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Abstract
Background A direct inguinal hernia is caused by a weakness or defect in the �oor of the Hesselbach triangle. It is believed that direct
hernias are less likely to strangulate than indirect hernias, because the neck of the direct hernia is wide enough to avoid strangulation.
Approximately 8.6% of all incarcerated inguinal hernia contents can be returned to the abdominal cavity spontaneously after general
anesthesia, and intestinal ischemia or necrosis was detected by laparoscopic examination in approximately 40.9% of cases. However,
which surgical approach or mesh for an acutely incarcerated and strangulated groin hernia is still no consensus. We retrospectively
enrolled 12 patients with incarcerated inguinal hernias accompanied by small intestinal perforation who underwent laparoscopic
examination when the hernia content spontaneously returned into the abdominal cavity after induction of general anesthesia in our
institution.

Results 1 of the 12 patients had developed temporary seroma; the other 2 had early postoperative pain. No evidence of hernia
recurrence, chronic pain, infection, scrotal swelling, paralyticileus, persistent seroma, mortality, or any other complications were found
during the follow-up. At 1 year and most recent follow-up, all patients were satis�ed with the treatment outcome.

Conclusions It is a necessary to detect abdominal viscera when incarcerated inguinal hernia contents return to the abdominal cavity
spontaneously after general anesthesia, and laparoscopic examination is an e�cient method. Laparoscopic TAPP technique with
biologic meshes is a feasible method to treat strangulated inguinal hernias accompanied by small intestinal perforation. To better
understand whether TAPP or biologic mesh apply to strangulated inguinal hernia (especially enterectomy) and evaluate its wider
application, this treatment will need to be tested in larger clinical trials.

Background
An inguinal hernia is an abnormal protrusion of abdominal tissue through an inguinal fascial defect. When the hernia contents are
non-reducible and the blood supply is being cutting off, it develops into a strangulated inguinal hernia. The incidence rate of
strangulated inguinal hernia ranges from 0.29–2.9%, and the mortality rate ranged from 2.6–9% [1]. When it occurs, emergency
surgery is recognized as the only effective treatment [2]. However, which surgical approach or mesh for an acutely strangulated groin
hernia is still no consensus [2]. A direct inguinal hernia is caused by a weakness or defect in the �oor of the Hesselbach triangle. It is
believed that direct inguinal hernias are less likely to strangulate than indirect inguinal hernias, because the neck of the direct hernia
is wide enough to avoid strangulation.

Although there is no single standard repair technique for all inguinal hernias, the Lichtenstein approach or a laparo-endoscopic repair
is considered optimal treatment techniques [3]. Previous research has shown that approximately 8.6% of all incarcerated inguinal
hernia contents can be returned to the abdominal cavity spontaneously after general anesthesia, and intestinal ischemia or necrosis
was detected by laparoscopic examination in approximately 40.9% of cases [4].

Herein, we report a case series of strangulated direct inguinal hernia accompanied by small intestinal perforation that was managed
at A�liated Hospital of Hebei University, Baoding, China. In all cases, laparoscopic examination was performed when the hernia
content spontaneously returned into the abdominal cavity after induction of general anesthesia. We repaired the hernias using the
transabdominal preperitoneal (TAPP) technique with biologic meshes from porcine small intestinal submucosa.

Materials And Methods
Patients with incarcerated inguinal hernias accompanied by small intestinal perforation who underwent laparoscopic examination
when the hernia content spontaneously returned into the abdominal cavity after induction of general anesthesia in our institution
were included in this study. The preoperative diagnosis was made based on a history of unilateral or bilateral inguinal irreducible
hemispherical bulge associated with bellyache and tender as described by the patients, and was con�rmed by physical examination.
All patients were diagnosed as an incarcerated inguinal hernia by ultrasound examination and computed tomography (Fig. 1),and
were performed emergency surgery. Small intestinal perforation was detected and sutured and hernias were repaired using the TAPP
technique with biologic meshes from porcine small intestine submucosa during the operation. This was a retrospective review, but
informed consent for the surgical procedure was obtained from all patients before surgery and the institutional review board
approved the surgery and study.
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From January 2014 to January 2019, 12 Patients with incarcerated inguinal hernias accompanied by small intestinal perforation
were enrolled in this review. Clinical data was collected about sex, age, BMI, duration of incarceration, ASA score, laterality, hernia size,
postoperative complications (including early postoperative pain in the inguinal region, recurrence, chronic pain, infection, scrotal
swelling, paralyticileus, seroma, mortality), drainage tube removal time.

