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Abstract: A 7-month-old neutered male poodle dog presented with general deterioration and gas-
trointestinal symptoms after two separate operations: a jejunotomy for small-intestinal foreign body
removal and an exploratory laparotomy for diagnosis and treatment of the gastrointestinal symp-
toms that occurred 1 month after the first surgery. The dog was diagnosed as having small-bowel
obstruction (SBO) due to intra-abdominal adhesions and small-bowel fecal material (SBFM) by using
abdominal radiography, ultrasonography, computed tomography, and laparotomy. We removed
the obstructive adhesive lesion and SBFM through enterotomies and applied an autologous peri-
toneal graft to the released jejunum to prevent re-adhesion. After the surgical intervention, the dog
recovered quickly and was healthy at 1 year after the surgery without gastrointestinal signs. To our
knowledge, this study is the first report of a successful treatment of SBO induced by postoperative
intra-abdominal adhesions and SBFM after laparotomies in a dog.

Keywords: dog; small-bowel obstruction; postoperative intra-abdominal adhesion; small-bowel fecal
sign; anastomosis; autologous peritoneal graft

1. Introduction

Postoperative intra-abdominal adhesions (PIAs) are inevitable complications of ma-
jor abdominal surgery in both humans and animals, with various extents of adhesion
formation depending on the patient [1–3]. Among human patients, up to 93% develop
intra-abdominal adhesions postoperatively, and up to 10% who underwent laparotomy pre-
sented with adhesions related to complications such as small-bowel obstruction (SBO) [4].
On the other hand, in small animals, PIA rarely causes serious clinical problems because
the active fibrinolytic system in dogs and cats usually prevents adhesion formation, which
causes clinical problems after laparotomy [1]. However, if the dogs and cats present
clinical and imaging signs of gastrointestinal obstruction after laparotomy, PIAs should
be also considered as a differential diagnosis of bowel obstruction in spite of the small
possibility [1].

With computed tomography (CT), small-bowel fecal material (SBFM) was first de-
scribed in humans as “small-bowel fecal signs (SBFSs)”; particulate matter was shown to
be mixed with gas bubbles in the lumen of dilated small-bowel loops [5]. SBFM was char-
acterized by the accumulation of undigested matter in the small intestine that resembled
the fecal content in the large intestine as a result of delayed transit through the intestinal
tract [6]. SBFSs are mainly observed in patients with SBO, but can also occur in patients
with metabolic or infectious diseases that cause abnormalities in the small intestine [7].
SBO can result from a variety of causes, such as ingestion of foreign materials, infection,
intussusception, postoperative adhesions, or neoplasia. Although abdominal radiography
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and ultrasound still have high diagnostic value, abdominal computed tomography (CT) is
a useful tool for confirmation of obstruction, localization of the site and level, and detection
of strangulation and the cause of obstruction [8].

This case report describes the successful surgical treatment of and preventive measures
against SBO induced by two unusual postoperative complications, PIA and SBFM, in a
young dog. To the best of our knowledge, this is the first report to describe the treatment
and outcome of concurrent PIA and SBFM occurring after laparotomies in a dog.

2. Case History

A 7-month-old neutered male poodle dog with a body weight of 3.0 kg was presented
with anorexia, weight loss, and no defecation at the Konkuk Veterinary Medical Teaching
Hospital. According to the referring veterinarian, the dog had been diagnosed with a
small-intestinal foreign body (earmuff), which was removed via jejunotomy with 3-0
polyglyconate (Maxon®, Davis and Geck, Danbury, CT, USA) 2 months before referral.
One month after the operation, the constant diarrhea, vomiting, and anorexia had not
improved with symptomatic treatment, including fluid therapy, antiemetics, and antibiotics.
Imaging examinations, including radiography and abdominal ultrasonography, showed
no foreign bodies, but showed decreased gastrointestinal motility. As the owner suspected
that the dog might have eaten foreign bodies again, the referring veterinarian performed
another exploratory laparotomy and reported jejunal adhesions and dilatation without any
foreign bodies. After the second laparotomy, the dog’s condition deteriorated rapidly, with
persistent gastrointestinal signs, including anorexia, vomiting, and weight loss from 3.9 to
3 kg. The dog did not defecate from that point on.

