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Background: The etiology and pathogenesis of hemorrhoids is unclear, although hemorrhoids
are a worldwide disease in men and women, with peak prevalence at 4565 years of age. Hemor-
rhoidal cushions as the anal venous plexi are normal anatomical structures from infancy. This
study attempts to reveal the angiodysplasia and other pathological changes in association with
different degrees of symptomatic hemorrhoids.

Materials and methods: A total of 281 patients with internal hemorrhoids from degree [ to IV
underwent hemorrhoidectomy. The vascular changes were analyzed by microscopic assessment
and software analysis, with Masson’s trichrome, CD34, and smooth muscle actin.

Results: The hemorrhoidal tissues exhibited abnormal vessels in the mucosae and submucosae
that we termed them as myofibrotic malformation vessels (MMVs). MM Vs are not ascribed to
arteries or veins because they exhibit enlarged and tortuous lumens with smooth muscle dys-
plasia and fibrotic deposition in the walls without overlying mucosal ulceration. The muscularis
mucosae also showed smooth muscle dysplasia and fibrosis, even if it were interrupted by the
intruding MMVs. The statistical data indicated that the severity of all the changes correlate
positively with the progression of hemorrhoids (P<<0.001). Hemorrhoidal patients are prone
for reoccurrence even with prolapsing hemorrhoid when compared with the conventional hem-
orrhoidectomy. Multiple logistic regression analysis showed that MM Vs in mucosal propria,
mean thickness of mucosal muscularis layer, and fibrotic changes in MMV were independent
risk factors for MMVs in hemorrhoidal disease.

Conclusion: MMV and muscularis mucosae dysplasia reciprocally contribute to hemorrhoidal
exacerbation. The novel findings of this study propose that the characteristic features of MM Vs
and muscularis mucosae dysplasia of the anorectal tube ultimately cause symptomatic hemor-
rhoids, which could affect the clinical management of hemorrhoidal disease through the use of
surgery to target the malformed vessels.

Keywords: internal hemorrhoids, hemorrhoidal progression, myofibrotic malformation vessels,
muscularis mucosae dysplasia, anorectal disease

Introduction

The etiology and pathogenesis of hemorrhoids is unclear, although hemorrhoids are a
worldwide disease in men and women, with peak prevalence at 45-65 years of age.'?
Hemorrhoidal cushions as the anal venous plexi are normal anatomical structures from
infancy,’ and the term “hemorrhoidal disease” indicates a pathological process. Prolapse
of'the anal cushions and vascular hyperplasia, first proposed by Thomson?® and modified
by Haas et al* appears to be the pathogenesis of hemorrhoidal disease. Neovasculature
in the expression of CD105 might contribute to the development of hemorrhoids.’
Underlying morphopathophysiological abnormalities require more understanding to
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clarify anorectal symptoms, such as bleeding, prolapse, and
pain, as being secondary to hemorrhoidal disease.

The procedure for prolapsing hemorrhoids (PPHs)
is progressively used,*? and it is merely a compromised
treatment for hemorrhoids, especially in degree Il and III
hemorrhoids. PPH is accompanied by a high ratio of post-
operative recurrence, although it has advantages in maintain-
ing functional hemorrhoidal anatomy over the traditional
hemorrhoidectomy.®"1%11-14 The sliding anal lining theory is
hypothesized to explain the prolapse of hemorrhoids; how-
ever, the theory is unlikely to explicate repeated bleeding,
in particular, in patients with nonprolapsed hemorrhoids.
Pathologically, venous distension is the predominant change
observed in hemorrhoids under colonoscopic and microscopic
observation.>*!* However, the fundamental insight into the
interpretation of hemorrhoidal vasculature is the lack of con-
vincing evidence to explain the abnormal vessels, so that even
the researches of hemorrhoidal diseases have not been paid as
much attention to as cardiac or cerebral vascular diseases.

