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ABSTRACT

Introduction: Urachal remnant disease occurs when the fetal urachus fails to close
after birth. We perform surgical excision of umbilical sinus-type urachal remnants,
aiming for complete resection to prevent residual urachal epithelium, which may
become a source for urachal carcinoma. This study reports immunohistochemical
findings from surgical specimens to assess epithelial involvement and inform
resection strategies.

Materials and Methods: We reviewed cases of urachal remnant excision
performed over one year at the Department of Plastic Surgery, Kitasato
University Medical Center. Patient characteristics, including age, sex, symptoms,
MRI findings, length of resected cord-like structures, and histopathological results,
were examined. Histological evaluation included hematoxylin and eosin (H&E)
staining and immunohistochemistry. Markers used were keratin AE1/AE3 and
epithelial membrane antigen (EMA) for epithelial cells, factor VIl for vascular
endothelium, a-smooth muscle actin (ASMA) for smooth muscle cells, and S-100
protein for nerve fibers.

Results: Five patients (3 males, 2 females; age range 16—69 years) underwent
surgery for urachal remnant disease. All presented with peri-umbilical
inflammation. Preoperative MRI identified tubular structures ranging from 1.2 to
6.4 cm, while the resected cord-like structures measured 6 to 11 cm. The resected
specimens were 3 to 5.2 cm longer than the tubular structures seen on MRI, and
no tubular structures were observed at the surgical margins. Three cases showed
clear tubular structures on H&E staining, all of which were positive for keratin
AE1/AE3 and EMA, with keratin AE1/AE3 showing stronger staining. The
remaining two cases, without clear tubular structures, were negative for keratin
AE1/AE3 and EMA. aSMA was positive in all cases, while no significant findings
were noted with factor VIl or S-100 protein.

Discussion: The ideal resection range for urachal remnants remains unclear. In this
study, resecting at least 2 cm beyond inflammatory signs during surgery,
combined with intraoperative confirmation of the absence of tubular structures,
resulted in complete excision. Immunohistochemical staining, particularly keratin
AE1 /AE3, was valuable in identifying residual epithelial components, while aSMA
was useful for assessing remnant structures.

Key words: Urachal remnant, urachal epithelium, histological evaluation, keratin
AE1/AE3, resection strategies.
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Introduction

Urachal remnants are characterized by the persistence of
the vurachus, a fetal structure that fails to close
postnatally.’2. In our department, we perform surgical
interventions on patients diagnosed with urachal sinus,
classified as type B according to the Blichert-Toft
classification (Figure 1)3), where the lesion is confined to

Figure 1
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the area between the umbilical fossa and the abdominal
wall, without concomitant urological complications.
Although rare, there have been reports of urachal
carcinoma originating from the urachal epithelium,
underscoring the necessity for complete excision of the
urachal epithelium during surgery to prevent malignant
transformation4-7),

Figure 1. Classification system that categorizes urachal remnants into five types: Blichert-Toft et al.3

a. congenital patent urachus,
b. umbilical urachal sinus

c. vesicourachal diverticulum
d. urachal cyst

e. the alternating sinus, which develops as a result of infection of a urachal cyst.

In our clinical experience, evaluating the presence of
urachal epithelium at the resection margin using
conventional hematoxylin and eosin (H&E) staining has
proven difficult in certain cases. We have encountered
specimens where the characteristic tubular structure of the
urachal lumen was either unclear or absent. Even in cases
where the tubular structure was visible, H&E staining
alone was sometimes insufficient for definitive assessment
of residual epithelial cells at the margin.

To address these challenges, we aimed to improve the
precision of resection margin evaluation by incorporating
immunohistochemical staining. To our knowledge, few
studies have applied immunohistochemical techniques to
evaluate the margins of urachal remnants. Our case
report findings suggested that immunohistochemical
staining provides a more reliable method for determining
the presence of residual urachal epithelium at the
resection margin8). There have been several reports in
pediatric urachal remnants where, despite clear clinical
symptoms, the tubular structure could not be definitively
identified using H&E staining®)19). The exact histological
mechanisms underlying urachal closure remain poorly
understood. Furthermore, few studies have investigated
urachal remnants using immunohistochemical techniques,
leaving gaps in knowledge about other histological
features that may indicate the disappearance of the
urachus.