A physical examination on presentation revealed decreased appetite, depressed men-
tation, mild abdominal pain on palpation, hyperthermia (39.8 ◦C), and 8% dehydration.
The dog’s perfusion parameters were within the normal limits. Hematology revealed
normocytic normochromic anemia (packed cell volume (PCV), 28.3%; reference range,
37–55%), leukocytosis (28.83 × 109/L; reference range, 6.0–17.0 × 109/L), and neutrophilia
(24.36 × 109/L; reference range, 3.0–11.5 × 109/L), with some toxic changes and reactive
lymphocytes. A biochemical analysis, gas analysis, and coagulation test revealed no abnor-
malities except the elevated C-reactive protein (CRP) level (3.6 mg/dL; reference range,
<1.0 mg/dL). Abdominal radiography revealed loss of serosal detail and small-intestinal
dilation, with the ratio between the maximal small-intestine (SI) diameter and the height
of the fifth lumbar vertebral body (L5) increasing to 2.24. Abdominal ultrasonography
revealed a severe dilation with intraluminal intestinal contents and accumulation of fluid
in almost the whole jejunal segment, with its largest diameter being 18 mm, as well as
jejunal lymph node enlargement. Markedly reduced gastrointestinal motility was generally
shown, but remarkable pathological changes were not identified in other gastrointestinal
segments except for the jejunum. No foreign material was identified in any segment. A
small amount of peritoneal effusion around the urinary bladder and mild hyperechoic
change in the mesentery were thought to be due to the previous operation. To identify
the cause of the severe jejunal dilatation and the presence and level of the obstacle, a
CT scan (LightSpeed; GE Medical System, Milwaukee, WI, USA) was obtained under
general anesthesia. The imaging protocols were 120 kVp, 200 mAs, 512 × 512 matrix, and
0.6 rotation time with a 1.25 mm slice thickness. For a contrasting CT examination after
the plain CT scan, iohexol (Omnihexol 300; Korea United Pharmaceutical, Seoul, Korea)
was manually injected at 600 mg iodine/kg into the cephalic vein. All CT images were
transferred to a workstation using a commercially available DICOM imaging analysis
software (Osirix viewer; Pixmeo, Los Angeles, CA, USA). The abdominal CT scan revealed
generalized gastrointestinal dilatation with abrupt narrowing of the jejunal segment and
SBFS (Figure 1). The small intestines were plicated and tortuous, and the jejunal segment
was abruptly narrowed to a 4.0 mm diameter. The stomach, duodenum, and jejunal loop
proximal to the narrowed lesion were moderately to severely dilated, representing a je-
junum with a 21.9 mm maximal diameter. The jejunum distal to the narrowed lesion was
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normally to mildly dilated, within 8.7 mm in diameter. An SBFS consisting of intraluminal
particulate-like materials mixed with gas bubbles was observed within the dilated jejunal
segments distal to the narrowed lesion and entire ileum. The lumen of the dilated stomach
contained food residues, but there were no remarkable changes in wall thickness or patency.
The large intestines, including the cecum, colon, and rectum, were collapsed without fecal
contents. A small quantity of free fluid around the dilated jejunal segment and a diffusely
hyper-attenuated mesentery were identified. On the basis of the imaging findings, the
dog was diagnosed as having SBO of the jejunal segment caused by the stenotic jejunal
lumen. The SBO was estimated to be of high grade, with >50% discrepancy between the
proximal and distal small-bowel luminal calibers based on the previously reported human
classification system [9]. No causes that could induce SBO, such as foreign bodies or other
intestinal wall abnormalities, were identified.

Figure 1. Postcontrast dorsal (A,E), transverse (B,C), and sagittal (D) computed tomography images
of the abdomen of the dog with severe dilatation of the overall small intestines. The stomach and
overall jejuna are markedly dilatated, and the proximal jejuna are plicated at an acute angle, causing
a stenotic lumen (B, black arrowhead). The small-bowel fecal signs show hyper-attenuated fecal-like
materials mixed with gas bubbles from the dilated jejunal segments to the entire ileum (A,C,D, white
arrows). The large intestines from the ileocecocolic junction to the rectum are collapsed, with little
gas and no fecal contents (C–E, black arrows).