Angiodysplasia/varices are another cause of bleeding in
hemorrhoidal patients.'> Anorectal varices were previously
hypothesized to be associated with portal hypertension in
cirrhotic patients; however, prospective studies showed that
the hepatic venous pressure gradient of cirrhotic patients with
anorectal varices was similar to that of cirrhotic patients without
anorectal varices'® and that hemorrhoids and anorectal varices
are separate and distinct entities.!” Pathological studies of hem-
orrhoids have emphasized the anchoring connective tissue sys-
tem, whereas vascular changes per se have not been seriously
addressed concerning the pathogenetic mechanisms. Novel
findings of hemorrhoidal angiodysplasia might have some
effect on the clinical management of hemorrhoidal disease.

In this study, we focused on the unique vessels with
smooth muscle dysplasia and sclerosing of internal hemor-
rhoids, and these vessels have not been well described in any
published literatures, so we defined them to be myofibrotic
malformation vessels (MMVs). The abnormal vessels in
hemorrhoids are not accompanied with ulceration, and we
have also found that the MM Vs are indicators of the clinical
stages of internal hemorrhoids in association with dysplasia
of'the muscularis mucosa by microscopic analysis combined
with the histochemical/immunohistochemical features of the
tissues removed by hemorrhoidectomy. MM Vs might cause
recurrent bleeding and the prolapse of hemorrhoids.

Materials and methods

Internal hemorrhoid samples were obtained from 281
patients with hemorrhoidectomy performed from January
2009 to March 2013 at Nanfang Hospital, Southern Medical

University, Guangzhou, People’s Republic of China. Approval
was obtained from the Ethics Committee of Southern Medical
University to use clinical materials for research purposes.
Informed consent and written approval for the clinical and
research use of the human specimens were obtained from each
patient before this study began. Prolapsing internal hemor-
rhoids are classified into four degrees according to a grading
system of current clinical application based on the degree of
prolapse during defecation as follows:!$2°

Degree I: hemorrhoids are considered to be complicated
with intermittent bloody stool, which do not prolapse.
Degree I1: hemorrhoids which prolapse during defecation,
but spontaneously return to their original position after
defecation.

Degree I1I: hemorrhoids which do not return without manual
help after prolapse.

Degree IV: hemorrhoids which remain prolapsed

permanently.

There were only four patients with degree IV hemor-
rhoids in this study because other studies also recruited a few
patients with degree IV hemorrhoids,' and these four patients
were integrated into the degree I1I group. The patients with a
history of other diseases in the anal canal, pelvic radiother-
apy, Crohn’s disease, ulcerative colitis, abdominal surgeries,
sclerotherapy history, or liver cirrhosis were excluded. The
patients of degree I were defined as Group 1, degree II as
Group 2, and degree III/IV as Group 3.

However, it is very hard to recruit appropriate controls
to match the tissues removed by hemorrhoidectomy. The
controls in the published studies seemed to be inappropriate,
such as conducting with anal tissues for controls, from Miles’
surgical samples of rectal cancer.’ Recruitment of adult volun-
teers without anorectal diseases for anal cushion resection is
unreachable for our research, as in Shafik’s study.”! We have
chosen relatively matchable samples for the controls in this
study, the normal anorectal tissues from surgical resection in
the control group were obtained from 12 adult patients (age
ranging from 22 to 42 years) with anal fistula without a history
or anoscopic findings of hemorrhoids.

The internal hemorrhoid lesions were fixed in 10%
buffered formalin and subsequently subjected to alcohol-
dehydration and paraffin-embedding procedures. The serial
sections were sliced into 4 um thickness for hematoxylin
and eosin (H&E) staining, Masson’s trichrome staining,
and immunohistochemistry. Mouse monoclonal antibodies
against human actin (smooth muscle, 1:100, clone 1A4,
Invitrogen, Camarillo, CA, USA) and CD34 (1:200, clone
BI-3C5, Invitrogen) were immunostained in the serial
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sections. Immunohistochemical staining was performed
with the EnVision Detection System (peroxidase/3,3’-
diaminobenzidine reaction, anti-rabbit/mouse, ready-to-use,
K500711, DAKO Corporation, Copenhagen, Denmark).
The slides were reviewed independently by three patholo-
gists who were not informed of the clinical degrees of the
hemorrhoids, and each pathologist took ten photos for every
case, the results were obtained from the measurement and
calculation by using Image-Pro Plus (IPP) version 6.0 (Media
Cybernetics, Inc., Rockville, MD, USA). In each section,
ten hot-spot fields of 10x objective lens were examined
for the assessment of vessels with a cross section of more
than 0.5 mm under a microscopic micrometer (Olympus,
Tokyo, Japan) and the photos were verified with IPP soft-
ware analysis, and the mean thickness of muscularis mucosa
layer was reviewed (the thickness of the control group
tissues was 67.9+12.4 um). The items were stratified into
grades, as depicted in Table 1. The vessels with a partially
or completely thickened wall and an irregular cross section
were classified as MMVs by excluding the normal veins
and arteries. After summarizing the MMVs into ten fields,
each specimen was classified into a corresponding grade. In
the assessment of the submucosae, the MM Vs were easily
observed, and the mean of the MM Vs per field was calculated

