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ABSTRACT
Background: Intussusception can occur at any age and is common in children but
less common in adults. This study aimed to evaluate our experience of 51 adult
intussusception and study the etiology, clinical manifestations, diagnosis, and
treatment.
Methods: This analysis assessed the clinical manifestations, etiology, diagnosis, and
treatment of adult intussusception in 51 adult patients at the Department of
Gastrointestinal Surgery of China-Japan Union Hospital of Jilin University from
January 2010 to December 2020.
Results: The mean age of the cohort was 54.43 ± 18.21 years, and 42 patients were
diagnosed by abdominal ultrasonography and abdominal computed tomography
(CT). Among them, 76.5% (39/51) had abdominal pain, 11.8% (6/51) had blood in
stool, and 5.9% (3/51) had a palpable abdominal mass. Of these, 62.7% had tumors:
malignant accounted for 39.2% (20/51) and benign accounted for 23.5% (12/51). CT
is the preferred imaging method with a sensitivity of 92.2%, while colonoscopy
provides a complementary diagnosis in patients involving the colon. All patients
underwent surgical treatment, including 21.6% (11/51) laparoscopic surgery, 74.5%
(38/51) open surgery, and 5.9% (3/51) intussusception reduction during the
operation. The average operation time of the open group was 133.27 ± 43.75 min and
the average hospital stay was 16.24 ± 12.55 days, while the average operation time of
the laparoscopic group was 140.50 ± 46.15 mins, and the average hospital stay was
16.60 ± 16.98 days (P > 0.05).
Conclusion: Adult intussusception is a rare disease in clinic. Laparoscopic surgery
can be useful and safe for adult intussusception.

Subjects Gastroenterology and Hepatology, Surgery and Surgical Specialties
Keywords Adult intussusception, Laparoscopic surgery, Computed tomography (CT)

INTRODUCTION
Intussusception is a condition in which a section of the intestine is inserted into a distal
neighbor and causes obstruction of the passage of intestinal contents. It is common in
children but uncommon in adults (Agha, 1986). The adult intussusception accounts for
only 5% of total cases (Gueye et al., 2018) and causes 1% to 5% of intestinal obstructions
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(Kim et al., 2018). Adult intussusception is a rare surgical emergency that often leads to
misdiagnosis or missed diagnosis.

The clinical manifestations of adult intussusception are often nonspecific, it can be acute
paroxysmal colic or chronic, dull pain that lasts for months or longer (Balogun et al., 2019;
Farhan et al., 2020). As the disease progresses, symptoms of intestinal obstruction such as
abdominal distention and vomiting may occur, and in severe cases, intestinal necrosis may
occur, which can cause fever, loss of consciousness, and even death. Due to the atypical
clinical manifestations of adult intussusception, it is difficult to diagnose before surgery,
therefore, we need to use adjuvant testing. This article will discuss which of the various
auxiliary tests works best.

Adult intussusception usually requires surgical treatment (Yakan et al., 2009; Ikram
et al., 2018). Although laparoscopic equipment and surgical techniques have recently been
improved and applied to adult intussusception, there is no consensus on safety and
efficacy. The optimal management for adult intussusception is still controversial. This
study was done to review and document the etiology, clinical manifestations, diagnosis,
and treatment of adult intussusception during the past 11 years, so as to make some
contributions to the diagnosis and treatment of adult intussusception.

MATERIALS AND METHODS
This study was conducted in the Department of Gastrointestinal Surgery of China-Japan
Union Hospital of Jilin University (Changchun, China). The study was approved by the
ethics committee of Tongde Hospital of Zhejiang Province. We have got a waiver of
informed consent in the ethical approval. Ethical examination batch number Zhejiang
Tongde fast review character no. (2021)072. The medical records of adult intussusception
patients treated from January 2010 to December 2020 were reviewed. All patients
underwent abdominal ultrasound, plain abdominal radiography, CT scan, and
colonoscopy before surgery to confirm the diagnosis. Data on patients’ age, sex, clinical
manifestations, diagnosis-assisting tests, clinicopathological types, and surgical treatment
were collected and analyzed. Patients with intussusception were diagnosed by abdominal
ultrasound, plain abdominal film, CT, colonoscopy, or surgical exploration. Patients
receiving laparoscopic-assisted surgery were compared to those receiving open surgery,
and the operative time, hospital stay, and postoperative complications were compared.
Parameters, such as clinical manifestations, assistive examination, clinicopathological type,
and surgical treatment, were analyzed. All open surgeries were performed by surgeons
skilled in gastrointestinal surgery, while laparoscopic surgery was performed by surgeons
with expertise in laparoscopy.