We conducted immunohistochemical staining not only for
urachal epithelium but also for vascular endothelial cells,
nerves, and smooth muscle, considering the embryological
tissues that compose the urachus. This report presents our
findings on the immunohistochemical analysis of resection
margins in urachal remnants, representing one of the first
studies to investigate adult urachal remnants using this
method. Our results contribute to a more comprehensive
understanding of the histopathological evaluation of
urachal remnants and may help to enhance surgical
management strategies.

Materials and Methods

This study was conducted with the approval of our
institutional ethics committee (Approval No. 2019012).
We retrospectively reviewed cases that underwent
surgery in our department of plastic surgery over a one-
year period starting in March 20XX, using patient
medical records. The parameters analyzed included
patient age, sex, the presence or absence of
periomphalitis, the distance between the umbilical fossa
and the distal end of the tubular structure as observed on
preoperative magnetic resonance imaging (MRI), the
length of the excised specimen, and histopathological
findings. Histological specimens were prepared from
transverse sections of the tubular structure in each excised
specimen (Figure 2). In addition to hematoxylin and eosin
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(HE) staining, immunohistochemical staining was
performed. Immunostaining for keratin AE1/AE3 and
epithelial membrane antigen (EMA) was used for
epithelial cells, factor VIl for vascular endothelial cells,
a-smooth muscle actin (ASMA) for smooth muscle cells,
and S-100 protein (S100) for nerve fibers.

Figure 2

Figure 2. The excised specimen (case 1): Histological specimens
were prepared from transverse sections of the tubular structure
in each excised specimen. The solid line (1) indicates the section
which showed evidence of tubular structure, and the dotted line

Table 1. Details of all cases

(A)length of (B)length of

age stt:lul::l::.?rre tl;:: :(:(icr:;s;d (B)-(A)
on MRI
1 16 m 1.3 cm 6.5 cm 5.2cm
223 m 6.4 cm 11 cm 4.6cm
325 f 3 cm 6 cm 3cm
4 38 m 1.5 cm 6 cm 4.5cm
569 f 1.2 cm 7 cm 5.8cm

tubular structure of

the excised specimen

(2) indicates the section which showed no evidence of tubular
structure.

Results

A total of five cases were analyzed, aged 16 to 69 years
(3 males, 2 females). All cases had preoperative
periomphalitis. The length from the umbilical fossa to the
distal end of the tubular structure as observed on
preoperative MRI ranged from 1.2 to 6.4 cm, while the
length of the excised specimens ranged from 6 to 11 cm.
The excised specimens were 3 to 5.2 cm longer than those
visible on MRI. None of the excised specimens showed
evidence of tubular structure at the resection margin.
Details are presented in Table 1.

Histopathologically, three cases exhibited a distinct
tubular structure on HE staining (Figures 3, 4, 5), while no
tubular structure was observed in the remaining two cases
(Figures 6, 7). In all three cases where a tubular structure
was identified, the urachal epithelium was positive for
both keratin AE1/AE3 and EMA. Among these three
cases, two slices from two specimens contained cells that
were stained with keratin AE1/AE3, although no distinct
tubular structure was observed on HE staining; however,
no EMA-positive cells were noted in these slices (Figure
8). In all cases, no tubular structure or urachal epithelium
was identified at the resection margin using HE, keratin
AE1 /AE3, or EMA staining. aSMA staining was positive in
all cases, with focal staining observed in cases without a
tubular structure (Figures 6d, 7d), while more extensive
staining was seen in cases with a tubular structure (Figures
3j, 4d, 5d). The staining patterns around the tubular
structures varied; some specimens exhibited no staining
around the tubular structure (Figures 3d, 5d), while others
showed staining extending close to the tubular structure
(Figure 4d). Factor VIIl was positive in all cases but did
not show any distinctive staining pattern. S-100 protein
(S-100p) was positive in three cases, but no notable
characteristics were observed.

evidence of tubular
structure at the
resection margin

() )
() )
) ()
) )
) )

A total of five cases were analyzed. The excised specimens were 3 to 5.2 cm longer than those visible on MRI. None of the excised
specimens showed evidence of tubular structure at the resection margin.
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Figure 3
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Figure 3. Histological and immunohistochemical findings of case 1. The solid arrow indicates the urachal lumen.

a. Hematoxylin and eosin staining: Transverse section of Figure 2-(1).The section showed evidence of tubular structure.

b. Imnmunohistochemical staining: Transverse section of Figure 2-(1); Keratin AE1/AE3. The urachal epithelial cells were stained.