To identify and correct the cause of the SBO, an exploratory laparotomy was performed.
The dog was premedicated with cefazolin (30 mg/kg intravenously (IV)), butorphanol (0.2
mg/kg IV), midazolam (0.1 mg/kg IV), and maropitant (1 mg/kg SC). General anesthesia
was induced with propofol (4 mg/kg IV) and maintained with isoflurane in oxygen after
endotracheal intubation. After an abdominal midline incision was made, diffuse fibrous
adhesions were identified throughout the overall jejunum and between the jejunum and
peritoneal wall. Bowel plication was identified between the proximal jejunums, adhering
to the serosal layers with loops positioned at acute angles, causing the narrowing of
the lumen. The jejunal loop proximal to the narrowed lesion was markedly distended
and hyperemic, and the distal jejunum and ileum distal to the narrowed lesion were
obstructed with hard intestinal contents that could not be squeezed (Figure 2A). The large
intestines distal to the obstructed ileum were totally collapsed with no palpable contents.
Adhesiolysis was performed using blunt dissection and electrotomy. After the adhesiolysis,
a stenosed jejunal lesion was identified, with a fibrinous adhesive strand tightly encircling
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the narrowed jejunum, inducing a SBO (Figure 2B). The near-complete obstruction of the
lesion led to a wide difference between the proximal and distal jejunal calibers with lack of
luminal patency. The stenosed jejunum was removed and anastomosed using a previously
described sutured anastomosis [10]. The resected intestinal segment was grossly inspected.
The antimesenteric border was carefully incised to observe the adhesive stenosed lesion
that caused the SBO, and a strong, thick, fibrous tissue that formed between the adjacent
intestinal serosa was identified to markedly reduce the jejunal lumen (Figure 2C). No other
obvious gross abnormalities were observed in the affected jejunum. By direct observation
and palpation, it was confirmed that there were no pathological changes or impaired
patency of the stomach or other intestinal segments. Cytology and bacterial culture using a
small amount of abdominal effusion and adhesive peritoneum revealed no bacterial growth,
but a histopathological analysis of the resected intestine was not performed because it was
a financial burden to the owner.

Figure 2. Intraoperative photographs of a dog that presented with postoperative small-bowel
obstruction with small-bowel fecal signs in computed tomography images. (A) The proximal jejuna
were adhered, inducing plication at acute angles (white arrowheads); they were also markedly
dilated and hyperemic. The distal jejunum and ileum were mildly dilatated and contained hard
intestinal contents that could not be moved or crushed (black arrowheads). (B) After the release of the
entrapped jejunal segments, a fibrinous adhesive strand was observed to have tightened the middle
region of the jejunum, inducing jejunal stenosis (white arrow). A large discrepancy in the intestinal
lumen was identified between the proximal and distal jejunum to the stenosed lesion. (C) Thick,
fibrous adhesive tissue developed between the adjacent serosa and reduced the intestinal lumen
(black arrows).

The hardened fecal-like contents were removed via the enterotomies that were made
over the distal end of the jejunum and ileum and were identified as hard and dry fecal
matter corresponding to a fecal score of 1. The enteronotomy sites were closed with 3-0
polydioxanone (PDS) in a simple interrupted pattern. After securing the intestinal patency
and confirming that there was no leakage, the serosal surfaces of the entire small intestine
were closely examined, and a remarkable serosal injury of 7 cm in length was identified
in the proximal jejunum where the adhesion was separated (Figure 3A). To prevent re-
adhesion of the damaged serosa, an autologous peritoneal graft (APG) was transplanted
to cover the entire damaged lesion. As an APG, 8 × 1.5 cm of the parietal peritoneum
was harvested at the middle of the left-side of the abdomen (Figure 3B). The APG was
expanded over the injured serosal surface and attached with several simple interrupted
sutures using 3-0 PDS II (Ethicon, Somerville, NJ, USA; Figure 3C). The margin of the
excised parietal peritoneum was apposed by a simple continuous suture using 4-0 PDS II
(Ethicon). The abdomen was fully lavaged with warm saline and closed routinely.
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Figure 3. Intraoperative photographs representing the damaged serosal surface of the jejunum after
adhesiolysis in a dog. (A) The proximal jejunum, which was released after adhesiolysis, represents the
damaged serosal surface of approximately 7 cm in length (white arrows). (B) A parietal peritoneum
(8 × 1.5 cm rectangular shape) was harvested from the left side of the abdominal wall. (C) The
excised peritoneal graft was attached to the injured serosal surface with simple interrupted sutures
to cover the entire damaged serosa.

Postoperatively, the dog recovered from anesthesia uneventfully. He was quiet, alert,
and responsive, and he maintained normal vital signs and normotension. His postop-
erative medication included continuous infusion of fentanyl (4 µg/kg/h) and lidocaine
(50 µg/kg/h) for the first 24 h, followed by carprofen (2.2 mg/kg orally twice daily) and
tramadol (5 mg/kg orally twice daily) for 5 days, maropitant (0.1 mL/kg subcutaneous
once daily) for 4 days, and misoprostol (5 µg/kg orally twice daily) for 5 days. As intestinal
supplements, probiotics were administered for 2 weeks after the operation. During hospi-
talization after the surgery, the dog showed no vomiting, regained his appetite, started to
defecate (fecal score: 5/7) from postoperative day 2, and was discharged on postoperative
day 4.

Postoperative follow-up examinations, including radiography, ultrasonography, and
blood examination, showed no dilatation, obstruction, or plication, with normal motility of
the overall intestines. Regenerative anemia, mild hypoalbuminemia, neutrophilic leukocy-
tosis, and elevated CRP levels were identified immediately after surgery, but returned to
within the reference ranges in 2 weeks. Throughout the one-year telephone follow-up, the
dog remained healthy without any clinical signs associated with gastrointestinal disease.
Considering the history of two separate previous operations, the confirmation that there
were no other obvious pathological changes, including foreign bodies, and the fact that
there was no recurrence after resecting the obstructive jejunum, this patient was tentatively
diagnosed with SBO induced by PIA.