Inclusion criteria
(1) Intussusception was definitely diagnosed; (2) preoperative assessment of patients who
could tolerate laparoscopic or open surgery.
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Exclusion criteria
(1) Organ dysfunction can not tolerate surgery and anesthesia. (e.g., cardiopulmonary
dysfunction, etc.); (2) Intraoperative exploration was combined with other operations;
(3) Coagulation is abnormal: (e.g., thrombin/prothrombin time exceeded the normal
control by more than 3 s, fibrinogen is below 2 g, etc.); (4) Follow-up and communication
disorders in patients.

localization and duration
Adult intussusception was classified into acute (duration ≤3 days), subacute (4–14 days),
and chronic (>14 days) according to the duration of symptoms (Balogun et al., 2019).
Adult intussusception was classified according to its location in the gastrointestinal tract:
(1) small intestine type: intussusception (limited to the small intestine); (2) ileocolonic
type: ileocecal intussusception or ileocecal intussusception, including invagination of the
ileum through the ileocecal valve; (3) colonic type: intussusception involving the colon;
(4) sigmoid-rectal type: intussusception involving the sigmoid colon and rectum (Lianos
et al., 2013).

Statistical methods
IBM� SPSS� statistics software version 26.0 (IBM Corp., Armonk, NY, USA) was used
for data analysis. Categorical variables were described as frequencies and percentages.
Continuous variables were expressed as mean (�x) ± standard deviation (SD). Continuous
variables were reported as means ± SDs (if the distribution was normal) or medians with
ranges (if the distribution was skewed). For statistical analysis, Student’s t test was used to
compare means of numerical variables between the two groups. P < 0.05 indicated a
statistically significant difference between the two groups.

RESULTS
In the current study, 51 patients aged 17–92 years were diagnosed with adult intussusception.
There were 21 males with an average age of 57.50 ± 15.88 years (28–86 years) and 30 females
with an average age of 52.30 ± 19.55 years (17–92 years). The male-female ratio was 1:1.4,
P = 0.323 (Table 1). There were 12 cases (23.5%) of small intestine type, 27 cases (52.9%) of
ileocolonic type, six cases (11.8%) of colonic type, and six cases (11.8%) of sigmoid-rectal
type (Table 2).

The pathological examinations of 51 patients of intussusception showed that tumors
accounted for 62.7% (32/51): malignant tumors accounted for 39.2% (20/51), benign
tumors accounted for 23.5% (12/51). In addition, 25.5% (13/51) of patients could be
attributed to Intestinal inflammatory disease, 3.9% (2/51)of patients had small intestinal

Table 1 Demographics in patients.

Male Female T P Sex ratio

N 21 30 0.7

Age 57.50 ± 15.88 52.30 ± 19.55 0.999 0.323
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Peutz-Jeghers syndrome, 5.9%(3/51) of patients were Idiopathic, and 2% (1/51) was caused
by intestinal adhesions (Table 2).

Out of the 51 patients, 76.5% (39/51) had abdominal pain, 11.8% (6/51) had bloody
stools, 5.9% (3/51) had palpable abdominal mass, 55.8% (30/51) had nausea and vomiting,
and 15.7% (8/51) had weight loss. Moreover, 58.8% (30/51) of patients had different
degrees of ileus, with 39.2% (20/51) presenting acute symptoms, 37.3% (19/51) had
subacute symptoms, and 23.5% (12/51) exhibiting chronic symptoms (Table 2).

About the diagnostic modalities of the patients, the plain abdominal film was performed
on 15 patients, 0 was diagnosed with intussusception (Sensitivity 0.0%). Abdominal plain
film is mainly used for the diagnosis of intestinal obstruction, which showed typical
hydro-air levels, nevertheless there are no typical signs for intussusception. Abdominal
ultrasound was performed on 15 patients; among them, eight were diagnosed with
intussusception (Sensitivity 53.3%). A total of 27 patients underwent abdominal CT scans,
of which 25 were diagnosed with intussusception (Sensitivity 92.2%); seven patients with

Table 2 Clinical characteristics in patients.

