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Abstract
BACKGROUND
Meckel’s diverticulum is a common asymptomatic congenital gastrointestinal anomaly. However, its presentation as an inverted Meckel's diverticulum is a rare complication, of which few cases have been reported in the literature.

CASE SUMMARY
Here, we report the case of a 33-year-old man with iron deficiency anemia without manifestation of gastrointestinal bleeding. An upper gastrointestinal endoscopy and total colonoscopy were performed, but no abnormalities were found within the observed area. Finally, a capsule endoscopy was performed and offered us a clue to subsequently confirm the diagnosis of inverted Meckel's diverticulum via computed tomography scan. Laparoscopic intestinal resection surgery was performed. The final pathology report described a Meckel’s diverticulum.

CONCLUSION
Since inverted Meckel's diverticulum is an uncommon disease and its clinical presentation is not specific, it may go undetected by capsule endoscopy. Successful diagnosis and treatment of this disease requires a high index of clinical suspicion. 
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Core Tip: Inverted Meckel’s diverticulum is an uncommon disease with a wide spectrum of accompanying nonspecific symptoms. We present, here, a case of iron deficiency anemia with negative endoscopic study, in which capsule endoscopy played a key role in confirming the diagnosis. Since inverted Meckel's diverticulum is an uncommon disease with few cases described in the literature, this report aims to contribute more information concerning the clinical characteristics as well as radiological and capsule endoscopy findings of inverted Meckel’s diverticulum that can help clinicians make the correct diagnosis.



INTRODUCTION
Meckel’s diverticulum is a common congenital gastrointestinal anomaly which is a remanent of the omphalomesenteric duct[1]. It is often within 100 cm of the ileocecal valve and located in the antimesenteric surface of the ileum[2]. According to autopsy studies, this condition is found in 0.3%-2% of the general population[3,4]. 
Patients with Meckel’s diverticulum are usually asymptomatic. However, up to 6.4% develop complications that require surgery[5]. The most common complications are gastrointestinal bleeding in association with ectopic gastric and/or pancreatic mucosa, intestinal obstruction, intussusceptions, diverticulitis or volvulus. The inversion of Meckel’s diverticulum is a rare complication with a pathophysiology not clearly understood, that can be a clinical challenge given its diagnostic difficulty. Moreover, the clinical presentation is nonspecific, the most frequent mode of presentation being intussusception, abdominal pain, anemia or gastrointestinal bleeding[6].
Although Meckel’s diverticulum is the most common congenital anomaly of the small bowel, inversion or invagination of the diverticulum is a rare occurrence. To date, there are only around 100 cases in the literature that demonstrate the presence of inverted Meckel’s diverticulum. 
Herein, we present the case of iron deficiency anemia without manifestation of gastrointestinal bleeding, in which capsule endoscopy played a key role in the final diagnosis of inverted Meckel's diverticulum.

CASE PRESENTATION
Chief complaints
A 33-year-old male with no significant medical history presented to the emergency room with progressive weakness, easy fatigability and headache. He had no evidence of lower or upper gastrointestinal bleeding and he reported no abdominal pain, nausea, vomiting, anorexia, fever or weight loss.

History of present illness
The patient’s symptoms started 3 wk prior and had worsened over the last 4 d. 

History of past illness
There was no significant medical history.

Personal and family history
There was no significant medical history.

Physical examination
In the emergency room, the patient was clinically stable, with a normal temperature (36.7 °C). The patient exhibited an oxygen saturation level of 97% while he was breathing ambient air. His blood pressure was 102/61 mmHg and his heart rate was 91 beats per minute. The patient was awake, alert, and fully oriented. Physical examination revealed signs of pallor and an absence of lymphadenopathy, hepatosplenomegaly, bone tenderness or jaundice. Examination of the rectum revealed a few external hemorrhoids, but there was no blood or melena in the rectal vault; there were no skin tags, fissures or palpable masses.

Laboratory examinations
The initial laboratory findings showed low hemoglobin levels (7 g/dL), a white blood cell count of 11250 per mm3, a platelet count of 221000 per mm3 and a C-reactive protein of 1.31 mg/dL. Two pints of packed red blood cells were therefore transfused and the patient was admitted to the gastroenterology department. Electrocardiography (ECG) showed sinus rhythm at 93 beats per minute and the results of the patient’s chest radiography were normal.
The patient’s next blood test, showed a mean corpuscular volume of 72.5 fl, a mean corpuscular hemoglobin of 25.6 pg, and a reticulocyte count of 1%. The patient’s iron level was 38 μg/dL, his ferritin level was 17 ng/mL, and his transferrin saturation was 9%. The hemolysis study was negative. Hence, the patient’s anemia was classified as iron deficiency anemia. 

