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Abstract: Objective: To detect vascular endothelial growth factor (VEGF) expression and micro-vessel density (MVD) 
in patients with severe intrauterine adhesion before and after therapy, and to preliminarily explore the role of an-
giogenesis in the therapy of severe intrauterine adhesion. Methods: A total of 36 patients with severe intrauterine 
adhesion were prospectively recruited into the treatment group. In the control group, 20 patients with normal uter-
ine were recruited. Patients with severe intrauterine adhesion received transcervical resection of adhesions under 
hysteroscope and then received artificial hormone therapy for 3 months. Methods: The changes in the organelles 
of endometrial cells were evaluated under an electric microscope; Immunohistochemistry was done to detect the 
VEGF expression and MVD in patients with severe intrauterine adhesion, which was compared with that in the con-
trol group; VEGF expression and MVD were compared among patients with different prognoses. Results: Electric 
microscopy showed vascular closure and hypoxic changes in the endometrial tissues of patients with intrauterine 
adhesion. After treatment, angiogenesis was observed, and the hypoxic changes in the endometrial glands and 
interstitium were also improved. Moreover, the VEGF expression and score of MVD also increased significantly when 
compared with those before treatment and in the control group. The VEGF expression and MVD score in intrauter-
ine adhesion patients recovering from treatment were significantly higher than those in patients non-responding 
to treatment. Conclusion: In patients with intrauterine adhesion, the endometrial tissues present with vascular 
closure, and angiogenesis will be present in the endometrial tissues after treatment. The angiogenesis in the endo-
metrial tissues may affect the endometrial repair. 
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Introduction 

Intrauterine adhesion (IUA) is also known as 
Asherman syndrome and was first described in 
1894 by Fritsch [1]. In 1894, Asherman first 
defined IUA as menstrual abnormalities, infer-
tility and recurrent miscarriage due to partial or 
complete uterine occlusion secondary to endo-
metrial injury. In recent years, the incidence of 
IUA is increasing [3], and the etiology of IUA has 
been thought to be related to trauma, pregnan-
cy, infection, and others. It was reported that 
90% of IUA was secondary to the damage to the 
uterine due to the intrauterine surgery [3]. The 
manifestations of IUA include decrease in men-
strual flow, infertility, recurrent miscarriage, 
placenta accreta, amenorrhea, etc, which sig-
nificantly influence the reproductive health. 

Patients with IUA have high risk for complica-
tions when they receive intrauterine surgery, 
and the recurrence of IUA is at a high level after 
intrauterine surgery, especially for patients with 
severe IUA. Recently, transcervical resection of 
adhesions (TCRA) has been a standardized 
method for the treatment of IUA with the devel-
opment of hysteroscopic technique [4]. 
However, the post-operative endometrial repair 
and prevention of recurrent IUA are two chal-
lenges in the clinical practice. Currently, place-
ment of intrauterine device (IUD) and applica-
tion of artificial hormone therapy with high dose 
estrogen are used to prevent the post-operative 
recurrence of IUA and promote the endometrial 
repair [5, 6]. Of note, the estrogen therapy alone 
has poor efficacy and is usually accompanied 
by some adverse effects, which significantly 
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limits its wide application. In the present study, 
on the basis of changes in the organelles of 
endometrial cells and the structure of microves-
sels in the endometrial interstitium, we further 
detect the vascular endothelial growth factor 
(VEGF) and microvessel density (MVD) were 
detected in endometrium of patients with 
severe IUA, aiming to explore the role of angio-
genesis in the endometrial repair. Our findings 
may provide evidence for the clinical treatment 
of IUA. 