N Percentage (%)

Clinical manifestations

Abdominal pain 39 76.5

Bloody stools 6 11.8

Abdominal mass 3 5.9

Nausea and vomiting 30 55.8

Weight loss 8 15.7

Ileus 30 58.8

Course of disease

Acute 20 39.2

Subacute 19 37.3

Chronic 12 23.5

Pathological types

Tumor 32 67.2

Malignant 20 39.2

Benign 12 23.5

Intestinal inflammatory disease 13 25.5

Idiopathic 3 5.9

Adhesion of small intestine 1 2.0

Peutz-Jeghers syndrome 2 3.9

Types

Small intestine type 12 23.5

Ileocolonic type 27 52.5

Colonic type 6 11.8

Sigmoid-rectal type 6 11.8

Sun et al. (2022), PeerJ, DOI 10.7717/peerj.14495 4/12

http://dx.doi.org/10.7717/peerj.14495
https://peerj.com/


adult intussusception underwent colonoscopy, and the cause was identified (Table 3).
The diagnoses were performed transoperatively.

All patients underwent surgery, including one case of small bowel reduction due to
intussusception caused by intraoperative adhesions, two patients of reduction due to rectal
intussusception, and one case of Hartmann surgery due to malignant rectal lesions, and the
remaining patients underwent intussusception and reduction and resection. Among them,
there were 40 patients of open surgery: three of bowel reduction, nine of partial small bowel
resection, eight of ileocecal resection, 14 of right hemicolectomy, two of left hemicolectomy,
one of partial resection of transverse colon, one case of Hartmann surgery, one of rectotomy,
and 11 of laparoscopic surgery (two patients of laparoscopic partial resection of the small
intestine, five patients of laparoscopic ileocecal resection, three patients of Laparoscopic right
hemicolectomy, and one case of laparoscopic rectal resection). The average duration of
surgery in the open group was 133.27 ± 43.75 min, the average length of hospital stay was
16.24 ± 12.55 days, the average operation time of the laparoscopic group was 140.50 ±
46.15 min, and the average length of hospital stay was 16.60 ± 16.98 days. The average
operation time of the open group was less than that of the laparoscopic group, albeit not
significantly (P > 0.05). In the open group, there were three patients of postoperative incision
infection, one of pulmonary infection, two of lower limb venous embolism, and one of
abdominal effusion, while no postoperative complications were detected in the laparoscopic
group (Table 4).

DISCUSSION
Intussusception is considered a rare condition in adults. The variability of the clinical
manifestations makes diagnosis difficult. Surgical resection of intestinal lesions is the main
treatment for adult intussusception laparoscopic surgery is emerging as an alternative to
open surgery; however, it is controversial in the treatment of adult intussusception.

Briggs et al. (2014) reported that adult intussusception patients are more common in
males (male: female ratio 2.9:1) with an average onset age of 40 years. The data showed that
there were more females than males, the ratio of males to females was 0.7 (1:1.4), and P >
0.05 indicated no statistical significance. We agree with Eisen, Cunningham & Aufses
(1999) that adult intussusception was not related to the gender of patients. Presently,
pathological changes and inflammatory stimuli in the intestinal lumen can change
intestinal peristalsis, leading to intussusception (Marinis et al., 2009). The small intestine
type of intussusception accounts for the majority of the adult patients (Rea et al., 2007).

Table 3 Diagnostic radiological evaluation.

Variable Subjects, n (%) Sensitivity, n (%)

Abdominal plain film 15 (29.4) 0 (0)

Abdominal CT 27 (52.9) 25 (92.6)

Abdominal ultrasound 15 (29.4) 8 (53.3)

Colonoscopy 7 (5.8) 7 (100)

Note:
CT, computed tomography.
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However, in our study, the ileocolonic type is the most common, followed by the small
intestine type, which was similar to the report byGoh et al. (2006). Intussusception can also
be classified by etiology or root cause: idiopathic, benign, or malignant (Hong et al., 2019).
So, the most common intussusception of adult intussusception is the ileocolonic type, and
benign or malignant tumors are the most common causes of adult intussusception.

The clinical manifestations of adult intussusception vary and are usually occult and
intermittent rather than acute (Balogun et al., 2019). Symptoms include abdominal pain,
bloating, nausea and vomiting, changes in bowel habits, and bleeding in the lower
gastrointestinal tract. Abdominal pain is considered the most common symptom,
occurring in 70–100% of patients, when malignant tumors cause intussusception,
symptoms include weight loss, black stools, or a palpable abdominal mass (Marinis et al.,
2009). In our study, symptoms were usually acute, subacute and chronic, with varying
duration. Abdominal pain was the most common symptom, followed by nausea and
vomiting. Other non-specific symptoms included bloody stools, abdominal mass, and
weight loss. The symptoms of intussusception are recurrent and self-limiting, which makes
the diagnosis difficult. Symptoms suggestive of malignancy such as bloody stools and
weight loss were found in the minority of patients in this study. Some studies reported that
the preoperative diagnosis rate was <50% (Gupta et al., 2011b).