in each case. The submucosal MMV changes with the actin
staining or Masson’s trichrome testing in each case were
combined to obtain the cumulative value (CV). Consider-
ing the high grade of the MMVs related to the severity of
the hemorrhoids, we proposed a formula to calculate the
CV, referring to the calculation methods of the extent and
intensity of cancer cell immunostaining.?? The formula is as
follows: CV =1 (Grade 1) x vessel number +2 (Grade 2) X
vessel number +3 (Grade 3) X vessel number, and Grade 0
is defined as zero.

The results are shown as the mean + standard devia-
tion (SD) of the quantitative data. The chi-square test was
performed in the analysis by sex. A univariate analysis of
variance in the general linear model and a multinomial
logistic regression were performed to analyze the relation-
ship of the histological changes to the clinical stages. After
screening for the multivariable linear regression analysis,
a one-way analysis of variance was performed to analyze
the quantitative variables. The ranked data of the MMVs
and the muscularis mucosa changes were measured using a
nonparametric test (the Kruskal-Wallis test); P-values <0.01
were considered statistically significant. All the analyses
were performed using the SPSS software program (version
13.0; SPSS Inc., Chicago, IL, USA).

Table | Grading classifications for the histopathology examination by using IPP 6.0 analysis and items parameters

Items

Definition

MMVs in mucosal propria

Grade 0
Grade |
Grade 2
Grade 3
The mean thickness of mucosal muscularis layer changes
Grade 0
Grade |
Grade 2
Grade 3
Smooth muscle dysplasia in the MMVs of submucosa
(actin staining)
Grade 0
Grade |
Grade 2

Grade 3
Fibrotic changes in MMV of submucosa (Masson’s
trichrome)

Grade 0

Grade |

Grade 2

Grade 3

Maximal diameter (=0.5 mm) is calculated for the involved vessel; the wall thickened
partially or completely, with distension and/or congestion. Summarizing ten fields
0
=| and =2 vessels
=3 and =4 vessels
>4 vessels
As referred to the thickness of normal mucosal muscularis layer (67.9£12.4 um)
=100 um
>100 and =150 um
>150 and =200 um
>200 um
Malformed vessels with or without fibrosis with maximal diameter =0.5 mm are
calculated. Normal arteries are excluded
A total of 2 or 3 layers of smooth muscles as a normal vein, without fibrosis
Wall muscularis partially thickened =1/3 vascular circumference of cross section

Wall muscularis partially thickened >1/3 and =2/3 vascular circumference of
cross section

Wall muscularis partially thickened >2/3 vascular circumference of cross section

Vessels with maximal diameter =0.5 mm are calculated

Vessel wall without fibrosis in the vascular circumference of cross section
Partial fibrosis =1/3 vascular circumference of cross section
Partial fibrosis >1/3 and =2/3 vascular circumference of cross section

Partial or complete fibrosis >2/3 vascular circumference of cross section

Note: 67.9+12.4 um are presented as mean + standard deviation.

Abbreviations: IPP, Image-Pro Plus software; MMVs, myofibrotic malformation vessels.
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Results

Based on the patient’s self-report and anoscopic examination,
281 patients with hemorrhoidal disease were subdivided into
three groups. Group 1 and 2 consisted of 91 and 95 cases of
patients with degree I and II prolapsing internal hemorrhoids,
respectively. Group 3 consisted of 91 cases of degree I1I and
four cases of degree IV hemorrhoids. There were 147 male
and 134 female patients in this study, with a mean age of
37.2%10.5 years and a mean disease history of 4.7+4.9 years.
The statistical examination demonstrates that the degree of
hemorrhoids is not associated with age, sex, or disease his-
tory among the groups. The clinical data and histological
characteristics are shown in Table 2.