c. Immunohistochemical staining: Transverse section of Figure 2-(1); epithelial membrane antigen. The urachal epithelial cells were
stained.

d. Immunohistochemical staining: Transverse section of Figure 2-(1); a-smooth muscle actin. The extensive and diffuse staining was
seen.

e. Immunohistochemical staining: Transverse section of Figure 2-(1); factor VIIi. The vascular endothelial cells were stained, but did not
show any distinctive staining pattern.

f. Immunohistochemical staining: Transverse section of Figure 2-(1); S-100 protein

The nerve fibers were stained, but no notable characteristics were observed.

g. Hematoxylin and eosin staining: Transverse section of Figure 2-(2)

The section showed no evidence of tubular structure.

h. Immunohistochemical staining: Transverse section of Figure 2-(2); Keratin AE1/AE3

Keratin AE1/AE3-positive cells were not noted.

i. Inmunohistochemical staining: Transverse section of Figure 2-(2); epithelial membrane antigen EMA-positive cells were not noted.
j- Immunohistochemical staining: Transverse section of Figure 2-(2); a-smooth muscle actin. The extensive staining was seen.

k. Immunohistochemical staining: Transverse section of Figure 2-(2); factor VIII. The vascular endothelial cells were stained, but did not
show any distinctive staining pattern.

I. Immunohistochemical staining: Transverse section of Figure 2-(2); S-100 protein. The nerve fibers were stained, but no notable
characteristics were observed.
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Figure 4
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Figure 4. Histological and immunohistochemical findings of case 2. The solid arrow indicates the urachal lumen.

a. Hematoxylin and eosin staining. The section showed evidence of tubular structure.

b. Inmunohistochemical staining: Keratin AE1/AE3. The urachal epithelial cells were stained.

c. Immunohistochemical staining: epithelial membrane antigen. The urachal epithelial cells were stained.

d. Immunohistochemical staining: a-smooth muscle actin. The extensive and diffuse staining was seen.

e. Immunohistochemical staining: factor VIIl. The vascular endothelial cells were stained, but did not show any distinctive staining
pattern.

f. Immunohistochemical staining: S-100 protein.The nerve fibers were stained, but no notable characteristics were observed.
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Figure 5. Histological and immunohistochemical findings of case 3

a. Hematoxylin and eosin staining. The section showed evidence of tubular structure.

b. Immunohistochemical staining: Keratin AE1/AE3. The urachal epithelial cells were stained.

c. Immunohistochemical staining: epithelial membrane antigen. The urachal epithelial cells were stained.

d. Immunohistochemical staining: a-smooth muscle actin. The extensive and diffuse staining was seen.

e. Immunohistochemical staining: factor VIII. The vascular endothelial cells were stained, but did not show any distinctive staining
pattern.

f. Immunohistochemical staining: S-100 protein. The nerve fibers were stained, but no notable characteristics were observed.

© 2024 European Society of Medicine 5
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Figure 6. Histological and immunohistochemical findings of case 4

a. Hematoxylin and eosin staining. No tubular structure was observed.

b. Inmunohistochemical staining: Keratin AE1 /AE3. Keratin AE1/AE3-positive cells were not noted.

c. Immunohistochemical staining: epithelial membrane antigen. Epithelial membrane antigen-positive cells were not noted.

d. Immunohistochemical staining: a-smooth muscle actin. The focal staining was seen.

e. Immunohistochemical staining: factor VIIl. The vascular endothelial cells were stained, but did not show any distinctive staining
pattern.

f. Immunohistochemical staining: S-100 protein. The nerve fibers were stained, but no notable characteristics were observed.

Figure 7
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Figure 7. Histological and immunohistochemical findings of case 5

a. Hematoxylin and eosin staining. The section showed no evidence of tubular structure.

b. Immunohistochemical staining: Keratin AE1 /AE3. Keratin AE1/AE3-positive cells were not noted.

c. Immunohistochemical staining: epithelial membrane antigen. Epithelial membrane antigen-positive cells were not noted.

d. Immunohistochemical staining: a-smooth muscle actin. The extensive focal staining was seen.

e. Immunohistochemical staining: factor VIIl. The vascular endothelial cells were stained, but did not show any distinctive staining
pattern.

f. Immunohistochemical staining: S-100 protein. The nerve fibers were stained, but no notable characteristics were observed.