The preoperative diagnosis of intestinal intussusception in adults is often difficult.
The abdominal plain film shows dilated bowel loops and fluid-gas planes, like the features

Table 4 Statistics of adult intussusception surgical treatment.

OG
(n = 40)

LG
(n = 11)

P

Operation methods

Bowel reduction 3 0

Small bowel resection 9 2

Ileocecal resection 8 5

Right hemicolectomy 14 3

Transverse colectomy 1 0

Rectectomy 1 1

Hartmann surgery 1 0

Left hemicolectomy 1 0

Sigmoidectomy 2 0

Length of hospital stay (mean ± SD) 16.24 ± 12.55 16.60 ± 16.98 0.937

Duration of surgery (mean ± SD) 133.27 ± 43.75 140.50 ± 46.15 0.649

Postoperative complications

Incision infection 3 0 1.000

pulmonary infection 1 0 1.000

Lower limb venous embolism 2 0 1.000

Abdominal effusion 1 0 1.000

Note:
OG, Open group means patients who done the open surgery; LG, laparoscopic group means patients who done the
laparoscopic surgery; SD, standard deviation For variables that are less than 5, we used the Fisher exact test.
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of intestinal obstruction, but has no specific sign for intussusception. Plain abdominal
films are useful when an obstruction is suspected (Marinis et al., 2009). In this study, plain
abdominal films were used in 15 patients, which could not be identified as intussusception
and had specific limitations. On abdominal ultrasonography, intussusception showed a
concentric circle sign and target ring syndrome, which is useful in evaluating the
intussusception in adults presenting a palpable abdominal mass, with a >90% accuracy rate
(Wang et al., 2009). In this study, 15 patients were examined by abdominal ultrasound,
with a diagnostic rate of 53.5%. Ultrasound is helpful to improve the diagnosis of suspected
intussusception. It is a helpful tool especially in children; it can be useful in adults when an
abdominal mass can be palpated but may be limited in the presence of loop air. On the
other hand, a colonoscopy may be a useful diagnostic tool for patients with subacute or
chronic intermittent ileus (Rahimi et al., 2016). It is the most useful method for adult
intussusception involving the colon, terminal ileum, and cecum that confirms
intussusception, location, and biopsy with respect to the diagnosis and the planning of
surgery (Shenoy, 2017; Elena et al., 2012). In this study, seven patients with adult
intussusception (confirmed mass) underwent colonoscopy, while the procedure should be
avoided in patients with acute obstruction as it may increase the risk of perforation
(El-Sergany et al., 2015). We agree with the Gupta et al. (2011a) report that colonoscopy is
most accurate in ileocolic and colonic adult intussusception. The CT findings of
intussusception were target sign, concentric circle sign, and pseudorenal sign (Fig. 1). CT
displays the length and diameter of intussusception, the three-dimensional view of the
intestine and surrounding organs, the starting point, type, and position of intussusception,
mesenteric vascular system, the possibility of strangulation, and the possibility of partial or
complete intestinal obstruction (Gore et al., 2015). Currently, CT is the most sensitive scan
for diagnosing intussusception in adults, with a diagnostic accuracy of 58–100% (Honjo
et al., 2015). In addition, CT can determine the most appropriate treatment method and
avoid unnecessary surgery (Rafailidis et al., 2017). In the current study, 27 patients
underwent CT, with a diagnostic rate of 92.2%. CT scan can determine the severity of adult
intussusception and the best treatment, thereby providing strong evidence for the
diagnosis of intussusception. With significant advancements in CT technology, CT may
help clinicians not only to differentiate intussusception from other abdominal

Figure 1 (A) CT at the level of the abdomen shows ileocecal intussusception (arrow). (B) CT at the
level of the abdomen shows a round, target-shaped mass in the right abdomen (arrow).

Full-size DOI: 10.7717/peerj.14495/fig-1
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emergencies, but also to avoid unnecessary surgery. In this study, 27 patients underwent
abdominal CT scans and intussusception was diagnosed in 25 patients, with CT being the
most sensitive diagnostic modality. CT has proven to be a useful test for evaluating these
patients. Also, colonoscopy is recommended to supplement the diagnose of
intussusception.