Materials and methods 

Subjects 

IUA patients: patients who visited our hospital 
due to amenorrhea, decrease in menstrual 
flow, infertility and repeated miscarriage were 
recruited from June 2011 to June 2012. They 
were diagnosed as severe IUA by hysteroscopy, 
and following conditions were excluded: 1) a 
history of irregular menstrual cycle, abnormal 
sex hormone level, and amenorrhea, decrease 
in menstrual flow, infertility of other causes; 2) 
other pathological conditions causing abnor-
mal vaginal bleeding, such as endometrial pol-
yps, submucosal uterine fibroids, ovarian 
tumors, etc; 3) other contradictions for estro-
gen and progesterone therapy, such as cardio-
vascular diseases, liver diseases and throm-
botic diseases. A total of 36 patients were 
recruited with a mean age of 25.4±2.7 years 
(range: 21-36 years). The number of intrauter-
ine surgery was 1-6 times (mean: 3±2.3 times). 
The mean time from the last intrauterine sur-
gery to symptoms was 2.7±1.3 years (range: 3 
months-4 years). 

Normal controls: Patients who received artifi-
cial insemination or hysteroscopy due to male 
infertility or tubal factor infertility were recruit-
ed from our department in the same period and 
severed as controls. They met following criteria: 
1) The baseline endocrine was normal; 2) the 
menstrual cycle was normal; 3) They did not 
receive steroid therapy or intrauterine opera-
tion in the past 3 months; 4) They had no sub-
mucosal uterine fibroids, ovarian tumors and 
other diseases. A total of 20 controls were 
recruited with a mean age of 25.6±3.2 ye- 
ars (range: 22-36 years). Hysteroscopy was 
done in these subjected to exclude intrauterine 
lesions.

Diagnostic criteria for IUA

IUA was diagnosed according to the criteria for 
IUA developed by the European Society for 
Gynecological Endoscopy (ESGE) [7]. 

Surgical procedures

Surgery was performed in the early follicular 
phase and under the general anesthesia. 
STORZ hysteroscope (GERMANY) was used, 
and 5% mannitol served as perfusion solution. 
The uterine direction and depth were explored, 
and the cervix was expanded to 10 mm in diam-
eter. The needle like electrode was used to 
separate the adherent lesions with the inflation 
pressure of 100-120 mmHg and flow rate of 
100-150 ml/min. The separation was done 
until the outlets of bilateral oviduct were 
opened and the size and shape of uterine 
returned to normal. During the surgery, endo-
metrial tissues were collected for electric 
microscopy and immunohistochemistry. Post-
operatively, an IUD was placed in the uterine. 

Post-operative artificial menstrual cycle 
therapy and follow up 

Estradiol valerate was administered at (3 mg, 
three times daily) to patients in the IUA group 
for 21 days. In the later 10 days, medroxypro-
gesterone acetate (10 mg/d) was administered 
for artificial menstrual cycle therapy (a total of 3 
cycles). At 1 and 3 months after surgery, hyster-
oscopy was done to observe the recurrent 
adhesion. 

Sample collection and processing

Informed consent was obtained from each 
patient. During the surgery and at 3 months 
after surgery, the endometrial tissues were col-
lected from the posterior wall of the uterine. A 
fraction of tissues (1-1.5 cm) were fixed in 10% 
formaldehyde and embedded in paraffin for 
immunohistochemistry. The remaining tissues 
(0.5-1.0 mm) were fixed and stored at 4°C for 
transmission electron microscopy. For the con-
trols, sample collection was done during the 
hysteroscopy. Sample collection was done in 
the early follicular phase aiming to avoid the 
influence of estrogen and progesterone. 

Transmission electron microscopy

After fixation, dehydration, transparentization, 
embedding and polymerization, ultrathin sec-
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tions were obtained for transmission electron 
microscopy (JEM2100SX, Japan).

