suspected.

Case 2: Abdominal CT indicated suspected appendicitis; blurred and cloudy localized fat spaces in the abdominal cavity; part of the intestinal tract was pneumatized and dilated. Appendix ultrasound suggested possible appendicitis.

Case 3: Abdominal CT indicated that part of the small intestine was dilated and pneumatized, but there was no gas-liquid plane shadow. This suggested possible appendicitis or incomplete intestinal obstruction. Appendix ultrasound showed intestinal dilatation, right lower abdomen, interintestinal fluid (the deepest about 1.3 cm), suggesting possible appendicitis.

FINAL DIAGNOSIS
Case 1: Meckel's diverticulum, acute appendicitis, and intestinal obstruction.

Case 2: Perforation of Meckel's diverticulum, and acute appendicitis.

Case 3: Meckel's diverticulum inflammation, and acute appendicitis.

TREATMENT
Case 1: After 24 h of cephalosporin anti-infective treatment, the child's abdominal distension worsened and after communication with his family, laparoscopic exploration was performed. Intraoperative exploration showed serious intestinal tube distension, and the field of view was seriously obstructed. A 10 mL syringe was used for intestinal decompression, 5 min later, the field of view gradually cleared and a large amount of yellow liquid was seen in the abdominal cavity. Approximately 200 mL of the fluid was aspirated and examination revealed that 100 cm of the ileocecal value was compressed, and a 4 cm  3 cm  2 cm diverticulum was seen. The diverticulum was located at the top of the posterior wall of the peritoneum and a mesodiverticular band (Figure 1A) was visible, which was compressing part of the small bowel canal, resulting in strangulation of several bowel segments. No ischemia or small bowel necrosis was observed. Simultaneous exploration of the appendix revealed an enlarged, mildly edematous appendiceal end without suppuration or perforation. Therefore, the appendix was resected, the mesodiverticular band was secured distally with HemoLock clips, and was then severed by fine electrosurgical dissection, thereby releasing the obstructed intestinal collaterals (Meckel's diverticulum, Figure 1B) and the proximal diverticulum apical to the mesodiverticular band was marked. The labeled Meckel's diverticulum intestinal segment (Figure 1C) was completely removed from the intestinal lumen by an umbilical laparoscopic incision, the supplying vessels were ligated, and the intestinal canal was wedged and anastomosed.

Case 2: A laparoscopic appendectomy was planned for this patient. Intraoperative exploration showed yellow pus in the pelvic cavity, approximately 20 mL was aspirated, the small intestine in the lower abdomen was adhered into a mass, and there was a large amount of pus attached to the intestinal wall, After placing the trocar, separating the large omentum and adherent intestinal wall, a huge diverticulum was seen in the opposite edge of the mesentery of the small intestinal wall 100 cm from the ileocecal region, which was approximately 3 cm  3 cm in size, with more pus on the surface (Figure 2A), and a perforation could be seen at the root of the diverticulum, connecting with the surface of the small intestinal tract. Congestion and edema were obvious. Continued examination of the small bowel for 2 m revealed no other lesions. The appendix was also explored and found to be elongated, with a congested and edematous surface, no pus or perforation was observed. Therefore, the appendix was removed and the perforated diverticulum was marked. The umbilicus was extended downward by a 1-cm incision, and the labeled Meckel's diverticulum was completely raised from the umbilical laparoscopic incision, and the mesentery of the small intestine was cut 5 cm from the root of the diverticulum on both sides, and after cutting the intestinal tubes, the incised mesentery of the small intestine was closed with sutures. The Meckel's diverticulum was completely resected (Figure 2B), and the incision revealed a large amount of pus attached to it (Figure 2C).

Case 3: A laparoscopic appendectomy was planned for this patient. Intraoperative exploration showed that the ileocecum was located above the iliac fossa, the ileocecal intestinal tube was adhered to the iliac fossa, and the appendix was wrapped by the ileocecal intestinal tube and the greater omentum. Separation of the greater omentum and adherent intestinal wall, adherent intestinal tubes and the omentum was carried out, and the appendix was seen to be enlarged and congested, with no sepsis or perforation observed. Therefore, the appendix was removed. The ileocecal intestinal canal was explored proximally from the ileocecal region, and a diverticulum-like protrusion was seen at the opposite edge of the mesentery approximately 100 cm from the ileocecal region, with redness and swelling at the end of the diverticulum (Figure 3A), thickening, and no signs of sepsis, and the end was attached to the umbilicus (Figure 3B). Meckel's diverticulum was considered. The end was severed from the umbilicus with a fine electrosurgical knife. The incision was extended 1 cm downward from the umbilicus, and the intestinal segment of Meckel's diverticulum was completely raised into the intestinal lumen from the umbilical laparoscopic incision (Figure 3C), the supplying vessels were ligated, and the intestinal tubes were wedged and anastomosed.