3. Discussion

PIA occurs when the balance between fibrin deposition and fibrinolysis, which pro-
ceeds normally in the case of peritoneal injury, is disrupted by specific causes. The peri-
toneum has powerful coagulation and fibrinolytic capacity, which normally exceeds coagu-
lation; thus, abdominal adhesion does not commonly occur under normal conditions [11].
As the integrity of the mesothelial layer constituting the peritoneum promotes fibrinolytic
activity, mesothelial damage is considered to accelerate peritoneal adhesion formation
by reducing the fibrinolytic capacity to lower than the coagulation function of the peri-
toneum [12,13].

In human medicine, PIAs are the most frequent causes of SBO, of which adhesions
account for 50–75% of SBOs, which occur after surgery in 80% of all cases [8]. Early
postoperative SBOs caused by PIAs occur within 30 days after surgery [14,15]. This is a
familiar but challenging complication for surgeons, with an incidence of approximately
1–12% in human patients undergoing abdominal surgery [14,15]. As PIA-induced SBO can
be difficult to distinguish from functional ileus, which typically occurs after abdominal
surgery, CT could be beneficially used to confirm the adhesive obstruction while check-
ing for other causes of mechanical obstruction and localizing the site and level of the
obstruction [8,16,17]. The widespread use of CT and awareness of the high incidence of
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PIA-induced SBO can help surgeons recognize early postoperative SBOs and establish ap-
propriate treatment strategies, especially if the apparent causes of mechanical SBOs could
not be identified in patients with a history of prior surgery [16]. Compared with several
human studies [18–20], studies in veterinary medicine have paid little attention to PIAs
and associated SBOs, and studies of PIA-induced SBOs in small animals are lacking. In the
present case, a PIA-induced SBO was highly suspected due to the dog’s history and CT
scans, and it was confirmed on the basis of the gross morphology during the surgery. The
dog presented with persistent gastrointestinal signs and markedly reduced gastrointestinal
motility on ultrasonography after the laparotomies, so a typical postoperative functional
ileus was initially considered. However, marked dilatation of the small bowel without
obvious causes of an SBO, such as foreign bodies or tumors, was identified, and the CT
revealed similar images of PIA-induced SBOs in human studies, including mechanical
SBOs with no obvious causes, proximal dilated loops of the small bowel, and an undilated
distal bowel with a transition zone [8]. With this history and CT findings, the typically
occurring postoperative functional ileus and other causes of mechanical SBO could be
excluded. PIA, which was suspected to have resulted from the two inexperienced open
abdominal surgeries, was considered as the main cause of the SBO in this dog.

Human patients with PIA-induced SBOs usually improve with non-surgical treatment,
and 80–100% of patients experience alleviation of their clinical signs within 2 weeks of
the symptoms’ onset after non-surgical treatment [15,21]. On the other hand, a significant
number of patients with PIA-induced SBOs (14%–58%) still require surgical treatment
because of clinical and radiological symptoms that indicate intestinal strangulation or
obstruction [15,16]. In addition, the duration of non-surgical treatment and nature of the
index operation also affect the decision for surgical treatment [16]. As fibroblast contents
increase 2 weeks after surgical injury, thus inducing the maturation of adhesion [16,21],
surgical treatment may become more invasive after 2 weeks of the injury. In a previous
human study, patients who underwent late surgery (>13 days after surgical peritoneal
injury) had a higher enterotomy rate of 17%, whereas those who underwent surgery before
13 days presented a 5% rate [22]. On the basis of these human studies, in small animals
with suspected PIA-induced SBOs, surgical treatment may be fully considered as a valid
option if symptoms do not improve within 2 weeks in spite of non-surgical management.
Moreover, an operator should be mindful that the surgery may become hazardous as
time passes, especially if it is to be performed after more than 2 weeks after the previous
surgery. In this dog, a relatively long time—over 1 month—had passed before surgery
was performed for the management of the PIA-induced SBO. Consequently, the severe
adhesive lesions that induced the irreversible jejunal stenosis were identified; thus, jejunal
resection and anastomosis had to be performed to regain the intestinal patency. If the dog
had been surgically treated a little earlier, before the adhesion maturation had progressed
further, the invasiveness of the surgery could have been reduced. Unfortunately, the
association between PIA and SBO in canine patients has not been reported as much as
that in humans. Therefore, further studies are needed on the prevalence and pathological
period of PIA-induced SBOs in dogs.