Immunohistochemistry 

Mouse anti-human polyclonal CD34 antibody 
(QBEnd/IO; R&D, USA; 1:100) and rabbit anti-
human VEGF monoclonal antibody (SP28; 
1:100; R&D, USA) were used to detect the MVD 
and VEGF. Cells positive for CD34 had brown 
granules in the membrane and cytoplasm. The 
MVD was determined according to the previ-
ously described [3]: at a magnification of 100×, 
region of interest was identified, and then the 
blood vessels were counted at a higher magni-
fication (400×). Two pathologists determined 
the MVD of same sections, and a mean was 
obtained as the MVD. VEGF expression was 
semi-quantitatively determined according to 
previously described [8]: the staining intensity 
was determined according to the proportion of 
positive cells and staining and classified into 5 
grades (0-4): 0%, 25%, 50%, 75% and 100%. 
The score in immunohistochemistry was calcu-
lated as follow: H-scor=∑pi (i+1), where i is 
staining intensity, and p is percentage of posi-
tive cells to total cells counted. Two clinicians 
who were blind to the study detected the VEGF 
expression and a mean was obtained. 

Evaluation of clinical prognosis

Cure: the menstrual flow returned to normal or 
clinical symptoms improved, hysteroscopy at 
1-3 months after surgery showed normal shape 
of the uterine, normal outlets of bilateral ovi-
duct, and normal uterine horns. The endome-
trium was significantly thickened when com-
pared with that before surgery; 2) Improvement: 

the menstrual flow increased when compared 
with that before surgery, but was lower than the 
normal menstrual flow; the uterine was larger 
than that before surgery, but adhesion was par-
tially observed; The endometrium was signifi-
cantly thickened when compared with that 
before surgery; 3) Failure: the menstrual flow 
and clinical symptoms remained unchanged 
and massive IUA was present; the uterine pre-
sented with cylinder-like adhesion. 

Statistical analysis

Statistical analysis was done with SPSS version 
15.0 for Windows. Quantitative data were com-
pared with analysis of variance and t test. A 
value of P<0.05 was considered statistically 
significant. 

Results

Microstructure of endometrial cells of IUA 
patients

Transmission electric microscopy showed the 
swelling of glandular epithelial cells in the endo-
metrium at a low magnification and the loose 
cytoplasmic matrix, reduction in electron den-
sity, expansion of endoplasmic reticulum, loss 
of ribosome, swelling of mitochondria, shorten-
ing and reduction in mitochondrial cristae and 
vacuolized mitochondria at a high magnifica-
tion (Figure 1A). In the endometrial intersti-
tium, the matrix was loose, a large number of 
fibroblasts aggregated, cells were rich in organ-
elle, the number of rough endoplasmic reticu-
lum increased, and the mitochondria slightly 
expanded. In the matrix, a large amount of col-
lagen was diffuse or aggregated, the capillaries 

Figure 1. A: Evident expansion of endoplasmic reticulum, loss of ribosome, swelling of mitochondria, shortening and 
reduction in mitochondrial cristae, and vacuolized mitochondria; B: In the matrix, the capillaries were closed and 
presented with stenosis, no blood cells were found in the capillaries, the tight junction between endothelial cells 
was evident, and a large amount of collagens surrounded the blood vessels; C: The endoplasmic reticulum in the 
fibroblasts expanded and a large amount of collages surrounded these fibroblasts. 
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were closed and presented with stenosis, no 
blood cells were found in the capillaries, the 
tight junction between endothelial cells was 
evident, the cytoplasmic matrix was loose in 
the epithelial cells, the endoplasmic reticulum 
and mitochondria expanded, and vacuolar 
changes were noted in the endoplasmic reticu-
lum and mitochondria. In addition, a large 
amount of collagens aggregated and surround-
ed the blood vessels (Figure 1B, 1C).

After TCRA and artificial menstrual cycle thera-
py, there were following changes in the ultra-
structure of endometrial cells: at 3 months 
after surgery, the swelling of glandular epitheli-
al cells was improved; at a high magnification, 
the cytoplasmic matrix of glandular epithelial 
cells was nearly normal, the morphology of 

endoplasmic reticulum and mitochondria was 
nearly normal and had no swelling (Figure 2A). 
The interstitium was still loose, but the number 
of fibroblasts reduced in the interstitium, elas-
tic fibers were diffused and the collagens 
reduced; in the interstitium, newly generated 
capillaries were found, the tight junction 
between endothelial cells was evident, the 
nucleus of endothelial cells was large, these 
cells were rich in euchromatin, these capillaries 
presented with slight stenosis and the base-
ment membrane was no complete (Figure 2B). 