Surgical Procedure
The patient was placed in the supine position. When the hernia content spontaneously returned into the abdominal cavity after
induction of general anesthesia, the infraumbilical incision was taken and then a 30° optical laparoscope was introduced through a
10-mm trocar. Two additional 5-mm operative trocars were placed on the right and left sides of the rectus abdominis muscle at the
level of the umbilicus, respectively. Laparoscopic examination showed that pyogenic �uids and purulent material spread over the
surface of the small intestine and inside the peritoneum in the lower abdominal cavity and the pelvic cavity. Small intestinal
perforation was detected after we cleaned the pus and upon checking the intestinal canal. Direct inguinal hernias were con�rmed by
observing the fascial defect located in the area medial to the inferior epigastric artery. The extent of contamination by intestinal
content was relatively minor at the peritoneum surrounding the hernia ring and hernia sac in all cases, because the operation was
performed immediately after the hernia content returned into the abdominal cavity.

After washing with plenty of normal saline, we sutured the perforation of the small intestine using a 3/0 prolene (Ethicon, New Jersey,
America) and repaired the hernias using the TAPP technique with biologic meshes from porcine small intestine submucosa
(Biodesign/surgisis, Cook medical, Indiana, America); the hernia rings were subsequently sutured by using 2 − 0 slow-absorbing
barbed sutures(Strata�x, Ethicon, New Jersey, America). Before closing the peritoneum, a 12# drainage tube was placed between the
peritoneum and mesh through a trocar (Fig. 2). After closing the peritoneum, a 22# drainage tube placed in the pelvic cavity.

All the surgical procedures were performed by the same surgeon with su�cient experience in laparoscopic TAPP technique.

Postoperative Management
Postoperative antibiotics and nutritional support were given. On postoperative �fth day, all patients vented and defecated normally,
and had �uids by mouth. The drainage tube placed in the pelvic cavity was removed on postoperative seventh day. The drainage
tubes placed between the peritoneum and mesh were removed when no seroma was con�rmed by ultrasound examination and when
less than 5ml of exudate were drained out from the drainage tubes for 2 consecutive days(Table 1, Fig. 3).
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Table 1
Postoperative time course of volume of the drainage tubes placed between the

peritoneum and mesh (ml)
Case POD1 POD2 POD3 POD4 POD5 POD6 POD7 POD8

1 12 8 10 4 0 R    

2 22 16 15 10 3 3 R  

3 32 36 15 13 9 5 3 R

4 16 11 7 4 3 R    

5 18 15 21 11 4 1 R  

6 21 15 8 3 2 R    

7 36 42 18 8 3 2 R  

8 Left 23

Right 28

Left 19

Right 25

P          

9 11 10 0 0 R      

10 21 15 9 3 0 R    

11 15 18 9 3 0 R    

12 35 42 21 13 11 4 2 R

POD: postoperative day; R: removed; P: prolapsed

Results
The clinical characteristics of the patients and postoperative outcomes are shown in Table 2. There were 10 males and 2 females in
this study, with a male-to-female ratio of 5:1. The patients ranged in age from 53 to 71 years, with a median age of 60.2 ± 5.0 years.
Mean follow-up period was 19.3 ± 5.4 (range 13–28) months.
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Table 2
Characteristics of patients and postoperative outcomes