The histological examination revealed that the remarkable
malformed vessels that we defined as MM Vs appeared in the
internal hemorrhoidal tissues; the MM Vs were not observed
in the control cases. In the control group, capillaries were
found in the mucosal propria, and discernable arteries were
not found; the muscularis mucosa showed a uniform smooth
muscle layer without interruption or thinning/thickening,
with a mean thickness of 67.9 um and SD value of 12.4 um
(mean +1.96 SD as referred to be abnormal thickness, more
than 100 pum); the walls of the vessels are uniform, without
smooth muscle dysplasia and fibrosis, and the vessels are

Table 2 Patient data and histological characteristics

easily classified into veins, arteries, or capillaries (Figure 1A).
The MMVs were increased in the mucosae propria, mus-
cularis mucosa, and submucosae of the tissues removed by
hemorrhoidectomy. The muscularis mucosa became thin
and loose with fibrotic deposition, which was divided by the
intruding MMVs. The walls of the MM Vs became partially
or completely thickened with smooth muscle dysplasia
or sclerotic deposition. The MMVs had tortuous lumens,
and it was difficult to classify them into veins or arteries.
The MM Vs in internal hemorrhoidal tissue were embedded
in the connective tissues without ulceration. These changes
were increasingly remarkable under microscopic observa-
tion in the Masson’s trichrome testing, CD34, and smooth
muscle actin staining from degree I to III hemorrhoids
(Figure 1B-D). Figure 1E shows enlarged and tortuous lumen
with fibrotic wall and dysplasia of smooth muscle cells in
degree 11T hemorrhoids. Pathological changes were not found
in the walls of the arteries and veins in the control group and
the hemorrhoidal tissues, and the amount of normal veins
or arteries in the submucosae were not associated with the
degrees of hemorrhoids (P=0.050, 0.453, Table 2).

MMVs are very commonly observed in this study.
Mucosal propria had an increase of MMVs with luminal
dilation with disease progression (P<<0.001), in which we did

Factor Group | Group 2 Group 3 P-value
Cases (n) 91 95 95 NS

Age (years) 35.1£10.7 38.1£10.5 38.619.7 0.047
History (years) 3.8+3.6 5.145.3 5.145.5 0.105
Sex (male), n (%) 48 (52.7%) 52 (54.7%) 47 (49.5%) 0.764

MMVs in mucosa, n (%)

Grade 0 57 (62.6%) I (11.6%) 11 (11.6%) <0.00 | #okik
Grade | 20 (22.0%) 29 (30.5%) 16 (16.8%)
Grade 2 I (12.1%) 39 (41.1%) 26 (27.4%)
Grade 3 3 (3.3%) 16 (16.8%) 42 (44.2%)
Muscularis mucosa changes, n (%)
Grade 0 69 (75.8%) 17 (18.0%) 11 (11.6%) <0.00 | *okiE
Grade | 15 (16.5%) 33 (34.7%) 19 (20.0%)
Grade 2 4 (4.4%) 33 (34.7%) 35 (36.8%)
Grade 3 3(3.3%) 12 (12.6%) 30 (31.6%)
Submucosal MMVs changes (mean + SD of the case)
Number of MMVs 29+1.3 49+1.6 6.0£1.8 <0.00 [ FAkHx
CV of smooth muscle dysplasia (actin staining) 44424 8.7+2.6 10.9+3.4 <0.00 | Hkakk
CV of fibrosis (Masson’s trichrome) 0.5t1.7 6.2+2.6 10.3+4.4 <0.00 |k
Number of submucosal normal veins (mean + SD) 9.243.4 9.4+2.9 10.2+2.8 0.050
Number of submucosal normal arteries (mean + SD of the case) 2.3+1.4 2.1+0.8 2.2+0.9 0.453

Notes: The inter-group significance is denoted as *Group | vs Group 2; **Group | vs Group 3; **Group 2 vs Group 3. The quantitative data were obtained by using one-
way ANOVA (LSD, significance level of 0.05), and the ranked data were performed by using the Kruskal-Wallis test. The chi-square test was used to compare hemorrhoid
sufferers by sex. The cumulative value is the grade of histological changes multiplied by the number of vessels and then summed up in each case by the following formula:
CV =1 (Grade ) X vessel number +2 (Grade 2) X vessel number +3 (Grade 3) x vessel number, Grade 0 indicates zero. Data are presented as mean = standard deviation
where not otherwise stated.