Furthermore, SBFSs were identified in the CT results of the dog, and hardened fecal
materials in the distal jejunum and ileum were confirmed during surgery. This was first
described in human beings in 1995 [5], but no study has reported SBFSs in the field
of veterinary medicine. SBFSs are mainly due to the SBO inducing stagnation of the
intestinal contents, which causes gradual fluid absorption across the bowel wall, leaving
undigested fecal matter to accumulate in the SI [6]. In human patients with SBOs due
to adhesions, the prevalence of SBFSs ranged from 37.1% to 55.9% [9,23–25], despite the
earliest study reporting an SBFS prevalence of 7.4% among SBO cases [5]. Due to the high
prevalence, routine CT examination is recommended to identify SBFSs in human patients
with SBOs [23]. In this dog, the SBFS was identified in the distal jejunum and ileum distal to
the stenotic lesion in CT images and surgery. In this dog, the SBFS was located distal to the
transition zone, which indicated a region undergoing a radical change in intestinal luminal
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diameter due to the obstructed lesion, whereas it is usually (93%) identified immediately
proximal to the transition zone [23]. The reason for this difference was estimated to be
the reduced overall intestinal motility and decreased amount of water in the intestinal
contents distal to the stenotic lesion. In this dog, the distal jejunum and ileum were not
expected to have severe intestinal stasis due to the mechanical obstruction because they
were distal to the stenotic lesion; however, postoperative functional ileus might have more
likely induced the SBFM in this dog in that markedly reduced intestinal motility could
lead to overall intestinal stasis, resulting in increased fluid absorption across the bowel
wall. In addition, as the intestines distal to the stenosis were not severely distended, the
amount of water in the intestinal contents was not as much as that in the severely distended
intestine proximal to the stenosis; thus, the drying and hardening of fecal matter might
have occurred relatively quickly. The degree of SBO in the dog of this study was assessed
using a human grading system based on the discrepancy between the proximal and distal
small-bowel luminal calibers. Further research is needed to establish an imaging occlusion
grading system for diagnosis and prognosis of canine SBO patients [9].

The clinical significance of SBFSs in human medicine remains unclear. Although
the relevance of correlation between SBFSs and diagnosis of SBO remains controversial
in patients with acute abdominal pain, it has been reported that SBFSs are useful signs
for localization of transition zones in SBO patients on account of their tendency to be
most prominent in the transition region from the dilated intestinal loop to the collapsed
bowel [9]. SBFSs do not independently support the prediction of successful treatment or
progression of lesions such as ischemia [23]. However, as in this dog, hardened fecal matter
in the SI could cause mechanical obstruction and additional intestinal damage, such as
ischemia, which would require surgery. Therefore, surgical removal of the SBFM may be
necessary for the management of SBO in dogs. A model for criteria to predict the need for
operative intervention was presented in human medicine, and was also demonstrated to
be proportional to the morbidity and mortality [26]. In this model, patients with mesenteric
edema, lack of an SBFS, and obstipation were strongly recommended for early operative
exploration. Further studies are needed to establish criteria for the presence and timing of
surgery in canine SBO patients.

PIA-induced SBO has been considered as a high-risk recurring problem after surgical
correction in human studies (B), which reported overall recurrence rates ranging from
8.7% to 53% [19,27–30], while related studies in small animals are lacking. The previously
reported risk factors for increasing re-adhesion included the magnitude of the surgical
trauma in both the parietal peritoneum and intestinal serosa, decreased intraperitoneal
fibrinolytic activity, and early patient age [11,31–33]. Owing to this high prevalence of
recurrence, extensive research for preventing re-adhesion has been conducted, but no
clinical standard has been established for any preventive modalities, either surgical or
pharmacological [13,34]. As one of these preventive modalities, barriers, which are a
kind of a membrane or gel developed to separate the damaged serosal surfaces from
the adjacent organs [3,20], have been demonstrated to be effective in animal models and
clinical trials [3,20,34]. Most recently, APG was demonstrated to have a preventive effect on
peritoneal adhesion by transplanting mesothelial cells and rapid reperitonealization [34].
Mesothelial cells form the thin basement membrane of the peritoneum and are supported
by a submesothelial layer consisting of a connective tissue stroma [35]. The mesothelial
cells maintain the serosal integrity, and their progenitor cells could play an important role in
peritoneal remodeling [35]. Thus, preservation of functional mesothelial cells is a necessary
factor for adhesion prevention, and an APG can provide mesothelial reconstruction and
preserve the function of the transplanted mesothelial cells [34]. In addition, this autologous
barrier has other benefits, including minimizing adverse biological reactions, availability,
and economic feasibility, as compared with synthetic barriers [34]. In this dog, a meticulous
surgical technique, including careful tissue handling to avoid desiccation and ischemia,
was established as the first step to prevent re-adhesion. Moreover, the significant serosal
damage in the released jejunum was covered with an APG to separate the damaged