Imaging examinations
During this period, an upper gastrointestinal endoscopy and a colonoscopy were performed to study the patient’s anemia. The colonoscopy revealed internal hemorrhoids without any other relevant findings while the upper gastrointestinal endoscopy showed no abnormalities. The patient remained stable and was discharged and the study was completed on an outpatient basis with oral iron treatment.
During his visit to the outpatient clinic 3 wk later, the patient remained anemic, with a hemoglobin level of 8.8 g/dL. The anemia study was completed with a capsule endoscopy, which revealed a lifted erosion and mild bulge in the ileum of approximately 8-9 mm in size (Figure 1). These findings of appearance of a subepithelial bulge in the ileum suggested an inverted Meckel diverticulum. Normal intestinal mucosa was seen on the surface of the tumor with a longer small intestine transit time suggestive of Meckel’s diverticulum. A technetium-99m pertechnetate radioisotope scintigraphy (Meckel’s scan) was performed and was negative. The patient subsequently underwent an ultrasound examination, which revealed no pathological findings. Finally, an abdominal computed tomography (CT) was performed and showed a central area of fat attenuation surrounded by a thick collar of soft tissue attenuation (Figure 2) suggestive of inverted Meckel’s diverticulum.

FINAL DIAGNOSIS
The patient was diagnosed with an inverted Meckel’s diverticulum and underwent a laparoscopic surgery. A large intraluminal polyp-like mass in the mid-ileum was observed. The remainder of the small bowel was normal to the level of the ligament of Treitz. A segmentary resection of the small bowel with adequate margin was performed and side-to-side anastomosis was carried out using a stapling device.
On gross examination, the specimen consisted of a segmental resection of the small bowel of 8 cm × 4 cm × 2.6 cm with a sausage-shaped polypoid lesion.
Histological examination (Figure 3) showed a polypoid lesion, with a central fatty and collagenous core lined with an intestinal type mucosa. A central area of ulceration was seen, with no presence of gastric or pancreatic heterotopia. The final pathology report described a Meckel’s diverticulum. 

TREATMENT
The patient was diagnosed with an inverted Meckel’s diverticulum and underwent a laparoscopic surgery. A large intraluminal polyp-like mass in the mid-ileum was observed. The remainder of the small bowel was normal to the level of the ligament of Treitz. A segmentary resection of the small bowel with adequate margin was performed and side-to-side anastomosis was carried out using a stapling device.

OUTCOME AND FOLLOW-UP
The patient had an uneventful postoperative course and was discharged 4 d after surgery.