Abbreviations: ANOVA, analysis of variance; CV, cumulative value; LSD, least significant difference; MMVs, myofibrotic malformation vessels; NS, not significant;
SD, standard deviation.
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Figure | Representative images of the pathological changes in the mucosal propria, muscularis mucosa, and submucosae by H&E, Masson’s trichrome staining, CD34, and
SMA staining from consecutive sections.

Notes: Asterisks label the muscularis mucosa, solid arrows for normal veins in the submucosa, and hollow arrows for MMVs. (A) Control group: normal mucosae and
submucosae, without fibrotic deposition in the mucosal propria, regular veins in the submucosae, and a thin layer of uniform smooth muscle in the muscularis mucosa.
The mucosal propria does not have arteries and veins with enlarged lumens. (B) Hemorrhoid degree |: mucosal erosion with limited fibrotic deposition and an increase of
small vessels in the mucosae; smooth muscle dysplasia and fibrotic deposition in the muscularis propria; MMVs and a normal vein in the submucosae. These changes were
increasingly remarkable in hemorrhoids of degree Il (C) and Il (D), even if MMVs presented in the mucosal propria, especially malformed vessels that crossed over the

muscularis propria (C) and tortuous dilated lumen vessels with heavy fibrotic deposition in the walls (D). (E) The enlarged images in the frame of panel (D).
Abbreviations: H&E, hematoxylin and eosin staining; MMVs, myofibrotic malformation vessels; SMA, smooth muscle actin.

not find arterioles. MM Vs are generally distributed as single
vessels without accompanying arteries and veins. Some
changes have been discovered in the submucosal vessels,
including that the vascular walls are thickened with smooth
muscle dysplasia and fibrosis. Masson’s trichrome staining
exhibits blue-stained material deposited on muscularis, which
suggests fibrosis. Grade 0—3 with actin staining and Masson’s
trichrome staining were attributed to the different vessels in
a given case under microscopic observation. The statistical
analysis shows that the MMV grades and the amount of
increased MM Vs in the submucosae are associated with the

progression of hemorrhoids (P<<0.001, Table 2). Smooth
muscle dysplasia and fibrosis in MMVs correlate to the
degree of disease (P<<0.001, Table 2).

The muscularis mucosae showed observable changes in
the internal hemorrhoidal tissues on histological examina-
tion. The muscularis mucosa becomes fibrotic, thickened,
or disperses distribution of smooth muscle cells, and it is
frequently divided by the MM Vs intruding into the mucosal
propria, especially with the smooth muscle layer being inter-
rupted radially in some areas with the deposition of fibrotic
materials. The grades of the muscularis mucosa changes

Drug Design, Development and Therapy 2015:9
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are statistically significant with the degree of the disease
(P<0.001, Table 2). Hemorrhoidal degrees progressively
correspond with high grades of MMVs in the mucosa
lamina propria, muscularis mucosa changes, and MM Vs in
the submucosae by multinomial logistic regression analysis
(P<0.001). This correspondence indicates that MM Vs and
muscularis mucosa dysplasia mutually degrade anorectal
tissues and cause subsequent complications.

We then performed a multiple logistic regression analysis
using the following parameters: age, history, sex, MMVs
in mucosal propria, mean thickness of mucosal muscularis
layer, and fibrotic changes in MMV. Table 3 indicated
the results of the multiple logistic regression analysis.
Multiple logistic regression analysis showed that MM Vs
in mucosal propria (odds ratio: 3.453, 95% confidence
interval [CI]: 1.232-7.153, P<<0.0001), mean thickness
of mucosal muscularis layer (odds ratio: 2.984, 95% CI:
1.631-8.032, P<<0.0001), and fibrotic changes in MMV
(odds ratio: 2.543, 95% CI: 1.231-5.578, P=0.0123) were
independent risk factors for malformation vessels in hemor-
rhoidal disease. However, age (odds ratio: 1.157, 95% CI:
0.612-2.415, P=0.0732), history (odds ratio: 1.329, 95% CI:
0.714-2.543, P=0.0579), and sex (odds ratio: 0.984, 95%
CI: 0.578-1.875, P=0.0854) were not the independent risk
factors for malformation vessels.