OUTCOME AND FOLLOW-UP
Case 1: The histopathologic specimen showed chronic inflammation of intestinal mucosa, accompanied by multifocal lymphoid hyperplasia and lymphoid follicle formation. The local mucosal lamina propria showed hemorrhage, and the submucosal layer was loose and edematous, which was consistent with the changes of Meckel's diverticulum; the tubular tissues were congested blood vessels.

Case 2: The histopathologic specimen showed inflammation of the intestinal mucosa with perforation, laxity, and edema of the submucosa, consistent with Meckel's diverticulum.

Case 3: The histopathologic specimen was consistent with inflammatory changes of Meckel's diverticulum. All three pediatric patients recovered uneventfully after laparoscopy, and histopathologic examination of the appendix confirmed acute simple appendicitis and histopathologic examination of the diverticulum confirmed Meckel's diverticulum. The inflammatory indices of WBC, CRP, and GARN showed a linear decreasing trend (Figure 4), and all three patients were discharged from the hospital in good health on the 7th postoperative day.

DISCUSSION
Johann Frederick Merkel first described Meckel’s diverticulum as a congenital anomaly. It is caused by incomplete occlusion of the most recent portion of the vitelline duct or umbilical mesenteric duct[10]. Meckel's diverticulum is a remnant of the embryonic vitelline duct connecting the fetal intestine to the yolk sac, which usually degenerates between the fifth and seventh weeks of gestation. Meckel's diverticulum is the most prevalent congenital anomaly of the gastrointestinal tract with an incidence of 2%[11]. Patients are generally asymptomatic, with symptoms reported in 4%-7% of cases[12]. Almost half of children with Meckel's diverticulum present with symptoms of rectal bleeding or intussusception before the age of 2 years[1]. However, it is difficult to make a definitive diagnosis before surgery. Laparoscopy has also been reported to be a diagnostic tool in symptomatic cases of Meckel's diverticulum[10]. All three of their patients presented with total peritonitis and therefore emergency surgery was performed to confirm the diagnosis. 
Intestinal obstruction caused by Meckel's diverticulum occurs via different mechanisms such as intussusception, intestinal torsion, abdominal wall hernia, Meckel's diverticulitis (Figure 3A), entrapment of intestinal collaterals below the mid-diverticular band (Figure 1A), diverticular stones, ileal collaterals trapped by bands extending between Meckel's diverticulum and the base of the mesentery, vegetative fecal stone formation, gallstone intestinal obstruction, and obstruction related to a diverticulum may behave similar to obstructions of other origins in the small bowel[4]. Intestinal obstruction caused by diverticular fibrous bands is extremely rare. The yolk sac is supplied by two arteries. If one of the two arteries of the yolk sac does not degenerate, this artery forms a fibrous band that covers the greater omentum or diverticulum (ligament). These fibrous bands usually extend from the apical level of Meckel's diverticulum to the posterior wall of the abdomen and cause intestinal obstruction[5]. At the same time, in our case, the above occurred.
Cases of perforated Meckel's diverticulum with subsequent abscess formation have been found in adults[13], but rarely in children[3]. These rare cases of perforation led us to suspect the presence of Meckel's diverticulum in our patient[5]. Our case is unique as it is one of the few case reports.
With regard to treatment, recent reports have shown that laparoscopic-assisted surgery, including even single-incision laparoscopic-assisted surgery, is feasible in children with symptomatic Meckel's diverticulum[14]. If diagnosed promptly, Meckel's diverticulum has a favorable prognosis with a mortality rate of only 1%[5]. In the present case, we performed laparoscopic surgery and as the lesion was small enough to pass through the umbilical incision, we were able to remove the lesion intact while making the incision relatively aesthetically pleasing, thus achieving a satisfactory outcome for the child's family.
There are few cases of Meckel's diverticulum combined with appendicitis in pediatric patients; therefore, there is little accurate knowledge of the age of onset in children. CT and magnetic resonance small bowel imaging or endoscopic techniques are likely to be the mainstay of Meckel’s diverticulum diagnosis in the future[15].

CONCLUSION
In children, appendicitis and Meckel's diverticulum had similar clinical manifestations, which is particularly evident when complications of Meckel's diverticulum occur. Pediatric clinicians should be aware of the distinction between these two disorders.
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Figure Legends
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Figure 1 Child 1. A: Intestinal obstruction caused by compression of the mesodiverticular band (blue arrow); B: After disconnecting the mesodiverticular band; C: Meckel's diverticulum.
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Figure 2 Child 2. A: Diverticulum wrapped in pus (blue arrow); B: Meckel's diverticulum; C: A large amount of pus in Diverticulum.
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Figure 3 Child 3. A: Meckel's diverticulum inflammation, edema; B: Schematic diagram of the connection between the diverticulum and umbilical; C: Meckel's diverticulum.
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Figure 4 Changes in inflammatory indices in 3 patients. A: Changes in white blood cell before and after surgery in three children; B: Changes in C-reactive protein before and after surgery in three children; C: Granulocyte changes before and after surgery in three children. WBC: White blood cell; CRP: C-reactive protein; GRAN: Granulocyte.
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