Currently, surgical treatment is the primary treatment for most adult intussusception
patients (Akbulut, 2012). However, the optimal surgical approach remains controversial
because the main reason for the original recommendation of whole intussusception
resection was the theoretical risk of venous embolization of tumor cells during intestinal
canal operation and the risk of penetrating the ischemic, fragile, and edematous intestinal
canal, which might lead to the implantation of tumor cells and microorganisms into the
peritoneal cavity (Shenoy, 2017; Kang et al., 2020). In recent years, due to the progress of
laparoscopic equipment and surgical technology, as well as its advantages of rapid
recovery, less pain, and minimal scarring (Llorente et al., 2018), laparoscopic surgery for
adult intussusception is being increasingly performed and has been reported to be feasible
for adult intussusception (Ruiz-Tovar et al., 2013). Laparoscopic exploration is effective
for the diagnosis of adult intussusception, avoiding unnecessary incisions. However,
there is no consensus on the safety and effectiveness of laparoscopic surgery for adult
intussusception. Tartaglia et al. (2014) reported that laparoscopic surgery for adult
intussusception is a safe and feasible treatment, especially when the preoperative diagnosis
is unclear (Shimazaki et al., 2015).

In this study, we did not find any significant differences in the duration of surgery and
the incidence of postoperative complications between the laparoscopic and open groups
(P > 0.05). Postoperative incision infection was the most common postoperative
complication in the open group. The laparoscopic group had fewer complications than the
open group. It can be seen that the common complication of open surgery is incision
infection, which may be caused by intestinal wall edema, malnutrition, or acute indications
caused by intestinal obstruction. Laparoscopic surgery has smaller incisions, less tissue
manipulation and less tissue damage, thus reducing the incidence of infection
complications. Siow et al. (2020) showed that segmentectomy for intussusception in adults
cannot be removed because most of the lesions may have pathological causes, and
conservative treatment may be ineffective. Due to the different causes and locations of
intussusception, there is currently no standard laparoscopic surgery. During laparoscopic
exploration, once the location of intussusception is found, it can be excised or eviscerated
and processed externally using a small incision. A biopsy may be performed when
malignant lesions are suspected. This study indicated that surgery is the predominant
treatment for intussusception in adults. In some cases, laparoscopy is a useful adjunct to
open surgical techniques (Kang & Gu, 2020). Although laparotomy or laparoscopic
enterectomy is the ideal method, cases using laparoscopic techniques have no
postoperative complications. First, the most common cause of ileocolonic intussusception
is primary adenocarcinoma. Considering the high incidence rate of primary
adenocarcinoma, colonic intussusception should be removed without reduction to avoid
potential intraluminal implantation or venous tumor dissemination. Second, the incidence
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of primary malignancy in small intestinal intussusception is lower than in colon
intussusception, and inappropriate reduction attempts can lead to intestinal wall tears and
peritoneal contamination. We recommend removing the intussusception without
attempting to reduce it. In non-acute ileocolonic intussusception, preoperative
colonoscopy is helpful to distinguish benign and malignant lesions before surgery, develop
appropriate surgical methods, and avoid excessive bowel resection. Finally, we agree with
the Zubaidi, Al-Saif & Silverman (2006) report that small-bowel intussusception should be
reduced before resection if the underlying etiology is suspected to be benign or if the
resection required without reduction is deemed to be massive. Large bowel should
generally be resected without reduction because pathology is mostly malignant.
For experienced physicians, laparoscopic treatment of intussusception in adults is safe and
feasible. However, we recommend caution to patients with acute obstruction of flatulence,
as the visibility of flatulence may be poor and intestinal manipulation may further increase
the risk of perforation and the incidence of surgery (Siow & Mahendran, 2014).
The current study was a retrospective design with a small sample size; moreover, since this
study is a single-center study with a single study population, there was the possibility of
selection and recommendation bias.

CONCLUSION
In conclusion, adult intussusception is a rare disease in clinical practice. Due to
non-specific clinical manifestations, preoperative diagnosis is difficult, and it is easy
to miss diagnosis or misdiagnosis. Preoperative CT is helpful for the diagnosis and
evaluation of intussusception, and in non-acute ileocolonic intussusception, preoperative
colonoscopy is helpful to distinguish benign and malignant lesions before surgery, develop
appropriate surgical methods, and avoid excessive bowel resection. In the current era
with advances in laparoscopic techniques, laparoscopic treatment of intussusception in
adults is safe and feasible, and is no longer a challenge. In the future, we will conduct a
retrospective analysis with a larger sample size by multi-hospital combination to validate
some of our inferences.