Immunohistochemistry for VEGF and MVD

In the normal endometrium and the endome-
trium of IUA patients with and without treat-
ment, VEGF expression was present, mainly in 

Figure 2. A: the morphology of endoplasmic reticulum and mitochondria was nearly normal in the glandular epithe-
lial cells. B: There were newly generated capillaries, the tight junction between endothelial cells was evident, the 
nucleus of endothelial cells was large, and these cells were rich in euchromatin.

Figure 3. A: VEGF expression in the endometrium of IUA patients (IHC; ×40, scare bar: 100 μm); B: VEGF expression 
in the endometrium of IUA patients (IHC; ×100, scare bar: 30 μm).
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the cytoplasm of glandular epithelial cells, but 
VEGF had a low expression in the interstitium 
(Figure 3A, 3B). 

Analysis showed the VEGF expression had a 
normal distribution, and then analysis of vari-
ance was performed to compare the VEGF 
expression among three groups. Results 
showed there was marked difference in the 
VEGF expression among three groups (Table 1). 

Detection of MVD by immunohistochemistry 

CD34 expression was found in the endometri-
um of normal endometrium and the endome-
trium of IUA patients before and after treat-
ment. The CD34 expression was mainly noted 
on the endothelial cells (Figure 4A, 4B). 

At a low magnificent, the region of interest was 
identified and then observed at a high magnifi-
cation. The blood vessels in 10 randomly 
selected fields were counted. The number of 

Figure 4. A: VEGF expression in the normal endometrium (IHC; ×40, scare bar: 100 μm); B: VEGF expression in the 
normal endometrium (IHC; ×100, scare bar: 30 μm).

Table 1. VEGF expression in the endometrium of patients in three 
groups ( X S! )
Group n VEGF expression score F P 

Normal control 20 3.19±0.58 3.621 <0.01
IUA patients before surgery 36 3.49±0.63
IUA patients after surgery 36 5.37±0.87

blood vessels presented 
with normal distribution, 
and then analysis of vari-
ance was performed to 
compare the number of 
blood vessels (MVD) in the 
endometrium among three 
groups. Results revealed 
that there was significant 
difference in the MVD of 
the endometrium among 
three groups (Table 2).

Correlation of prognosis 
with VEGF expression and 

MVD in IUA patients receiving surgery

Among 36 patients receiving surgery, IUA was 
cured in 16 patients with the cure rate of 44.4% 
(16/36); improvement was found in 15 patients 
with the improvement rate of 41.7% (15/36); 
surgical failure was noted in 5 patients with the 
failure rate of 13.9% (5/36). Among these 
patients, 2 had pregnancy after surgery (1 had 
8+ weeks of gestational age but the pregnancy 
was discontinued due to absence of embryo; 1 
had 26 weeks of gestational age but received 
odynopoeia due to fetal multiple malformations 
demonstrated by ultrasonography, and placen-
ta adhesion and implantation were absent). 

Statistical analysis showed the VEGF expres-
sion and MVD after surgery remained un- 
changed when compared with those before sur-
gery. However, the VEGF expression in patients 
responding to surgery was significantly higher 
than that in patients non-responding to sur-

Table 2. MVD of the endoemtrium in three groups ( X S! )
Group n MVD score F P 
Normal control 20 23.83±1.43 291.28 <0.01
IUA patients before surgery 36 25.64±1.84
IUA patients after surgery 36 37.19±2.96
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gery; the MVD in patients responding to surgery 
was markedly increased when compared with 
patients non-responding to surgery (Table 3). 