Case Sex Age BMI
(kg/m2)

Duration of
incarceration
(hours)

ASA
score

Laterality Hernia
size(cm)

Postoperative
complications

Drainage
tube
removal
time (days)

Follow-
up
(months)

1 Male 54 26 7 Right 2.1 ― 6 24

2 Male 63 29 8 Right 1.3 ― 7 19

3 Male 64 26 5 Left 1.6 early
postoperative
pain

8 27

4 Male 56 24 4 Right 1.7 ― 6 28

5 Female 62 25 10 Right 1.0 ― 7 15

6 Male 58 27 4 Left 1.5 ― 6 26

7 Male 53 27 6 Right 1.6 ― 7 16

8 Male 62 32 3 Bilateral Left 3.5

Right
1.0

temporary
seroma

3
(prolapsed)

18

9 Male 61 21 8 Left 2.2 ― 5 15

10 Male 71 24 9 Right 1.3 ― 6 16

11 Female 57 24 3 Right 1.5 early
postoperative
pain

6 15

12 Male 61 34 6 Right 1.7 ― 8 13

In one case, bilateral direct inguinal hernias were con�rmed by laparoscopic examination (dimensions: 3.5cm in diameter in the left
and 1.0cm in diameter in the right). The hernia ring and sac in the left was relatively clean; on the contrary, purulent material was
detected in the right. From the evidence, we deduced that the small intestinal perforation was caused by the right incarcerated direct
inguinal hernia (Fig. 2). However, we also repaired bilateral hernias with biologic meshes. On day 3 post-surgery, both drainage tubes
prolapsed due to patient movement. The patient felt slight swelling in both inguinal areas, and ultrasound examination showed a
collection of free �uid (dimensions: 4.4×3.4×1.3cm in the left and 3.6×2.6×1.4cm in the right) on day 5. A seroma was considered,
and observe treatment was given. The bowel recovered normal function, and no any discomfort after the patient had �uids by mouth.
The free �uid area shrunk on day 20 (dimensions: 2.3×1.7×1.2cm in the left and 2.1×1.2×1.1cm in the right), and disappeared on day
37.

In two cases, early postoperative pain was complained on the �rst postoperative day and was signi�cantly relieved after 2 days of
analgesia therapy.

No evidence of hernia recurrence, chronic pain, infection, scrotal swelling, paralyticileus, persistent seroma, mortality, or any other
complications were found during the follow-up. At 1 year and most recent follow-up, all patients were satis�ed with the treatment
outcome.

Discussion
When incarcerated inguinal hernia content returned to the abdominal cavity spontaneously after general anesthesia, the traditional
options chosen by the surgeon tend to be treatments based on observation or an exploratory laparotomy. Hernia sac laparoscopy
(hernioscopy) performed following insertion of a laparoscope through the hernia sac, is simple and accurate technique with the
potential to prevent unnecessary laparotomies after spontaneous incarcerated inguinal hernia reduction [5, 6]; however, this is the
foundation for open surgery.
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The transabdominal preperitoneal approach, is a safe and effective surgical method for inguinal hernia [2], and can provide the best
operative �eld of vision, su�cient time to observe the vital recovery of hernia contents (especially lustre and peristalsis of intestinal
canal), and reduce unnecessary intestinal resection. In fact, the color change, the peristalsis and the vitality of the intestine, if in
doubt, the intestinal vitality involved in incarceration, is de�nitely an advantage for open procedure, because the surgeon in the open
procedure has less time to make a decision about whether to perform a bowel resection [7]. It is therefore recommended that repair of
incarcerated hernias may be performed with a laparoscopic approach in the guidelines of the World Society of Emergency Surgery
(WSES) [8, 9]. In our experience, we believe that use of laparoscopic examination is a reasonable method for two reasons: 1) we could
accurately assess the condition of the small intestine, and sutured the perforation; 2) this approach established the foundation for
TAPP. The risk of reoperation was avoided because the perforation was detected in a timely manner.

