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Introduction
Many malformations of the appendix have been reported, including those involving
length, location, and numbers. Duplex appendix is a rare occurrence and is reported
with an incidence of 0.004%.1 Duplex appendix was systemically classified on the
basis of Waugh’s and Wallbridge’s theory.2,3 This classification may provide some
suggestions regarding the embryonic development of the cecum as well as clinical
experiences.
As one type of duplex appendix, the horseshoe appendix, is extremely rare, there
are only 13 reported cases (four cases in China were not recorded in English).4–13 Some
cases were identified as internal hernias resulting in intestinal necrosis.7 It should be
noted that two of the 13 horseshoe appendix cases involved tumors. One was a B-cell
non-Hodgkin’s lymphoma, and the other one was tubulovillous adenoma in the ascending colon. As the cases were very rarely reported with a high clinical risk, we advise
paying closer attention to this subtype of duplex appendix taking in account that acute
appendicitis is the most frequent digestive surgical emergency.

Case presentation
A 22-year-old man presented with a 3-day history of fever of 39°C and cough producing
yellow sputum. He also appeared general malaise with nausea and vomiting. On examination, the man had rough breath sounds. An abdominal examination revealed mild
epigastric tenderness without other definite positive signs, and the patient denied
have had previous episodes with abdominal pain. A chest roentgenogram suggested
bilateral pneumonia. His leukocyte count was elevated at 16×109/L. He had a history
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Abstract: A horseshoe appendix is a subtype of duplex appendix, in which the appendix is
shaped like a circle that may lead to an internal hernia and result in intestinal necrosis. This
subtype is extremely rare, with only 13 cases reported worldwide to date, and easily triggers a
series of medico-legal consequences due to the neglect of another infection base of the appendix.
We describe a 22-year-old man who presented with a 3-day history of fever and was diagnosed
with pneumonia. After receiving antibiotics for 3 days in the Department of Pneumology, he
was found to have a periappendiceal abscess. He underwent appendectomy after 3 days of
conservative treatment failure in the Department of General Surgery. During the operation, we
found that he had a horseshoe appendix with the two bases forming a circle, each communicating
with the cecum. We provide a review of 13 cases presented in the literature, with a discussion
of the clinical features, diagnosis, and surgical approach of the horseshoe appendix to make the
general surgeon get a clear concept of this type of appendicitis.
Keywords: appendix malformation, hernia, intestinal obstruction, embryonic development,
appendix neoplasm
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of diabetes for 5 years, which was treated with insulin. He
was diagnosed with pneumonia. Unexpectedly, during the
3 days of treatment with azithromycin in the Department of
Pneumology, his fever never decreased. He gradually developed right lower quadrant pain with guarding and rebound
tenderness. Reexamination revealed an 8×8×6 cm mass.
Ultrasound showed decreased echo owing to inflammation.
Abdominal computed tomography (CT) revealed gas-liquid
levels and dilatation of the intestinal tract (Figure 1). The
appendiceal area was obscured. According to the above
examination, we judged that he already had a periappendiceal abscess at that time. The leukocyte count increased
to 23×109/L at this time. Then, the patient was transferred
to the Department of General Surgery with conservative
treatment according to his long medical history and the formation of the appendicular abscess. We used cefoperazone
sodium and sulbactam sodium combined with ornidazole.
After 3 days of conservative treatment failed, surgery was
performed via a right rectus abdominis incision. There was
500 mL of yellow-white festering around the paracolic
sulcus. The tenia coli were traced down to their confluence,
and the base was identified with a perforation. We decided
to determine whether it was terminal, but we separated more
than 10 cm without locating the terminus. Due to the severe
adhesions, we used silk to bundle the appendix and cut it
into two parts (Figure 2). Then, we separated it to a size of
approximately 5 cm and we were surprised to find that the
other base grew at the first appendix’s frontal disposition.
The diameter of the longer appendix was 1.0–2.0 cm, and

Figure 1 Abdominal CT showing the gas-liquid levels and dilatation of the intestinal
tract and an obscured appendiceal area revealing edema of this area (circle).
Note: However, when we reviewed the CT repeatedly after the operation, the
images appeared to show that the appendix was shaped like a horseshoe, a finding
that was easily ignored.
Abbreviation: CT, computed tomography.
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Figure 2 The horseshoe appendix was bundled and cut into two parts (arrow) to
manage it side by side for severe adhesions in the appendiceal area.

that of the shorter one was 0.5–0.8 cm. Both appendix bases
were perforated, and we bundled them (Figure 3). The central mesenteric vessel was fan shaped (Figures 4 and 5). We
distinguished the central mesenteric vessel from the ureter
and bundled it. Both appendices were resected. The appendix
was sent for pathological examination. It reported that there
was marked neutrophilic infiltrated within and around the
appendix. Two appendix bases were perforated and had their
lumens both communicate with cecum. The postoperative
recovery was uneventful except for slight hoarseness that
recovered after 5 days, and the patient was discharged on
postoperative day 9.