Discussion

Pathological basis of IUA and endometrial 
repair

After endometrial injury, the impairment of 
endometrial repair is a major cause of IUA. It 
has been reported that more than 90% of IUA is 
caused by intrauterine operation. In patients 
with severe IUA, the basal layer of endometrium 
is severely damaged, which makes the regen-
eration of endometrial cells and glands be inac-
tive and causes a poor endometrial receptivity 
[10]. In clinical practice, intrauterine surgery or 
infection may cause damage to the basal layer 
of endometrium, leading to the impaired regen-
eration of epithelial cells and injured angiogen-
esis, which may cause difficulty in endometrial 
repair [11]. Under this condition, the absence of 
endometrium in the uterine may cause forma-
tion of fibrous scar and adhesion between ante-
rior and posterior walls. In the present study, 
electric microscopy showed the glandular epi-
thelial cells in the endometrium presented with 
swelling, and the endoplasmic reticulum in 
these cells also expanded, the ribosome was 
lost, the mitochondria were swelling, the mito-
chondrial cristae shortened and reduced and 
vacuolization of mitochondria was also found. 
The interstitium was loose, the capillaries in 
the interstitium were closed or presented with 
stenosis, and no blood cells were found in 
these capillaries. In addition, the tight junction 
between endothelial cells was obvious, and a 
large amount of fibroblasts aggregated in the 
interstitium.

Angiogenesis in endometrial repair in IUA 
patients 

In the normal menstrual cycle, the growth of 
spiral arteries in the endometrial functional 
layer is cyclical; the spiral arterioles in the inter-

stitium develop in the proliferative phase, their 
wall thickens and their lumen enlarges; in the 
secretory phase, these spiral arteries increased 
and curled, the blood vessel network remodels 
and becomes mature, which changes the vas-
cular resistance and prepares for the embryo 
implantation [7]. It has been reported that the 
growth of spiral arteries and subepithelial capil-
laries occur in the whole functional layer during 
the proliferative phase [8]. In the present study, 
transmission electric microscopy showed focal 
ischemic/hypoxic changes in the endometrium. 
After TCRA and artificial hormone therapy for 3 
months, electric microscopy revealed the 
angiogenesis in the endometrium. In addition, 
the morphology of endoplasmic reticulum and 
mitochondria in the glandular epithelial cells 
was nearly normal and had no evident swelling; 
the fibroblasts in the intestinum reduced sig-
nificantly and a small amount of elastic fibers 
was diffused in the interstitium and the colla-
gens reduced. These findings suggest that the 
impaired revascularization and focal ischemia 
in the endometrium are the main causes of 
impaired endometrial repair and formation of 
endometrial scar and IUA; the revascularization 
and increase in blood supply provide support 
for the endometrial repair. 

MVD is an objective indicator for the evaluation 
of angiogenesis and has been widely applied in 
the assessment of the growth of blood vessels. 
The CD34 is specific and has been regarded to 
be a most sensitive marker of endothelial cells. 
In the present study, immunohistochemistry for 
CD34 was done to detect the microvessels. 
The microvessels were counted under a micros-
copy, and the MVD was compared in IUA 
patients before and after therapy. VEGF is an 
important pro-angiogenic factor and promote 
the division of endothelial cells and maintain 
the vascular permeability. Our findings revealed 
that the VEGF expression and MVD in the endo-
metrium of IUA patients after therapy were 
markedly increased when compared with those 
in IUA patients before therapy and in normal 

Table 3. VEGF expression and MVD in IUA patients before and after surgery ( X S! )
Group n Before surgery After surgery

VEGF MVD VEGF MVD
responder 16 3.55±0.48 25.71±1.24 5.89±0.33 38.23±2.05
non-responder 5 3.24±0.73 22.68±1.93 4.11±0.56 27.23±2.11
P 0.012 0.021 0.006 0.014
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endometrium. These findings suggest that the 
post-operative therapy may promote the revas-
cularization and angiogenesis in the endome-
trium. In the follow up, our results showed the 
VEGF expression and MVD in patients respond-
ing to therapy were significantly higher than 
those in patients non-responding to therapy, 
which indicates that the revascularization and 
angiogenesis in the endometrium may influ-
ence the endometrial repair.

