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Abstract

Background: A good blood flow towards the endometrium is an 
essential prerequisite for its development and differentiation, for 
the implantation of blastocyst and continuation of pregnancy. Di-
minished endometrial perfusion may be the one of the important 
reason behind the patients with unexplained infertility. The present 
study was carried out to estimate the cut-off of microvascular den-
sity determinative of good endometrial receptivity.

Methods: The study included 60 patients who qualified the exclu-
sion and inclusion criteria. Transvaginal Doppler ultrasonographic 
examination was performed for all patients prior to the scheduled 
premenstrual biopsy to determine sub endometrial blood flow. The 
biopsied endometrial tissue was processed. The blood vessels were 
identified in endometrial tissue and counted in 5 high power fields/
slide. Total area of the field was calculated using stage micrometer. 
The density of the vessels was calculated as number of vessels/mm2 
of the fields.

Results: Three vascular penetration zones based on Doppler ul-
trasonographic examination were identified as zone 1, zone 2, and 
zone 3 i.e. poor, intermediate and good vascularity respectively. 
The endometrial microvascular density in patients with vascular-
ity falling in zone 1, zone 2, and zone 3 were 14.18 ± 4.07 vessels/
mm2, 24.53 ± 4.65 vessels/mm2 and 42.3 ± 6.1 vessels/mm2 respec-

tively. Comparative observation between Doppler and microvascu-
lar density revealed that in all patients with zone 3 vascularity, the 
microvascular density was more than 35 vessels/mm².

Conclusions: A quantitative parameter was obtained from this 
study which identifies good endometrial receptivity and predicts the 
fertility of the patient which can be used as a prognostic marker in 
infertile patients particularly in developing countries.
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Introduction

The natural conception depends upon good general health 
status of the couple. Infertility affects about 10% of all cou-
ples of which female factor alone comprises 50 - 60% of 
the cases. Female infertility is a representation spectrum of 
causes ranging from the abnormalities in oogenesis, tubal dis-
orders to diminished endometrial receptivity [1]. Endometri-
al receptivity can be an important determinant of fertility in 
woman with unexplained causes. Preparation of a receptive 
endometrium requires changes in its pattern, thickness and 
angiogenesis which are accompanied by the increase in vas-
cular permeability that not only supports endometrial prolif-
eration but at the same time transforms thin dense endome-
trium into thick, highly permeable secretory endometrium 
[2]. Implantation of the fertilized ovum in endometrium is 
a dynamic process [3, 4]. Through the menstrual cycle, the 
endometrium undergoes a precisely defined morphological 
change that establishes a receptive endometrium [5-7]. A 
good blood supply towards the endometrium is an essential 
prerequisite for successful implantation. Implantation failure 
may be directly related to the insufficient uterine perfusion 
[8, 9]. Since the adequate blood flow is a basic requirement 
in implantation and maintenance of pregnancy [10], the pres-
ent study was undertaken to assess endometrial vascularity 
by Doppler velocimetry and to compare it with morphomet-
ric analysis of vascular density on histopathological study of 
the endometrium in infertile women.
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Materials and Methods
   

The present study was conducted in the Department of Anat-
omy in collaboration with Department of Obstetrics & Gyn-
aecology and Department of Pathology of Lady Hardinge 
Medical College and Smt. Sucheta Kriplani hospital, New 
Delhi. 150 patients attending gynaecology OPD with history 
of primary or secondary infertility were considered for the 
study. These patients were subjected to routine investiga-
tions of infertility as per the hospital’s protocol to rule out 
known causes of infertility. Husband’s semen analysis was 
done as per standard WHO guidelines to rule out male fac-
tors of infertility. Routine haematological examinations i.e. 
complete blood count with ESR, blood sugar, VDRL, liver 
and kidney function test were done to rule out metabolic 
factors. Transabdominal Ultrasonography was done for all 
patients and those with known causes like uterine malforma-
tions, fibroids, Asherman’s syndrome, tubercular endome-
tritis and tubal blockage were excluded. Tubal patency was 
determined by hystero-salpingography (HSG).

After the preliminary investigations 60 patients with 
unknown causes of infertility were included in the study 
group. This included patients in the age group of 20 - 35 
years. Maximum number of patients i.e. 41 had a period of 
infertility ranging between 1 - 5 years, 14 had infertility for 
6 - 10 years while 5 patients had a prolonged period of infer-
tility i.e. 11 - 15 years. 39 patients of the study group were 
the cases of primary infertility with no prior documented 
conception while 21 patients had one or more documented 

conception not necessarily a live birth i.e. secondary infer-
tility.

These patients were then followed with Doppler ultraso-
nographic examination with a 5 MHz endovaginal probe us-
ing Nemio XG SSA-580A (Toshiba), which was performed 
during secretory phase of the endometrial cycle (day 24/25) 
just prior to the scheduled endometrial biopsy. Endometrial 
tissue was collected using 022720 MedGyn Endosampler 
(25/bx), the endometrial sampling device. The tissue thus 
obtained was fixed in formalin, dehydrated, embedded in 
paraffin and sectioned (4 - 6 µm thickness). It was stained 
with Haematoxylin & Eosin stain and observed under light 
microscope (Fig. 1).The blood vessels were identified and 
counted in 5 high power fields/slide. Vessel concentration or 
density is defined as average number of vessel cross-section 
counted within one eyefield at 400x magnification. Total area 
of the field was calculated using stage micrometer. The den-
sity of the vessels was calculated as number of vessels/mm2. 
Three slides were studied per patient and the average vessel 
density calculated.