Vet. Sci. 2021, 8, 83 8 of 9

serosa from the other adjacent intestines to prevent re-adhesion. On the basis of the
study by Bresson et al. [34], the mesothelial layer of the graft should be exposed to the
abdominal cavity during transplantation because the appropriately positioned polarity
of the mesothelial cells is important for preserving functional mesothelial cells [33]. They
reported that the mesothelial cells were detected 14 days after APGs were transplanted with
the mesothelial cell side exposed to the abdominal cavity, but were not detected when the
submesothelial layer was exposed to the abdominal cavity [34]. Although the preventive
effect of APGs on serosal re-adhesion has been proven in human patients and in rat and
mouse models [3,20,34], an additional randomized, prospective study is necessary in order
to establish the evidence of the prophylactical application of APGs in canine patients.

4. Conclusions

This study describes the first reported case of PIA and obstructive SBFM-induced SBO
in a young dog. These two rarely occurring postoperative complications were diagnosed on
the basis of the dog’s history and CT results and were successfully treated with meticulous
surgical techniques for resection of the obstructive adhesive lesion and removal of the
obstructive SBFM via enterotomies. The deperitonealized lesion of the released jejunum
was completely covered with autologous peritoneal graft to prevent re-adhesion.

Author Contributions: Conceptualization, J.-E.H. and H.-J.H.; methodology, H.-J.H.; investigation,
J.-E.H. and H.-J.H.; writing—original draft preparation, J.-E.H. and H.-J.H.; writing—review and
editing, J.-E.H.; visualization, J.-E.H. and H.-J.H.; supervision, H.-J.H. Both authors have read and
agreed to the published version of the manuscript.

Funding: This research was funded by the National Research Foundation of Korea (NRF) grant
funded by the 261 Korea government (2020R1A2C101378712).

Institutional Review Board Statement: The ethical review and approval were waived for this study,
as there was no interference with animal wellbeing.

Informed Consent Statement: An informed consent statement was obtained from the dog’s owner.

Data Availability Statement: Data sharing is not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Aulakh, H.K.; Tyson, R.; Aulakh, K.S.; Archipow, W. What Is Your Diagnosis? J. Am. Vet. Med. Assoc. 2012, 241, 319–321.

[CrossRef] [PubMed]
2. Monk, B.J.; Berman, M.L.; Montz, F.J. Adhesions after extensive gynecologic surgery: Clinical significance, etiology, and

prevention. Am. J. Obstet. Gynecol. 1994, 170, 1396–1403. [CrossRef]
3. Laukka, M.; Hoppela, E.; Salo, J.; Rantakari, P.; Gronroos, T.J.; Orte, K.; Auvinen, K.; Salmi, M.; Gerke, H.; Thol, K.; et al.

Preperitoneal Fat Grafting Inhibits the Formation of Intra-abdominal Adhesions in Mice. J. Gastrointest. Surg. 2019, 1–11.
[CrossRef]

4. Schippers, E.; Tittel, A.; Öttinger, A.; Schumpelick, V. Laparoscopy versus Laparotomy: Comparison of Adhesion-Formation after
Bowel Resection in a Canine Model. Dig. Surg. 1998, 15, 145–147. [CrossRef] [PubMed]

5. Mayo-Smith, W.; Wittenberg, J.; Bennett, G.; Gervais, D.; Gazelle, G.S.; Mueller, P. The CT small bowel faeces sign: Description
and clinical significance. Clin. Radiol. 1995, 50, 765–767. [CrossRef]

6. Catalano, O. The faeces sign. A CT finding in small-bowel obstruction. Radiologe 1997, 37, 417–419. [CrossRef] [PubMed]
7. Fuchsjäger, M.H. The small-bowel feces sign. Radiology 2002, 225, 378–379. [CrossRef]
8. Mak, S.Y.; Roach, S.C.; Sukumar, S.A. Small bowel obstruction: Computed tomography features and pitfalls. Curr. Probl. Diagn.