ACKNOWLEDGEMENTS
I would like to express my gratitude to all those who helped me during the writing of this
article.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The authors received no funding for this work.

Competing Interests
The authors declare that they have no competing interests.

Sun et al. (2022), PeerJ, DOI 10.7717/peerj.14495 9/12

http://dx.doi.org/10.7717/peerj.14495
https://peerj.com/


Author Contributions
� Mingze Sun conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, and approved the final draft.

� Zhongmin Li analyzed the data, authored or reviewed drafts of the article, and approved
the final draft.

� Zhenbo Shu analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

� Qi Wu analyzed the data, prepared figures and/or tables, and approved the final draft.
� Xue Liu conceived and designed the experiments, performed the experiments, analyzed
the data, authored or reviewed drafts of the article, and approved the final draft.

Human Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The study was approved by the Ethics Committee of Zhejiang Tongde Hospital (Ethical
Application Ref: Zhejiang Tong De Kuaishen Zi [2021] 072 Clinical staging).

Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.14495#supplemental-information.

REFERENCES
Agha FP. 1986. Intussusception in adults. American Journal of Roentgenology 146(3):527–531

DOI 10.2214/ajr.146.3.527.

Akbulut S. 2012. Intussusception due to inflammatory fibroid polyp: a case report and
comprehensive literature review. World Journal of Gastroenterology 18(40):5745–5752
DOI 10.3748/wjg.v18.i40.5745.

Balogun OS, Olajide TO, Afolayan M, Lawal A, Osinowo AO, Adesanya AA. 2019. An appraisal
of the presentation and management of adult intussusception at a nigerian tertiary hospital.
Nigerian Postgraduate Medical Journal 26(3):169–173 DOI 10.4103/npmj.npmj_47_19.

Briggs JH, McKean D, Palmer JS, Bungay H. 2014. Transient small bowel intussusception in
adults: an overlooked feature of coeliac disease. BMJ Case Reports 2014:bcr2013203156
DOI 10.1136/bcr-2013-203156.

Eisen LK, Cunningham JD, Aufses AH Jr. 1999. Intussusception in adults: institutional review.
Journal of the American College of Surgeons 188(4):390–395
DOI 10.1016/s1072-7515(98)00331-7.

El-Sergany A, Darwish A, Mehta P, Mahmoud A. 2015. Community teaching hospital surgical
experience with adult intussusception: study of nine cases and literature review. International
Journal of Surgery Case Reports 12:26–30 DOI 10.1016/j.ijscr.2015.03.032.

Sun et al. (2022), PeerJ, DOI 10.7717/peerj.14495 10/12

http://dx.doi.org/10.7717/peerj.14495#supplemental-information
http://dx.doi.org/10.7717/peerj.14495#supplemental-information
http://dx.doi.org/10.7717/peerj.14495#supplemental-information
http://dx.doi.org/10.2214/ajr.146.3.527
http://dx.doi.org/10.3748/wjg.v18.i40.5745
http://dx.doi.org/10.4103/npmj.npmj_47_19
http://dx.doi.org/10.1136/bcr-2013-203156
http://dx.doi.org/10.1016/s1072-7515(98)00331-7
http://dx.doi.org/10.1016/j.ijscr.2015.03.032
http://dx.doi.org/10.7717/peerj.14495
https://peerj.com/


Elena RM, Riccardo U, Rossella C, Bizzotto A, Domenico G, Guido C. 2012. Current status of
device-assisted enteroscopy: technical matters, indication, limits and complications. World
Journal of Gastrointestinal Endoscopy 4(10):453–461 DOI 10.4253/wjge.v4.i10.453.

Farhan M, Bibi A, Zulfiqar O, Imran M, Ali Z. 2020. Adult mid ileo-ileal intussusception
secondary to inflammatory myofibroblastic tumor (IMT): a case report and literature review.
Cureus 2018:e10902 DOI 10.7759/cureus.10902.

Goh BKP, Quah H-M, Chow PKH, Tan K-Y, Tay K-H, Eu K-W, Ooi LLPJ, Wong W-K. 2006.
Predictive factors of malignancy in adults with intussusception. World Journal of Surgery
30(7):1300–1304 DOI 10.1007/s00268-005-0491-1.