Figure 3 Both divided bases (arrow) are completely shown.
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Figure 4 Frontally displaced mesentery (our case is of this type).

Informed consent
The study was approved by the Ethics Committee of The
Second Affiliated Hospital of Dalian Medical University.
Written informed consent was obtained from the patient
to have the case details and any accompanying images
published.

Discussion
A horseshoe appendix is an extremely rare type of duplex
appendix. There is little information about this type of appendiceal anomaly. There are a few reports in the literature on
these cases. We summarized the demographic and clinical
characteristics of these patients (Table 1).4–13 Based on our
review of the literature, our patient is the 14th reported case
of horseshoe appendix.
Some points should be highlighted in this case:
• This case was initially diagnosed as pneumonia because
he had obvious respiratory symptoms and tomography
affirmed the diagnosis. However, he also had digestive

Figure 5 Sagittally displaced mesentery.
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tract symptoms that were easily ignored because patients
with pneumonia often have general malaise with fever.
Nevertheless, we should consider evaluating whether
patients have other diseases to avoid delaying diagnosis
and avoiding risk.
• We scanned his abdomen with ultrasound and CT before
surgery and were unable to diagnose horseshoe appendix
before surgery. However, we reviewed the CT repeatedly
after surgery and the images appeared to show that the
appendix was shaped like a circle (Figure 1), a finding
that was easily ignored.
• Although we used a large incision, we did not find other
organ malformations.
We analyzed the 14 reported cases (Table 1), including
nine men and five women who ranged in age from 4 to
78 years (with an average age of 41 years). Patients were
diagnosed with appendicitis (7/14), appendicular mass
(2/14), bowel occlusion (3/14), B-cell non-Hodgkin’s lymphoma (1/14), and tubulovillous adenoma of the ascending
colon (1/14). Horseshoe appendix is difficult to diagnose
preoperatively; therefore, ultrasound and three-dimensional
reconstruction may be helpful.5 Only two patients were diagnosed with horseshoe appendix preoperatively by ultrasound
and three-dimensional rebuilt images.5
There is a clear indication for surgery in symptomatic
cases. Except for one case diagnosed with B-cell nonHodgkin’s lymphoma treated with chemotherapy in addition to simple resection,11 the other appendices were simply
removed. The treatment of choice is complete surgical excision. In asymptomatic cases, whether they should be treated
conservatively or not requires close follow-up.
We found the appendix to be supplied by a single fanshaped vessel, which was confirmed by other cases. The
patients can be classified into the following two types based
on the location of the mesentery: frontal types (6/14), with
the bases of the appendix not on the tenia (Figure 4), and
sagittal types (5/14), with the bases of the appendix along
the tenia (Figure 5). As for the orifice of the bases, almost
all cases showed that the appendix communicated with the
cecum at both ends, except for two cases: one that showed
communication from the cecum to the ascending colon5 and
the other one that showed communication from the cecum
to the hepatic flexure of the colon.6
A feature that made us pay more attention to this type
of appendiceal malformation was revealed by Drino et al,7
who described a horseshoe appendix that induced an internal
hernia, resulting in intestinal necrosis (3/14). Their patient’s
postoperative course was complicated by partial gangrene of
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Year

1989
1994

1999
2000
2006
2010
2010

2011

2012

2013
2016
2016
2016

2017

Author

Mesko et al12
Dong et al19
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Dasgupta et al10
Li and Yu20
Cai and Lin21
Calotă et al4
Ninos et al11

Dube et al6

Li and Liu22

Oruç et al9
Bulut et al13
Singh et al8
Takabatake et al5

Our case

22

64
52
5
78

46

32

48
30
56
43
20

33
46

Age
(years)

Table 1 Cases of a horseshoe appendix

Male

Female
Female
Male
Male

Male

Male

Male
Female
Male
Female
Female

Male
Male

Sex

Appendicitis + bowel
occlusion
Appendicitis
Appendicitis
Appendicitis
Tubulovillous adenoma in
ascending colon
Appendicular mass

Appendicular mass
Appendicitis
Appendicitis
Bowel occlusion
B-cell non-Hodgkin’s
lymphoma
Appendicitis

Appendicitis
Bowel occlusion

Diagnosis

15 cm

Unclear
8 cm
Unclear
Unclear

7 cm

7 cm

Unclear
Unclear
8 cm
13.5 cm
4 cm

Unclear
20 cm

Length

Frontal

Unclear
Frontal
Frontal
Sagittal

Unclear

Sagittal

Frontal
Frontal
Sagittal
Sagittal
Sagittal

Unclear
Frontal

Type

No

No
No
No
No

Yes/ileum

No

No
No
No
No
No

Unclear
Yes/ileum

Internal
hernia

Unclear

Unclear
Unclear
None
Unclear

Unclear

Unclear

Unclear
Unclear
Unclear
Unclear
Unclear

Unclear
Unclear

Other
anomalies

Cecum-cecum
Cecum-cecum
Cecum-cecum
Cecum-ascending
colon
Cecum-cecum

Cecum-hepatic flexure
of the colon
Cecum-cecum

Cecum-cecum
Cecum-cecum
Cecum-cecum
Cecum-cecum
Cecum-cecum

Unclear
Cecum-cecum

Orifice

Appendectomy

Appendectomy +
enterotomy
Appendectomy
Appendectomy
Appendectomy
Ileocecal resection