© 2024 European Society of Medicine 6
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Figure 8

Figure 8. Comparison of keratin AE1/AE3 staining and epithelial membrane antigen staining.Two specimens contained cells that were
stained with keratin AE1/AE3, although no distinct tubular structure was observed on HE staining; however, no EMA-positive cells

were noted in these slices.

a. Hematoxylin and eosin staining (case 1). The section showed unclear tubular structure.

b. Imnmunohistochemical staining: Keratin AE1 /AE3 (case 1). Keratin AE1/AE3-positive cells were noted.

c. Immunohistochemical staining: epithelial membrane antigen (case 1). Epithelial membrane antigen-positive cells were unclear.
d. Hematoxylin and eosin staining (case 2). The section showed unclear tubular structure.

e. Immunohistochemical staining: Keratin AE1/AE3 (case 2). Keratin AE1/AE3-positive cells were noted.

f. Immunohistochemical staining: epithelial membrane antigen (case 2). Epithelial membrane antigen-positive cells were unclear.

Discussion

DEVELOPMENT OF THE URACHUS (FIGURE 9)

The urachus appears by approximately the 16th day of
embryonic development as a diverticulum originating
from the caudal end of the yolk sac, later extending into
the umbilical stalk, eventually forming the umbilical
cord!!). By the second month of embryonic development,
the extraembryonic portion of the urachus regresses,
while the intraembryonic portion continues to extend
anteriorly and merges with the cloaca. As the cloaca
differentiates into the bladder and descends into the
pelvic cavity, the urachus elongates as a tubular structure

Figure 9
b

umbilical cord

)"~ umbilical stalk

‘ urachus

Figure 9. Development of the Urachus

‘ urachus

extending from the anterior wall of the bladder'!). The
epithelial lining of the urachus consists predominantly of
transitional epithelium, with connective tissue in the middle
layer and muscle tissue in the outer layer'2. The caudal
portion of the urachus extends into the muscular layer of
the bladder wall, while its cranial end connects with the
umbilical ring, which contributes to the formation of the
umbilical cord. The urachus is believed to regress once the
bladder has matured and the ureters have fully formed,
eventually becoming a narrow tube by the fourth or fifth
month of fetal development and resulting in the formation
of the median umbilical ligament'1).

a. The 16th day of embryonic development: The urachus appears by approximately the 16th day of embryonic development as a
diverticulum originating from the caudal end of the yolk sac, later extending into the umbilical stalk, eventually forming the umbilical

cord.

b. The second month of embryonic development: The extraembryonic portion of the urachus regresses, while the infraembryonic
portion continues to extend anteriorly and merges with the cloaca. As the cloaca differentiates into the bladder and descends into
the pelvic cavity, the urachus elongates as a tubular structure extending from the anterior wall of the bladder.

© 2024 European Society of Medicine



URACHAL REMNANT

Urachal remnants occur when the urachus, which normally
closes after birth but remains patent, causing symptoms
such as urinary leakage from the umbilicus, peri-umbilical
inflammation, and abdominal pain2)3.13),  These
symptoms may be present not only during infancy or
childhood but can also first appear during adolescence
or adulthood’2. Urachal remnants are reported to occur
in 50% of fetuses immediately before birth and in 2% of
adults 13). MRl is considered to be a useful diagnostic tool
for identifying urachal remnants4:15), with Blichert-Toft et
al. proposing a classification system that categorizes
urachal remnants into five types (Figure 1): (A) congenital
patent urachus, (B) wumbilical urachal sinus, (C)
vesicourachal diverticulum, (D) urachal cyst, and (E) the
alternating sinus, which develops as a result of infection
of a urachal cyst3). Reported incidence rates for these
types are 15% for patent urachus, 49% for urachal sinus,
and 36% for urachal cyst'4), though the clinical
classification of these conditions can be difficult!é). At our
department, the urachal sinus type (Blichert-Toft type B),
which manifests with lesions in the abdominal wall and
typically presents after adolescence, is the primary
target of our treatment.

Although urachal carcinoma is rare, accounting for
approximately 0.4% of all urological malignancies'”)18),
the risk of developing urachal carcinoma must be
considered. Most reported cases of urachal carcinoma
involve either adenocarcinoma or transitional cell
carcinoma, underscoring the importance of completely
excising epithelial components to mitigate the risk of
cancer development47)117).18), As such, surgical excision
remains the cornerstone of treatment. Preoperative
assessments, including cystoscopy and cytological
evaluation of urine, are conducted in collaboration with
the urology department!9l.