DISCUSSION
Meckel’s diverticulum is the most common congenital anomaly in the gastrointestinal tract[1] and is often incidentally discovered during evaluations performed for other reasons, as it is usually an asymptomatic condition. However, complications can occur in up to 6.4% of patients[7]. These are more frequent in the pediatric population and mainly involve bowel obstruction with or without intussusception, gastrointestinal hemorrhage, diverticulitis and inflammation, and Littre hernia (hernia involving the bowel segment bearing Meckel's)[4,7].
Inverted Meckel’s diverticulum is an unusual condition that is not yet clearly understood and there are no more than 100 cases reported in literature. 
It has been proposed that the mechanism that could produce the inversion is an abnormal peristaltic movement around an ulceration or ectopic tissue. Nevertheless, no ectopic tissue was found in 41% of patients with inverted Meckel’s diverticulum[6]. In this regard, tc-99m pertechnetate scintigraphy can help detect ectopic gastric mucosa and has been used for years as a diagnostic method for Meckel's diverticulum, especially in children, with a sensitivity of 92.1% and a specificity of 95.4%[8]. In adults, the sensitivity of this method is significantly less (54%)[9]. No cases of diagnosis of inverted Meckel's diverticulum by scintigraphy have been described, while there is only 1 case with gastric and pancreatic mucosa in the histopathological sample where the scintigraphy was negative[10]. Our patient’s scintigraphy was negative. Therefore, this suggests that a negative scan does not preclude the presence of ectopic mucosa and the diagnosis of possible inverted Meckel’s diverticulum.
This inversion of the Meckel’s diverticulum can lead to a complete intussusception of the bowel or compromise blood flow to that bowel, ulceration and then gastrointestinal bleeding. The bleeding can also be explained by repetitive mechanical trauma to the mucosa from the reversible intussusception.
As in our patient, anemia or gastrointestinal bleeding are the most frequent clinical manifestations, found in up to 80% of patients[6]. This usually leads to an upper and lower gastrointestinal endoscopy, where the cause of the bleeding cannot be found.
Other clinical manifestations which can occur are abdominal pain (68%) and intussusception (39%). The median age of presentation is 27.7 years, younger than that reported for Meckel’s diverticulum, which has been 33, with a male to female ratio of approximately 2.33:1[6].
Regarding the diagnostic tools, abdominal ultrasonography can contribute to the diagnosis, but often shows nonspecific findings such as thickened intestinal wall, fluid fille target or distended loops of bowel[11,12]. In our case, abdominal ultrasonography revealed no pathological findings.
One of the most useful tools is a CT scan. It usually shows a thickened small intestinal wall, with an elongated, intraluminal, fat-attenuating lesion[13], as in our case. In the case of intussusceptions, a CT scan is especially useful as it can reveal the characteristic “target sign”. Inverted Meckel’s diverticulum is sometimes confused with a lipoma on CT scans because it also consists of macroscopic fatty tissue. However, in most cases, abdominal CT scans provide useful information for the diagnosis and treatment of inverted Meckel's diverticulum[6].
Capsule endoscopy has recently been considered a useful diagnostic tool for diagnosing Meckel’s diverticulum[9,14,15]. However, the role of capsule endoscopy in the identification of Meckel’s diverticulum is not yet clear, with only a few case reports and case series available. Furthermore, in the case of inverted Meckel's diverticulum, the information is very limited, represented by only 2 case reports[16,17]. The capsule findings compatible with inverted Meckel's diverticulum were described as an elevated lesion with normal mucosa[16] or as pedunculated polyp[17].
In our case, the capsule endoscopy images were similar (a subepithelial protruding lesion in the ileum with the presence of blood, hematin, ulcer or erosion) and offered us a clue to subsequently confirm the diagnosis of inverted Meckel's diverticulum. In addition, the clinical suspicion due to the clinical characteristics (such as the fact that the patient was a young man with anemia) and a negative endoscopic study was of great importance for the diagnosis of inverted Meckel's diverticulum.
Regarding the risk of possible intestinal obstruction of the endoscopic capsule due to Meckel's diverticulum, no events have been described.
Surgery is the treatment of choice for symptomatic Meckel’s diverticulum. The general consensus is that it should be treated with resection. In the case of asymptomatic Meckel’s diverticulum, there is some debate. Resection is generally recommended for patients younger than 40-years-old, with diverticulum longer than 2 cm, diverticula with narrow necks, fibrous bands, and/or ectopic gastric tissue, and/or when the diverticulum appears thickened and inflamed[4,6,18].
It is important to note that in cases of anemia without abdominal pain, like that of our patient, it may take a long time for the patient to be diagnosed with inverted Meckel’s diverticulum, given that it is an unusual condition with a nonspecific clinical presentation. Capsule endoscopy is usually performed in those patients with anemia with a normal upper and lower gastrointestinal endoscopy. However, if clinicians are unaware of the characteristics of this lesion, it may go undetected since it is an uncommon disease. Therefore, this report aims to contribute more information concerning the clinical characteristics, radiological findings and especially, the capsule endoscopy findings of inverted Meckel’s diverticulum that can help clinicians suspect that this disease is present and enable them to establish a definitive diagnosis.

CONCLUSION
To date, inverted Meckel's diverticulum is a pathology that is still not completely well known, with few cases described in the literature. Its clinical presentation is not specific, its most frequent symptoms being anemia or lower gastrointestinal bleeding. Patients are often given an upper and lower gastrointestinal endoscopy which reveals no abnormalities and a subsequent capsule endoscopy. Therefore, increased awareness of the disease and a greater understanding of the features of this lesion in capsule endoscopy findings could ultimately help clinicians make the correct diagnosis.
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Figure Legends
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Figure 1 Capsule endoscopy with protruding lesion. A: Capsule endoscopy with protruding lesion, with a depressed erosion at the tip suggestive of Meckel’s diverticulum; B: Capsule endoscopy with protruding lesion suggestive of Meckel’s diverticulum.
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Figure 2 Abdominal computed tomography scan revealed a central area of fat attenuation surrounded by a thick collar of soft tissue attenuation suggestive of Meckel’s diverticulum. 
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Figure 3 Low power histologic examination of a polypoid lesion lined by an intestinal type mucosa with a central ulcerated area. No gastric or pancreatic heterotopic tissue can be found. 
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