Radiol. 2006, 35, 65–74. [CrossRef]
9. Lazarus, D.E.; Slywotsky, C.; Bennett, G.L.; Megibow, A.J.; Macari, M. Frequency and relevance of the “small-bowel feces” sign

on CT in patients with small-bowel obstruction. AJR Am. J. Roentgenol. 2004, 183, 1361–1366. [CrossRef]
10. Fossum, T.W.; Hedlund, C.S. Gastric and intestinal surgery. Vet. Clin. N. Am. Small Anim. Pract. 2003, 33, 1117–1145. [CrossRef]
11. Vipond, M.; Whawell, S.; Dudley, H.; Thompson, J. Peritoneal fibrinolytic activity and intra-abdominal adhesions. Lancet 1990,

335, 1120–1122. [CrossRef]
12. Liu, H.J.; Wu, C.T.; Duan, H.F.; Wu, B.; Lu, Z.Z.; Wang, L. Adenoviral-mediated gene expression of hepatocyte growth factor

prevents postoperative peritoneal adhesion in a rat model. Surgery 2006, 140, 441–447. [CrossRef] [PubMed]

http://doi.org/10.2460/javma.241.3.319
http://www.ncbi.nlm.nih.gov/pubmed/22812466
http://doi.org/10.1016/S0002-9378(94)70170-9
http://doi.org/10.1007/s11605-019-04425-4
http://doi.org/10.1159/000018608
http://www.ncbi.nlm.nih.gov/pubmed/9845577
http://doi.org/10.1016/S0009-9260(05)83216-7
http://doi.org/10.1007/s001170050231
http://www.ncbi.nlm.nih.gov/pubmed/9312785
http://doi.org/10.1148/radiol.2252010976
http://doi.org/10.1067/j.cpradiol.2005.12.003
http://doi.org/10.2214/ajr.183.5.1831361
http://doi.org/10.1016/S0195-5616(03)00053-6
http://doi.org/10.1016/0140-6736(90)91125-T
http://doi.org/10.1016/j.surg.2005.12.014
http://www.ncbi.nlm.nih.gov/pubmed/16934607


Vet. Sci. 2021, 8, 83 9 of 9

13. Wei, G.; Zhou, C.; Wang, G.; Fan, L.; Wang, K.; Li, X. Keratinocyte growth factor combined with a sodium hyaluronate gel inhibits
postoperative intra-abdominal adhesions. J. Mol. Sci. 2016, 17, 1611. [CrossRef] [PubMed]

14. Stewart, R.M.; Page, C.P.; Brender, J.; Schwesinger, W.; Eisenhut, D. The incidence and risk of early postoperative small bowel
obstruction: A cohort study. Am. J. Surg. 1987, 154, 643–647. [CrossRef]

15. Ellozy, S.H.; Harris, M.T.; Bauer, J.J.; Gorfine, S.R.; Kreel, I. Early postoperative small-bowel obstruction. Dis. Colon Rectum. 2002,
45, 1214–1217. [CrossRef] [PubMed]

16. Ong, A.W.; Myers, S.R. Early postoperative small bowel obstruction: A review. Am. J. Surg. 2020, 219, 535–539. [CrossRef]
[PubMed]

17. Anglem, T.J. Postoperative intestinal obstruction. Surg. Clin. N. Am. 1963, 43, 839–858. [CrossRef]
18. Menzies, D.; Ellis, H. Intestinal obstruction from adhesions–how big is the problem? Ann. R. Coll. Surg. Engl. 1990, 72, 60–63.
19. Mucha, J.P. Small intestinal obstruction. Surg. Clin. N. Am. 1987, 67, 597–620. [CrossRef]
20. Attard, J.A.P.; MacLean, A.R. Adhesive small bowel obstruction: Epidemiology, biology and prevention. Can. J. Surg. 2007,

50, 291.
21. Maciver, A.H.; McCall, M.; Shapiro, A.J. Intra-abdominal adhesions: Cellular mechanisms and strategies for prevention. Int. J.

Surg. 2011, 9, 589–594. [CrossRef]
22. Goussous, N.; Kemp, K.M.; Bannon, M.P.; Kendrick, M.L.; Srvantstyan, B.; Khasawneh, M.A.; Zielinski, M.D. Early postoperative

small bowel obstruction: Open vs laparoscopic. Am. J. Surg. 2015, 209, 385–390. [CrossRef]
23. Khaled, W.; Millet, I.; Corno, L.; Bouley-Coletta, I.; Benadjaoud, M.A.; Taourel, P.; Zins, M. Clinical relevance of the feces sign in

small-bowel obstruction due to adhesions depends on its location. AJR Am. J. Roentgenol. 2018, 210, 78–84. [CrossRef] [PubMed]
24. Deshmukh, S.D.; Shin, D.S.; Willmann, J.K.; Rosenberg, J.; Shin, L.; Jeffrey, R.B. Non-emergency small bowel obstruction:

Assessment of CT findings that predict need for surgery. Eur. Radiol. 2011, 21, 982–986. [CrossRef] [PubMed]
25. Sheedy, S.P.; Earnest, F., IV; Fletcher, J.G.; Fidler, J.L.; Hoskin, T.L. CT of small-bowel ischemia associated with obstruction in

emergency department patients: Diagnostic performance evaluation. Radiology 2006, 241, 729–736. [CrossRef]
26. Zielinski, M.D.; Eiken, P.W.; Heller, S.F.; Lohse, C.M.; Huebner, M.; Sarr, M.G.; Bannon, M.P. Prospective, observational validation

of a multivariate small-bowel obstruction model to predict the need for operative intervention. J. Am. Coll. Surg. 2011, 212,
1068–1076. [CrossRef] [PubMed]