Relationship between angiogenesis and 
estrogen, and role of angiogenesis in future 
treatment of IUA

A variety of studies have shown that VEGF and 
its receptors are expressed in human endome-
trium, and their expressions change periodical-
ly [12]. In the in vivo experiment, estrogen can 
significantly stimulate the VEGF expression in 
the endometrium [13]. In the ovariectomized 
rats, estradiol (100 ng) treatment for 24 h may 
significantly increase the proliferation of vascu-
lar endothelial cells in the endometrium, 
accompanied by increase in ratio of vascular 
density to interstitial cell density [14]. Our find-
ings also revealed that, after TCRA and artificial 
menstrual cycle therapy for 3 months, the VEGF 
expression and MVD increased significantly 
when compared with the IUA patients before 
therapy and the controls. These findings indi-
cate that estrogen may promote the angiogen-
esis in the endometrium, which is helpful for 
the endometrial repair.

In clinical practice, TCRA has been a standard 
strategy for the treatment of IUA [5]. Post-
operatively, estrogen is often used at a high 
dose aiming to promote the endometrial repair, 
and the dose of estrogen is increasing in recent 
years. The estrogen at high dose may increase 
the risk for thrombosis and malignancies. In 
addition, the current therapeutic efficacy of IUA 
is still unsatisfactory, and recurrence of IUA is 
often found after TCRA. There is evidence 
showing that the incidence of IUA recurrence is 
as high as 20-62% after surgery [3]. Thus, the 
application of estrogen at high dose is now 
questioned by some clinicians. 

In mice with IUA [15], estrogen was adminis-
tered at different doses. Results showed the 
mice treated with estrogen at physiological 
dose had the lowest score of endometrial fibro-
sis. The uterine is a special environment. 

Although the pro-adhesion and pro-fibrotic fac-
tors (such as TGF-β and bFGF) are at a low level 
in the presence of estrogen at low dose, this 
condition is not beneficial for the endometrial 
repair. When the endometrium is mildly dam-
aged and the majority of endometrium is still 
intact and has normal function, estrogen at 
appropriate dose may promote the differentia-
tion of basal layer of the endometrium into 
functional layer which may cover the injured 
endometrium and is helpful for the functional 
and morphological recovery of endometrium. 
When the basal layer of the endometrium is 
severely damaged, the basal layer loses the 
ability to regenerate. Under this condition, a 
large number of neutrophils, mononuclear 
macrophages, lymphocytes and fibroblasts 
aggregate in the injured endometrium to induce 
acute and chronic inflammation and secrete a 
variety of inflammatory mediators. The estro-
gen at high dose under this condition may 
induce the endometrial fibrosis by interacting 
with other cytokines including TGF-β. However, 
estrogen at a low dose may cause the 
endometrial atrophy due to absence of support 
by hormone, which may cause the proliferation 
of fibroblasts and finally result in endometrial 
fibrosis. Thus, the estrogen at high dose is not 
beneficial for prevention of IUA recurrence after 
surgery. 

On the basis of above findings, the post-opera-
tive application of estrogen is a “double-edged 
sword” in the prevention of IUA recurrence. 
Thus, whether we can promote the endometrial 
repair with other strategies in the presence of 
estrogen at appropriate dose? Our results 
showed the VEGF expression and MVD 
increased dramatically in IUA patients after sur-
gery and artificial menstrual cycle therapy, 
when compared with IUA patients before thera-
py and controls. Moreover, the VEGF expression 
and MVD in patients responding to therapy 
were significantly higher than those in patients 
non-responding to therapy. This indicates that 
post-operative therapy may promote the angio-
genesis in the endometrium, which may influ-
ence the endometrial repair. 

Thus, whether we can take measures to pro-
mote the angiogenesis in the endometrium in 
the presence of estrogen at safe and effective 
dose to improve the prognosis of IUA patients? 
More studies are required to confirm it. 
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