EVALUATION OF THE EXTENT OF RESECTION IN THIS
STUDY

The appropriate extent of resection for urachal remnants
has not been definitively established. In our practice, to
minimize the risk of urachal carcinoma, we aim to achieve
complete resection of the urachal epithelium. Our surgical
focus is on cases of umbilical urachal sinus (type B), which
often presents with inflammation in the umbilical area!?.
During surgery, we prioritize two key points: (1) resecting
at least 2 cm caudally from any adhesions or
inflammatory signs (such as capillary dilation) of the
peritoneum, and (2) confirming the absence of any
tubular structures at the resection margin. However, we
did not find any literature providing preoperative
guidance for determining the extent of resection in our
review. It remains unclear whether the urachus narrows
conically and gradually disappears or forms a bottleneck
before abruptly terminating. As such, it is difficult to
determine the appropriate distance from the point of
luminal disappearance at which resection should occur to
ensure the complete removal of urachal epithelium. In this
study, resection was performed at least 2 cm caudally
from the site of peritoneal inflammation, and the urachus
was excised at least 3 cm caudally from any tubular
structures observed on MRI. Pathological examination
confirmed the absence of residual urachal epithelium at
the surgical margin. While our results suggest that these
guidelines may serve as a reference for determining

resection sites in cases of umbilical urachal sinus, the
actual distance between the site of luminal
disappearance and the resection site was not assessed in
this study. Given that pathological specimens were
prepared at approximately 5 mm intervals, we could not
obtain statistically significant data. Furthermore, in cases
of urachal remnants, the luminal structure may not always
be clearly identifiable on MRI. Therefore, postoperative
histopathological evaluation of the resection margin for
residual urachal epithelium is recommended.

EVALUATION OF IMMUNOHISTOCHEMICAL STAINING
IN THIS STUDY

While HE staining is effective for identifying epithelial
components when the tubular structure is clearly defined,
detecting epithelial components becomes challenging as
the lumen narrows. Therefore, we opted to evaluate
immunohistochemical staining. For the detection of
epithelial cells, we used keratin AE1/AE3 and epithelial
membrane antigen (EMA), which are commonly used for
epithelial staining due to their excellent staining
capabilities20). Keratin AE1/AE3 is an epithelial cocktail
antibody, with AE1 reacting with type | cytokeratins and
AE3 with type Il cytokeratins, making it a highly versatile
antibody?20. EMA is a glycoprotein that serves as a cell
membrane antigen found in normal epithelial tissues but
not in non-epithelial tissues 2012"), To date, no reports have
evaluated the immunohistochemical staining of urachal
epithelium, and no optimal staining methods have been
established. It remains unclear whether staining both
antibodies is necessary to confirm the presence of urachal
epithelium, as there are no established precedents. Under
these limitations, our comparison of the two staining
methods suggests that keratin AE1/AE3 provides better
visibility in this study. This implies that keratin AE1/AE3
may be more suitable for confirming the presence of
epithelial components.

In this study, aSMA was positive in all previous cases,
regardless of the presence of a luminal structure. Staining
for the smooth muscle marker aSMA typically yields
positive results for smooth muscle cells, myoepithelial cells,
and myofibroblasts?!). The perivesical tissue is continuous
with the umbilical cord during the fetal period, and
mesenchymal stem cells are present in the umbilical cord
collected at birth22-24). However, the dynamics of cord-
like structures, including the urachus during the perinatal
period, and their relationship with the umbilical cord in
the formation of the median umbilical ligament remain
unresolved. It is intriguing to consider whether smooth
muscle-like tissues contribute to the closure process of the
urachus and whether these tissues are associated with
mesenchymal stem cells. Given the hypothetical presence
of vestigial urachal structures, dcSMA may be a suitable
marker for investigating their existence.

LIMITATIONS
This study was limited by a small sample size of only five
cases, and no statistical analyses were performed.

Conclusions

We conducted a pathological and histological
examination of the resection margins in five cases of
urachal remnants. In cases of urachal sinus-type urachal
excision, our findings suggest that complete resection

© 2024 European Society of Medicine 8



without residual urachal epithelium may be achievable
by excising the structure at least 3 cm caudally from the
luminal structure observed on MRI and at least 2 cm
caudally from any signs of peritoneal inflammation noted
during surgery. Confirming the presence or absence of
residual urachal epithelium through pathological
examination is essential, and keratin AE1/AE3 staining
may serve as a useful tool for this purpose.
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