Mesh repair is recommended as the �rst choice, either by an open procedure or a laparo-endoscopic repair technique [2]. A well-done
cohort study of Lichtenstein repairs in a clean-contaminated area (enterectomy vs. nonenterectomy) revealed that it was safe to
repair acute incarcerated inguinal hernia using a non-absorbable mesh (mono�lament polypropylene) with an acceptable rate of
wound infection and recurrence [10]. However, there is no medical recommendation yet regarding the optimum choice of mesh for
patients with of bowel perforation (contaminated-dirty area).

A biologic mesh is mainly composed of collagen, elastin, glycoprotein and mucin, which are an extracellular matrix �ber mesh
scaffold. BioMesh Study Group did not recommend the routine use of biologic mesh under contaminated conditions, because the
cumulative data regarding biologic mesh use in ventral hernia do not support the claim that it is better than synthetic mesh used
under the same conditions [11]. Previous literature has expressed the effectiveness of the use of biologic mesh under contaminated
conditions; unfortunately it included in reviews consisted low level of evidence [12].

In the guidelines of the WSES, biologic meshes may be a valid option for emergency hernia repair in contaminated-dirty surgical �elds
but merit a detailed cost-bene�t analysis [9]. However biologic mesh can repair abdominal wall defects by stimulating endogenous
tissue regeneration, and possesses more powerful anti-infection ability which is one of the main marketed described advantages of
biologic meshes [13–15]. As early as 2002, Franklin et al. [16] reported for the �rst time the research of hernia repair with biologic
meshes from porcine small intestinal submucosa in 25 cases of external abdominal hernia under contaminated or seriously
contaminated environment; the average follow-up period was 15 months, and no complication related to the mesh and hernia
recurrence was found. Later, patients were expanded to 53 cases, and the same results were still obtained after an average
observation period of 19 months [17]. FitzGerald JF et al. [18] reported that the recurrence rate was signi�cantly reduced when
biological mesh used to reinforce the repair compared with used as a bridge. From the perspective of economics, Schneeberger et al.
[19] reported that with the decrease of biologic mesh cost and the increase of long-term complications of synthetic mesh, biologic
mesh was more economical and effective than synthetic mesh.

For these reasons, we sutured the hernia rings and chose biologic meshes to repair hernias in this research, and the results showed
that the patient bene�ted from the treatment. Drainage tubes were placed between the peritoneum and meshes to prevent
in�ammatory in�ltration and seroma formation. However, despite this minor complication (1 case of temporary seroma, 2 cases of
early postoperative pain), the patient recovered steadily.

Conclusion
We report a case series of strangulated direct inguinal hernia accompanied by small intestinal perforation that was successfully
managed with hernia repair by laparoscopic TAPP technique with biologic meshes from porcine small intestinal submucosa. It is a
necessary to detect abdominal viscera when incarcerated inguinal hernia contents return to the abdominal cavity spontaneously after
general anesthesia, and laparoscopic examination is an e�cient method. Laparoscopic TAPP technique with biologic meshes is a
feasible method to treat strangulated inguinal hernias accompanied by small intestinal perforation. To better understand whether
TAPP or biologic mesh apply to strangulated inguinal hernia (especially enterectomy) and evaluate its wider application, this
treatment will need to be tested in larger clinical trials.

Abbreviations
Transabdominal preperitoneal: TAPP; World Society of Emergency Surgery: WSES.
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Figure 1

CT showing: a) bowel tissue herniation into both inguinal canal b) the left side c) the right side
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Figure 2

Laparoscopic examination and treatment: a) the left hernia ring b) the right hernia ring c) suturing the small intestinal perforation d)
suturing the left hernia ring e) suturing the right hernia ring f) placement of biologic mesh g) placement of a drainage tube between
the peritoneum and mesh h) closure of peritoneum
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Figure 3

Postoperative time course of volume of the drainage tubes placed between the peritoneum and mesh