Appendectomy
Appendectomy +
enterotomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy
Appendectomy +
chemical therapy
Appendectomy

Operation
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the cecum and fistula of the intestines on a completely intact
part of the intestinal wall, possibly explained by the presence
of anomalous vascularization in the area.7 This anomalous
vascularization was also found in two cases reported by
Chinese specialists. In addition, we should pay more attention
to whether patients have other malformations. According to
some reports, when a duplication of appendix is encountered
in these patients, other intestinal, genitourinary, or vertebral
malformations must be explored, requiring our attention. The
published case reports were deficient in terms of this information. Whether these malformations have a relationship
with tumorigenesis needs to be explored. In only one other
case, there was a search for other malformations during the
operation,8 which should be emphasized in future studies.
Some classifications of appendiceal anomalies have
been developed by Cave14 and Biermann et al.15 In 2010,
Calotă et al4 reported a classification system for anomalies
of the appendix, which were modified by Takabatake et al5
to cover the types of horseshoe appendix. The classification
of appendiceal anomalies is provided in Table 2.2–5,14,15
Duplication of the appendix ranges from branching of
the appendiceal trunks to a fully mature appendix located
elsewhere along the colon, as described by Nageswaran et al18

One type of duplex appendix: horseshoe appendix

in the beginning of 2018. Most duplications of the appendix
can be categorized according to the Cave–Wallbridge classification. There are 22 Type A, eight Type B1, 46 Type B2,
and 10 Type C cases (Cave–Wallbridge) reported. There
are 13 cases of horseshoe appendix (including four cases in
China) and two cases of triple appendix reported.
Based on the classification of the horseshoe appendix, some experts have tried to provide embryological
explanations for its development. The appendix is a diverticulum of the cecum. The appendix increases excessively in
length with the right wall of the cecum pushing the appendix
down immediately.16 There are also four theories for gastrointestinal duplication: the split notochord theory; median
septum formation; normal regression of embryonic diverticula; and partial twinning procedure.17 One phenomenon
was described by Kelly, Hurden, Gladstone, and Wakeley
in which a transient appendix develops from the terminus
of the cecum at the initial fifth week and atrophies at the
seventh week and soon disappears. The remaining appendix
continues to grow. Cave14 believes that the transient appendix may be substantiation of the duplication of the appendix.
As a type of duplex appendix, however, there is no definite
proof of how a horseshoe appendix develops.

Table 2 Classification of appendiceal anomalies
• Number anomalies
1.	Agenesis: absence of appendix
2. Duplex appendix
A: partial duplication with both appendices sharing a common base like “Y-shaped” on a single cecum
B: complete duplication of the appendix on a single cecum
• B1 avian type or “bird-like appendix”: two appendices symmetrically placed on either side of the ileocecal valve. In humans, it is found associated
with intestinal and/or genitourinary anomalies
• B2 tenia coli cecum type: one appendix arising from the usual site of the cecum and the other arising from the cecum along the tenia
• B3 tenia coli hepatic flexure type: one appendix arising from the usual site of the cecum and the other arising from the hepatic flexure of the
colon along the tenia
• B4 tenia coli splenic flexure type: one appendix arising from the usual site of the cecum and the other arising from the splenic flexure of the
colon along the tenia
The later three (B2, B3, and B4) are not associated with other embryonic anomalies generally
C: duplication of the cecum, each has its own appendix
3. Triplex appendix: complete triplication of appendix on the cecum
• Shape anomalies
Horseshoe appendix
Location of the mesentery
• Sagittal disposal: the both bases of the appendix are along the tenia in sagittal direction
Location of the orifice
• Cecum-cecum
• Cecum-ascending colon
• Cecum-hepatic flexure of the colon
• Frontal disposal: the bases of the appendix are not on the tenia (Figure 5)
Location of the orifice
• Cecum-cecum
Note: Data from these studies.2–5,14,15
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Conclusion

Disclosure

Surgeons should consider this abnormal structure, even
though it is rare. If a malformation of the appendix is found
which is difficult to manage, the incision should be changed
in a timely fashion, instead of insisting on the McBurney
incision. When the behavior of the appendix does not correspond to the symptoms or the diagnosis of the patients,
especially in patients who have had previous surgery for
congenital abnormalities, a Type B1 or Type C duplication
should be considered. Similarly, for an anteriorly placed
appendix, away from the convergence of the tenia, it should
be determined whether there are other anatomic malformations. A careful examination of the cecal pole should be
performed, and the retrocecal space should be explored for
appendiceal malformations. More case reports of horseshoe
appendices are needed, and it should be determined whether
horseshoe appendix is related to tumorigenesis.
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