Discussion

This study presents novel findings on internal hemorrhoidal
vessels. MM Vs comprise a remarkable finding that has not
been well described based on histological examination by
previous studies, and the MM Vs are not a result of secondary
diseases such as angiodysplasia/varices derived from liver
cirrhosis. Aigner et al*® found similar dilated vessels with
focal thickening of the muscular wall in the submucosae
of hemorrhoidal samples in only five hemorrhoidectomy
specimens, but they did not notice the contact between
the pathological mechanism of hemorrhoids. We found
that MMVs were demonstrated in the mucosae and the

submucosae of hemorrhoids in a consecutive cohort of 281
patients. The MMVs, which were coupled with muscularis
mucosa dysplasia, were closely related to the progression
of hemorrhoids. The discernable changes in hemorrhoidal
pathology found in this study could help improve surgical
management.

The MMVs in hemorrhoidal tissues, which suggest an
association with Dieulafoy lesions of the unusual causes
of gastrointestinal bleeding,>*?” are not identical patho-
logically to the arteries of Dieulafoy lesions. A Dieulafoy
lesion is a very rare entity, with only 25 described cases
of rectal Dieulafoy lesions reported in a review of Ruiz-
Tovar et al.?® The Dieulafoy lesion is referred to as a
large submucosal artery in the gastrointestinal tract that is
otherwise histologically normal, but lies in close contact
with the mucous membrane typically coupled with an
overlying mucosal ulceration.?’2° We found that the MMV
in internal hemorrhoids did not show overlying ulcers, and
the MM Vs were frequently observed in the mucosa lamina
propria, where normal anatomical structures in human do
not show muscular vasculature or thickened wall vessels,
including arterioles and veins, except for capillaries and
lymphatics.*! The MMVs should not be defined as arter-
ies of Dieulafoy lesions or veins because they exhibited
irregular enlarged lumens, focal dysplasia of smooth
muscle cells, or even a deficiency accompanying fibrotic
deposition. The MM Vs showed characteristic morphology
in hemorrhoidal tissues, which might be unique pathologi-
cal changes contributing to repeat bleeding and prolapse
of hemorrhoids.

MMVs are coupled with muscularis mucosae changes,
including the muscular layer becoming slim, loose, fibrotic,
or partially interrupted. The defect of muscularis mucosae
might result from MM Vs intruding into the mucosal propria.
Engelhardt et al' hypothesized in a study of vascular corro-
sion casts in hemorrhoids that tortuous veins with a diameter
of up to 1 mm would lead to massive bleeding. However,
we found that MMV predominantly involved vessels with

Table 3 The results of logistic regression analysis for variables of the malformation vessels in hemorrhoidal disease

Variable B-coefficient Odds ratio 95% CI P-value
Age 0.103 I.157 0.612 2415 0.0732
History 0.123 1.329 0.714 2.543 0.0579
Sex 0.074 0.984 0.578 1.875 0.0854
MMVs in mucosal propria (Grade 2 and 3) 0.654 3.453 1.232 7.153 <0.0001
Mean thickness of mucosal muscularis layer (Grade 2 and 3) 0.563 2.984 1.631 8.032 <0.0001
Fibrotic changes in MMV (Grade 3) 0.4832 2.543 1.231 5.578 0.0123

Abbreviations: MMVs, myofibrotic malformation vessels; Cl, confidential interval.
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a diameter of more than 0.5 mm. The difference in vascular
diameter between this study and Engelhardt’s study' might
result from sample management. The vessels in the vascular
corrosion casts of Engelhardt’s study'® were enlarged from
their actual appearance, and the vessels in the formalin
fixed, paraffin-embedded tissues in our study were shrunken
compared to the normal status. Our results indicate that the
MM Vs in the mucosal propria and submucosae are associated
with the exacerbation of hemorrhoids.

