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Dual-phase computed tomography
angiography of intestinal carcinoid tumor
as a lead point for cecocolic intussusception
in a dog
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ABSTRACT. In an 8-year-old Labrador Retriever with progressive anorexia, constipation, and
depression, CT revealed intussusception of the cecum into the ascending colon and a small cecal
mass showing strong enhancement on arterial phase. The ileocecocolic junction was surgically
resected and histologically diagnosed as cecocolic intussusception with carcinoid tumor. The
carcinoid tumor worked as a lead point of intussusception in this case. Dual phasic CT is useful to
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An eight-year-old male Labrador Retriever was presented with progressive anorexia, constipation, diarrhea, and depression for
7 days. Intermittent discomfort during abdominal palpation was notable. On blood examination, serum lipase level (5,463 U/,
reference range, 200—1,800 U//) and the C-reactive protein level (30 mg//; reference range, 0-20 mg//) were increased.

There was no remarkable finding on abdominal radiography. Abdominal ultrasonography revealed an intussusception and
indistinctive wall layers of the intestinal segment proximal to the intussusception (Fig. 1). Invagination of the distal ileum into
the proximal colon with focal necrosis or severe inflammation was suspected. Color Doppler application and scrutinization of
the lesion including the extent and characteristics was impossible because of shadowing artifact of the intraluminal gas and the
patient’s rapid breathing.

Computed tomography (CT) was performed using a 16-row multi-detector CT scanner (Siemens Emotion 16, Siemens,
Forchheim, Germany) with the following settings: slice thickness=2 mm; pitch=0.8; rotation duration=600 msec; tube
voltage=130 kV; and tube current=110 mA. Dynamic CT was performed to investigate the presence of a lead point and other
lesion. A test bolus scan was conducted at the level of the intussusception, where the cranial mesenteric artery and cranial
mesenteric vein were well-visualized together, after injection of 150 mgl/kg iohexol (300 mgl/m/; Omnipaque 300, GE Healthcare,
Oslo, Norway) at a rate of 4.5 ml/sec. Based on the time to attenuation curves, arterial phase scan delay was set as the time to
15% of the peak enhancement of the cranial mesenteric artery and venous scan delay was determined as the time to maintain peak
enhancement of the cranial mesenteric vein. Dual-phase CT was then performed after injection of 600 mgl/kg iohexol with the
power injector (MEDRAD Vistron CT injection system, Medrad, PA, U.S.A.) at 4.5 m//sec. The CT images were reconstructed
using soft kernel, 1.5 mm of slice thickness, 1 mm increment and viewed using soft tissue window (window level=40 HU, window
width=400 HU).

On CT images, a crescent-shaped tubular structure, cecum, was invaginated into the ascending colon and normal ileocolic
junction was observed separately (Fig. 2). On arterial phase, the outer layer of the cecum was strongly enhanced (306 HU)
compared with the inner layer (60-70 HU). A small mass (7.5 x 8 mm) with smooth and discrete margin was markedly enhanced
(310 HU) within the inner layer of the cecum. On venous phase images, the attenuation of the cecal mass was decreased (120 HU)
and the cecal mass became less distinguishable from the intestinal wall (50-60 HU). The mesenteric lymph nodes adjacent to the
cecal mass were enlarged as 15 x 10 and 10 x 7 mm with oval shape. They were suspected to have reactive change or metastasis.
Adipose tissue adjacent to the intestinal lesion looked normal without fat stranding or neovascularization. Pulmonary metastasis
was not suspected. On exploratory laparotomy, the ileocolic junction looked dark red and the cecum was located within the dilated
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Fig. 1. On transverse (A) and longitudinal (B) ultrasonography, the concentric ring sign and multi-layered pattern was identified
around the distal part of the ileum and continuous with the proximal colon. Focal hypoechoic lesion (asterisk) was observed
within the intussusceptum (arrows). Intussusception of the distal ileum into the proximal colon and edematous change of the
vaginated ileum was suspected.

Fig. 2. Transverse (A, C-E) and dorsally reformatted (B) soft tissue-window CT images of the dog. On pre-contrast images
(A—C), normal ileocolic junction (white arrow) was observed, and the invaginated cecum (white asterisk) was observed in the
proximal colon by intraluminal gas. On arterial phase (D), a small mass (black asterisk) with smooth and discrete margins was
homogenously enhanced within the inner layer of the cecum. On venous phase (E), the mass became less enhanced. A tortuous
linear line (arrowheads) ran medial to the mass and inner layer of the cecal wall.
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Fig. 3. Gross findings. On the longitudinal cut surface of the ileocolic junction (A), whole cecum segment was protruded from
the cecocolic orifice and located inside the lumen of the proximal colon. The mucosa and serosa of the cecum were completely
inverted. On the perpendicularly cut surface of the cecum (B), the 7.5 x 8 mm sized, round and dark brown-colored tumor (arrow)
was located within the moderately thickened muscularis layer of the cecum. On the cut surface of the colon (C), the mucus was
edematous and mildly thickened.

ascending colon. After ileocecocolic junction resection, end-to-end anastomosis was performed. The dog showed uneventful
recovery from anesthesia. Constipation and diarrhea disappeared after 5 days.