27. Landercasper, J.; Cogbill, T.H.; Merry, W.H.; Stolee, R.T.; Strutt, P.J. Long-term outcome after hospitalization for small-bowel
obstruction. Arch. Surg. 1993, 128, 765–771. [CrossRef]

28. Miller, G.; Boman, J.; Shrier, I.; Gordon, P. Natural history of patients with adhesive small bowel obstruction. Br. J. Surg. 2000, 87,
1240–1247. [CrossRef]

29. Fevang, B.T.S.; Fevang, J.; Lie, S.A.; Søreide, O.; Svanes, K.; Viste, A. Long-term prognosis after operation for adhesive small
bowel obstruction. Ann. Surg. 2004, 240, 193–201. [CrossRef]

30. Barkan, H.; Webster, S.; Ozeran, S. Factors predicting the recurrence of adhesive small-bowel obstruction. Am. J. Surg. 1995, 170,
361–365. [CrossRef]

31. Duron, J.J.; Jourdan-Da Silva, N.; du Montcel, S.T.; Berger, A.; Muscari, F.; Hennet, H.; Veyrieres, M.; Hay, J.M. Adhesive
postoperative small bowel obstruction: Incidence and risk factors of recurrence after surgical treatment: A multicenter prospective
study. Ann. Surg. 2006, 244, 750–757. [CrossRef] [PubMed]

32. Scott-Coombes, D.; Whawell, S.; Vipond, M.; Thompson, J. Human intraperitoneal fibrinolytic response to elective surgery. Br. J.
Surg. 1995, 82, 414–417. [CrossRef] [PubMed]

33. Ivarsson, M.L.; Falk, P.; Holmdahl, L. Response of visceral peritoneum to abdominal surgery. Br. J. Surg. 2001, 88, 148–151.
[CrossRef]

34. Bresson, L.; Leblanc, E.; Lemaire, A.S.; Okitsu, T.; Chai, F. Autologous peritoneal grafts permit rapid reperitonealization and
prevent postoperative abdominal adhesions in an experimental rat study. Surgery 2017, 162, 863–870. [CrossRef]

35. Do Amaral, R.J.; Arcanjo, K.D.; El-Cheikh, M.C.; de Oliveira, F.L. The peritoneum: Health, disease, and perspectives regarding
tissue engineering and cell therapies. Cells Tissues Organs 2017, 204, 211–217. [CrossRef] [PubMed]

http://doi.org/10.3390/ijms17101611
http://www.ncbi.nlm.nih.gov/pubmed/27669222
http://doi.org/10.1016/0002-9610(87)90234-0
http://doi.org/10.1007/s10350-004-6395-6
http://www.ncbi.nlm.nih.gov/pubmed/12352239
http://doi.org/10.1016/j.amjsurg.2019.11.008
http://www.ncbi.nlm.nih.gov/pubmed/31735260
http://doi.org/10.1016/S0039-6109(16)36996-1
http://doi.org/10.1016/S0039-6109(16)44234-9
http://doi.org/10.1016/j.ijsu.2011.08.008
http://doi.org/10.1016/j.amjsurg.2014.07.012
http://doi.org/10.2214/AJR.17.18126
http://www.ncbi.nlm.nih.gov/pubmed/29045179
http://doi.org/10.1007/s00330-010-1983-4
http://www.ncbi.nlm.nih.gov/pubmed/20963444
http://doi.org/10.1148/radiol.2413050965
http://doi.org/10.1016/j.jamcollsurg.2011.02.023
http://www.ncbi.nlm.nih.gov/pubmed/21458305
http://doi.org/10.1001/archsurg.1993.01420190059008
http://doi.org/10.1046/j.1365-2168.2000.01530.x
http://doi.org/10.1097/01.sla.0000132988.50122.de
http://doi.org/10.1016/S0002-9610(99)80304-3
http://doi.org/10.1097/01.sla.0000225097.60142.68
http://www.ncbi.nlm.nih.gov/pubmed/17060768
http://doi.org/10.1002/bjs.1800820346
http://www.ncbi.nlm.nih.gov/pubmed/7796030
http://doi.org/10.1046/j.1365-2168.2001.01630.x
http://doi.org/10.1016/j.surg.2017.05.005
http://doi.org/10.1159/000479924
http://www.ncbi.nlm.nih.gov/pubmed/28972947

	Introduction 
	Case History 
	Discussion 
	Conclusions 
	References