Bleeding is one of the most common symptoms of
internal hemorrhoids, with the exact pathogenesis being
poorly understood. Clinically, hemorrhoid-associated
bleeding frequently resembles arterial breakdown, and the
blood is hypothesized to be arterial blood delivered via
arteriovenous anastomoses.* Arteriovenous anastomoses
were not confirmed in anorectal vascular corrosion casts of
inner hemorrhoids." Venous dilation and the capillary bed
within the submucosae have been suggested to be the source
of bleeding.® According to our observations, the MMVs
in the mucosae and submucosae are tortuous vessels that
have irregularly thickened walls with deposition of fibrotic
material. MMVs would be susceptible to injuries during
defecation and hemostatic failure because of the decrease
in elasticity and constriction compliance. We did not find
that MM Vs had accompanying arteries or veins, and MM Vs
should not be arteriovenous anastomoses.

Prolapse, sometimes with thrombotic pain, is another
symptom of hemorrhoids. The sliding anal lining appears to
reveal partially the reason for prolapse.®* However, hemor-
rhoidal patients are prone to a reoccurrence even with PPH
compared with the traditional hemorrhoidectomy.*” MM Vs
would result in irreversible swelling in the anal cushions.
Muscularis mucosae dysplasia destroys the support system
of the anus. MMVs and muscularis mucosae dysplasia
reciprocally contribute to recurrent bleeding and prolapse.
Malformed vessels provoke blood turbulence and would
be susceptible to thromboses. The adult anus is inevitably
exposed to intermittent damage, including injury from consti-
pation and diarrhea, and mucosal injury with smooth muscle
dysplasia and fibrosis might promote MMVs development
and subsequent prolapse of hemorrhoids. If the irritating fac-
tors were not corrected, hemorrhoids would develop again
after medical intervention.

Hemorrhoidectomy is widely applied for the treatment
of prolapsing internal hemorrhoids. Traditional ligation or
sclerotherapy for internal hemorrhoids to restrain bleed-
ing is suggested by pathological evidence of malformed
vessels. Being unaware of targeted vessels would result in

unavoidable latent complications such as ulceration and
secondary bleeding. Traditionally, in European countries,
the preferred conventional hemorrhoidectomy technique
was the Milligan—-Morgan procedure.*® Though effective in
treating hemorrhoidal prolapse, Milligan-Morgan hemor-
rhoidectomy is associated with significant postoperative pain,
often requiring a prolonged hospital admission and protracted
recovery.** However, in the other parts of the world, another
technique, Ferguson hemorrhoidectomy, was designed to
leave a less painful perianal wound.*® The PPH procedure
removes a ring or sleeve of rectal tissue just proximal to the
anal canal; however, it does not target a lesion such as those
of MMVs, which might be another reason that hemorrhoids
tend to be refractory, or even relapse, after PPH.*° Ligation
or sclerotherapy of MMVs by visual guidance or surgical
removal of MMVs tissue might substantially inhibit the
bleeding and prolapse of internal hemorrhoids. Therefore,
in this study, we reported the consequent vascular abnor-
malities of hemorrhoids and illustrated a novel target for
hemorrhoidal therapy.

Though we have investigated some interesting data, there
are also some limitations for our study. For example, when
we choose a treatment, the main problem is to understand if
MMVs should be considered a malformation or the conse-
quence of constipation, diarrhea, or other causes. We have
not investigated the above points. Therefore, we would per-
form some related analysis for investigating the pathological
regression that could remove the causes.

In adults, MM Vs and muscularis mucosae dysplasia may
ultimately lead to symptomatic internal hemorrhoids with
prolapse, bleeding, and pain. These pathological changes
might be a result of intermittent damages of the anorectal
tube, though the etiological factors of hemorrhoids are
not determined. The consequent vascular abnormalities of
hemorrhoids reported in this study present a novel target for
hemorrhoidal therapy, rather than conventional PPH. Due to
the lack of effective animal models of hemorrhoids at present,
mechanistic findings in the future would be needed to explore
the pathogenesis of MM Vs in hemorrhoids.
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