In gross examination, the mucosa and serosa of the cecum were inverted completely such that the mucosa of the cecum and
colon abutted each other (Fig. 3). On the perpendicularly cut surface of the cecum, the 7.5 x 8§ mm sized, round and dark brown-
colored tumor was located within the moderately thickened muscularis layer of the cecum at the mid portion. On microscopic
examination and immunohistochemical examination, the tumor was diagnosed as carcinoid tumor. Dilated veins and lymphatic
vessels were found within the mildly thickened mucosa and submucosa of the cecum, which was indicative of congestion and
edema. There was no severe inflammation, ischemia, or necrosis of the intestinal wall. Hence, the lesion was diagnosed as lead
point intussusception with a gastrointestinal carcinoid tumor.

Lead point intussusception is defined when any anatomical change of the intestine acts as a lead point to trigger the
intussusception. In humans, lead point intussusception is mostly caused by neoplasia of the gastrointestinal tract, including
malignant tumors such as adenocarcinoma, leiomyosarcoma, lymphoma, and metastatic tumors, and benign tumors such as lipoma,
adenomatous polyp, Meckel’s diverticulum, leiomyoma, and gastrointestinal stromal tumors [13, 17, 21, 27, 32]. Due to the
underlying causes, most intussusceptions, which occurs in adults, are lead point intussusception in humans [18, 27]. In veterinary
medicine, to the best of our knowledge, only 15 dogs with lead point intussusception were reported. Most dogs with lead point
intussusception were mid- to old-aged dogs, and are associated with gastrointestinal tumors including leiomyoma, leiomyosarcoma,
lymphoma, mesenteric cyst, mast cell tumor, and schwannoma [1, 14, 15, 20, 25, 26, 33]. In only two young dogs with lead point
intussusception, congenital mesenteric cysts functioned as the lead points [2, 14].

Ultrasonography is useful for detecting the intussusception, and assessing the degree of intestinal obstruction and swelling
or loss of the layer of the intestinal wall [19, 24]. However, the accuracy of ultrasonography in localizing intestinal segments
associated with intussusception is only 50% compared with that of surgical findings [14]. Moreover, ultrasonography has the low
sensitivity (25%) for visualizing a lead point [12]. Among 8 human patients with lead point intussusception, only two lead points
(lymphoma and intestinal duplication) were diagnosed using ultrasonography. Moreover, the gastrointestinal carcinoid tumor is
usually small as lesser than 2 cm in human thus detection of the gastrointestinal carcinoid tumor is very low on ultrasonography
[8, 10, 16]. In veterinary literature, the gastrointestinal carcinoid tumors in dogs were larger than human, from 1 to 15 cm, and have
nonspecific ultrasonographic features including loss of layering, ulcer and thickening of the wall and decreased motility [24]. There
was no description about the blood signal of the carcinoid tumor in the previous reports. In our case, ileocolic intussusception was
misdiagnosed and the lead point was not detected on ultrasonography because intraluminal gas obscured the small carcinoid tumor.

CT study can determine the presence and types of underlying causes or lead points, with 58—100% sensitivity and 57-71%
specificity [3, 4, 30]. CT allows to evaluate the location of intussusception, extent of intestinal segments involved, impairment
of mesenteric vessels, and involvement of mesenteric fat or lymph nodes. CT is also utilized for tumor staging in patients with
malignant lead points [6, 7, 31]. Only one study about serial changes in CT features of experimentally induced small intestinal
intussusception has been reported in dogs [11]. The intussusception was noted as the target mass with a mixture of high and
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low attenuated band-like areas at the early stage, severely thickened bowel wall with less obvious layers at the mid-stage, and

the amorphous mass with varied density and loss of wall layers at the late stage. In our case, the intussusception appeared as a
target mass with a mixture of multiple band-like appearances and the cecal wall was moderately thickened with distinct layering.
Based on the CT findings, this dog was considered as early stage of intussusception with concurrent intestinal edema. This finding
was compatible with the pathological findings of edematous mucosa, submucosa, and muscularis layer of the cecum with mild
inflammation without any evidence of ischemia, severe inflammation, or necrosis.

CT also detected gastrointestinal carcinoid tumor as a lead point in our case. The carcinoid tumor originated from well-
differentiated neuroendocrine cells arising from the mucosa or submucosa of the intestinal wall [8, 10, 16, 23, 29]. Gastrointestinal
carcinoids are rarely reported in dogs and the size of the tumor varies from 1-15 cm [9, 22, 28]. Although the cecal carcinoid tumor
in this dog was small (8 mm), the tumor was distinguished from the surrounding cecal wall by markedly enhanced pattern on the
arterial phase. This typical CT pattern of carcinoid tumors is characterized by high vascularization [5, 16]. Contrast enhancement
patterns of most gastrointestinal tumors vary and overlap with each other; thus they are non-specific [34]. However, in our case, the
dynamic CT study and interpretation of contrast-enhanced pattern was critical in the detection of a lead point with intussusception,
even though the mass was very small.

In this report, dynamic CT was useful to detect a small-sized carcinoid tumor in an old dog based on strong enhanced pattern on
arterial phase and diagnose this patient with lead point intussusception. In old dogs with intestinal intussusception, the presence of
an intestinal tumor should be considered and dual-phase CT study may prove useful for assessing the presence of a lead point.
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