Gore RM, Silvers RI, Thakrar KH, Wenzke DR, Mehta UK, Newmark GM, Berlin JW. 2015.
Bowel obstruction. Radiologic Clinics of North America 53(6):1225–1240
DOI 10.1016/j.rcl.2015.06.008.

Gueye ML, Sarr ISS, Gueye MN, Thiam O, Seck M, Toure AO, Cisse M, Ka O, Dieng M. 2018.
Adult ileocecal intussusception induced by adenomatous ileal polyp: case report and literature
review. Journal of Surgical Case Reports 2018(9):1 DOI 10.1093/jscr/rjy256.

Gupta RK, Agrawal CS, Yadav R, Bajracharya A, Sah PL. 2011a. Intussusception in adults:
institutional review. International Journal of Surgery 9(1):91–95 DOI 10.1016/j.ijsu.2010.10.003.

Gupta A, Gupta S, Tandon A, Kotru M, Kumar S. 2011b. Gastrointestinal stromal tumor causing
ileo-ileal intussusception in an adult patient a rare presentation with review of literature. Pan
African Medical Journal 8(1):29 DOI 10.4314/pamj.v8i1.71086.

Hong KD, Kim J, Ji W, Wexner SD. 2019. Adult intussusception: a systematic review and
meta-analysis. Techniques in Coloproctology 23(4):315–324 DOI 10.1007/s10151-019-01980-5.

Honjo H, Mike M, Kusanagi H, Kano N. 2015. Adult intussusception: a retrospective review.
World Journal of Surgery 39(1):134–138 DOI 10.1007/s00268-014-2759-9.

Ikram S, Tani S, Kaur G, Hemadri M. 2018. Telescoping jejunum: a case of adult intussusception.
BMJ Case Reports 2018:bcr2017224051 DOI 10.1136/bcr-2017-224051.

Kang SI, Gu MJ. 2020. Synchronous ileal inflammatory fibroid polyp and Meckel’s diverticulum
found during laparoscopic surgery for adult intussusception. Yeungnam University Journal of
Medicine 37(3):226–229 DOI 10.12701/yujm.2019.00388.

Kang S, Lee SI, Min BW, Lee TH, Baek S‐J, Kwak J‐M, Kim J, Kim S‐H, Kim JS, Ji W‐B, Um JW,
Hong KD. 2020. A multicentre comparative study between laparoscopic and open surgery for
intussusception in adults. Colorectal Disease 22(10):1415–1421 DOI 10.1111/codi.15102.

Kim JW, Lee BH, Park SG, Kim BC, Lee S, Lee S-J. 2018. Factors predicting malignancy in adult
intussusception: an experience in university-affiliated hospitals. Asian Journal of Surgery
41(1):92–97 DOI 10.1016/j.asjsur.2016.11.010.

Lianos G, Xeropotamos N, Bali C, Baltoggiannis G, Ignatiadou E. 2013. Adult bowel
intussusception: presentation, location, etiology, diagnosis, and treatment.Giornale Di Chirurgia
34(9–10):280–283 DOI 10.11138/gchir/2013.34.9.280.

Llorente CP, Pérez AM, Sprekelsen JCB, Tomás JCS, Villena EA. 2018. Laparoscopic surgery for
adult enterocolic intussusception: case report and literature review. Gastroenterol Hepatol
41(4):255–257 DOI 10.1016/j.gastre.2018.04.009.

Marinis A, Yiallourou A, Samanides L, Dafnios N, Anastasopoulos G, Vassiliou I,
Theodosopoulos T. 2009. Intussusception of the bowel in adults: a review. World Journal of
Gastroenterology 15(4):407–411 DOI 10.3748/wjg.15.407.

Rafailidis V, Phillips C, Yusuf G, Sidhu P. 2017. A case of adult intussusception with greyscale,
contrast-enhanced ultrasound and computerised tomography correlation. Ultrasound
25(2):120–125 DOI 10.1177/1742271X16678646.

Sun et al. (2022), PeerJ, DOI 10.7717/peerj.14495 11/12

http://dx.doi.org/10.4253/wjge.v4.i10.453
http://dx.doi.org/10.7759/cureus.10902
http://dx.doi.org/10.1007/s00268-005-0491-1
http://dx.doi.org/10.1016/j.rcl.2015.06.008
http://dx.doi.org/10.1093/jscr/rjy256
http://dx.doi.org/10.1016/j.ijsu.2010.10.003
http://dx.doi.org/10.4314/pamj.v8i1.71086
http://dx.doi.org/10.1007/s10151-019-01980-5
http://dx.doi.org/10.1007/s00268-014-2759-9
http://dx.doi.org/10.1136/bcr-2017-224051
http://dx.doi.org/10.12701/yujm.2019.00388
http://dx.doi.org/10.1111/codi.15102
http://dx.doi.org/10.1016/j.asjsur.2016.11.010
http://dx.doi.org/10.11138/gchir/2013.34.9.280
http://dx.doi.org/10.1016/j.gastre.2018.04.009
http://dx.doi.org/10.3748/wjg.15.407
http://dx.doi.org/10.1177/1742271X16678646
http://dx.doi.org/10.7717/peerj.14495
https://peerj.com/


Rahimi E, Guha S, Chughtai O, Ertan A, Thosani N. 2016. Role of enteroscopy in the diagnosis
and management of adult small-bowel intussusception. Gastrointestinal Endoscopy
84(5):863–864 DOI 10.1016/j.gie.2016.05.027.

Rea JD, Lockhart ME, Yarbrough DE, Leeth RR, Bledsoe SE, Clements RH. 2007. Approach to
management of intussusception in adults: a new paradigm in the computed tomography era. The
American Surgeon 73(11):1098–1105 DOI 10.1177/000313480707301104.

Ruiz-Tovar J, López-Delgado A, Santos JE, Arroyo A, Calpena R. 2013. Laparoscopic treatment
of sigmoid colon intussusception secondary to giant submucosal lipoma. Acta
Gastroenterologica Latinoamericana 43(1):36–38.

Shenoy S. 2017. Adult intussusception: a case series and review. World Journal of Gastrointestinal
Endoscopy 9(5):220–227 DOI 10.4253/wjge.v9.i5.220.

Shimazaki J, Nakachi T, Tabuchi T, Suzuki S, Ubukata H, Tabuchi T. 2015. Laparoscopic
management of an octogenarian adult intussusception caused by an ileal lipoma suspected
preoperatively: a case report. World Journal of Surgical Oncology 13(1):75
DOI 10.1186/s12957-015-0504-y.

Siow SL, Goo ZQ, Mahendran HA, Wong CM. 2020. Laparoscopic versus open management of
adult intussusception. Surgical Endoscopy 34(10):4429–4435 DOI 10.1007/s00464-019-07220-z.

Siow SL, Mahendran HA. 2014. A case series of adult intussusception managed laparoscopically.
Surgical Laparoscopy, Endoscopy & Percutaneous Techniques 24(4):327–331
DOI 10.1097/SLE.0000000000000006.

Tartaglia D, Bertolucci A, Palmeri M, Kauffmann EF, Napoli N, Galatioto C, Lippolis PV,
Zocco G, Seccia M. 2014. The role of laparoscopy in adult bowel obstruction caused by
intussusception. Annali Italiani Di Chirurgia 85(4):328–331.

Wang N, Cui X-Y, Liu Y, Long J, Xu Y-H, Guo R-X, Guo K-J. 2009. Adult intussusception: a
retrospective review of 41 cases. World Journal of Gastroenterology 15(26):3303–3308
DOI 10.3748/wjg.15.3303.

Yakan S, Caliskan C, Makay O, Denecli AG, Korkut MA. 2009. Intussusception in adults: clinical
characteristics, diagnosis and operative strategies. World Journal of Gastroenterology
15(16):1985–1989 DOI 10.3748/wjg.15.1985.

Zubaidi A, Al-Saif F, Silverman R. 2006. Adult intussusception: a retrospective review. Diseases of
The Colon & Rectum 49(10):1546–1551 DOI 10.1007/s10350-006-0664-5.

Sun et al. (2022), PeerJ, DOI 10.7717/peerj.14495 12/12

http://dx.doi.org/10.1016/j.gie.2016.05.027
http://dx.doi.org/10.1177/000313480707301104
http://dx.doi.org/10.4253/wjge.v9.i5.220
http://dx.doi.org/10.1186/s12957-015-0504-y
http://dx.doi.org/10.1007/s00464-019-07220-z
http://dx.doi.org/10.1097/SLE.0000000000000006
http://dx.doi.org/10.3748/wjg.15.3303
http://dx.doi.org/10.3748/wjg.15.1985
http://dx.doi.org/10.1007/s10350-006-0664-5
http://dx.doi.org/10.7717/peerj.14495
https://peerj.com/

	Adult intussusception: a challenge to laparoscopic surgery?
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