 
Results

  
The mean of microvascular density for all the patients was 
found to be 24.75 ± 11.40 vessels/mm2. The histologi-
cal changes in the endometrium correspond to the cyclical 
changes in a menstrual cycle. When the histological dating 
is within a day of the chronological date the endometrium is 

Figure 1. Photomicrograph showing poor (a), intermediate (b) and good (c) endometrial vascularity (400 
X). Black arrow: stroma. Red arrow: endometrial glands. Yellow arrow: blood vessels. Flowchart of study 
subjects.

76                                                                                                                                                                                                                                                                                                                                                                                                                                                77



J Clin Gynecol Obstet  •  2013;2(2):76-80   Endometrial Microvascular Density

Articles © The authors   |   Journal compilation © J Clin Gynecol Obstet and Elmer Press™   |   www.jcgo.elmerpress.com

known as in phase and when the difference is more than a 
day it is out of phase endometrium. The mean microvascu-
lar densities in patients with proliferative, secretory (out of 
phase) and secretory (in phase) endometrium were 13.63 ± 
4.22vessels/mm2, 18.4 vessels/mm2 and 29.32 ± 10.42 ves-
sels/mm2 respectively (Fig. 2). The range of microvascular 
density of all patients with secretory (in phase) endometrium 

was seen to be falling between 11.2 to 53.5 vessels/mm². On 
extensive literature search no prior study of the microvascu-
lar density in endometrium of fertile women was available 
i.e. a cut-off value to determine good endometrial vascularity 
was not available, the colour doppler findings of endometrial 
vascularity were taken as gold standard for comparison of 
microvascular density on HPE. Colour Doppler imaging was 

Figure 2. Mean microvascular density (vessels/mm2) in patients with proliferative, secretory (out of phase), 
and secretory (in phase) endometrium.

Figure 3. Doppler photographs showing different levels of vascular penetration-zone1 (a), zone 2 (b) and 
zone 3 (c). Dotted line: extent of endometrium. Yellow arrow: innermost endometrial lining. Red arrow: 
myometrium. Blue arrow: vascularity as seen as red patches.

78                                                                                                                                                                                                                                                                                                                                                                                                                                                79



J Clin Gynecol Obstet  •  2013;2(2):76-80Jain et al

Articles © The authors   |   Journal compilation © J Clin Gynecol Obstet and Elmer Press™   |   www.jcgo.elmerpress.com

performed in all patients just before the patients were sub-
jected to endometrial biopsy to identify the degree of endo-
metrial vascular penetration i.e. endometrial vascularity. The 
endometrium of the patients was categorized as per vascular 
penetration in three zones [11]. 

Zone 1 (poor vascularity): the vascular penetration was 
present only in the myometrium or the outermost endome-
trial lining (Fig. 3a). 

Zone 2 (intermediate vascularity): the vascular penetra-
tion present in the outer half of the endometrial thickness, 
not reaching till its innermost lining (Fig. 3b). 

Zone 3 (good vascularity): vascular penetration present 
in whole of the endometrium i.e. till its innermost endome-
trial lining (Fig 3c). 

The total numbers of patients were now distributed ac-
cording to the Doppler zones of vascularity. Majority of the 
patients fell in Zone 1 and Zone 2 i.e. poor and intermediate 
vascularity being 21patients (35%) and 26 patients (43.33%) 
respectively, while only 13 patients (21.67%) were found to 
have vascular penetration till innermost endometrial lining 
i.e. Zone 3. The mean of microvascular density (MVD) in 
patients with Zone 3, Zone 2 and Zone 1 vascularity was 
found to be 42.3 ± 6.1 vessels/mm², 24.53 ± 4.65 vessels/
mm² and 14.18 ± 4.07 vessels/mm² respectively. This differ-
ence of mean microvascular density in patients with Dop-
pler vascular penetration zones was highly significant (p < 
0.01). In patients with zone 3 Doppler vascularity, the MVD 
was invariably found to be ranging between 35 - 53.5 ves-
sels/mm². Thus, the MVD > 35 vessels/mm² was labelled as 
good vascularity. Similarly in all patients with Zone 2 Dop-
pler vascularity the microvascular density was found in the 
range of 20 - 35 vessels/mm². Therefore the microvascular 
density of 20 - 35 vessels/mm² was labelled as intermediate, 
whereas < 20 vessels/mm² as poor vascularity.

Discussion
  
The endometrium undergoes increase in the thickness and 
vascularity through the menstrual cycle which is required for 
the implantation of the fertilized ovum. Poor uterine perfu-
sion can be one of the important reasons behind the cases 
of unexplained infertility [8]. Chien et al observed a signifi-
cantly higher pregnancy and implantation rates in patients 
with increased vascularity as compared to the patients in 
which there was no detectable blood flow on Doppler [12]. 
Similar observation was made in the present study, where 
the total 5 patients who subsequently conceived, 4 (30.76%) 
belonged to the patient group of 13 patients with good vascu-
larity i.e. vascularity reaching till the innermost endometrial 
lining while 1 (7.69%) belonged to patient group with (26 
patients) intermediate vascularity. No conception was noted 
in the patient group (21 patients) with poor vascularity. The 
higher conception rate in patients with good vascularity sup-

ports the conjecture that a good blood flow is an important 
determinant of endometrial receptivity.

A significantly greater microvascular density was ob-
served by Blackwell et al in the secretory phase endometri-
um i.e. 25.0 ± 12.7 vessels/sq mm as compared to 12.2 ± 6.3 
vessels/sq mm (p < 0.005) in mid-proliferative phase [13]. 
Similarly in the present study the mean microvascular den-
sity was 29.32 ± 10.42 vessels/mm² in secretory (in phase) 
endometrium as compared to 18.4 vessels/mm² in secretory 
(out of phase) and 13.63 ± 4.22 vessels/mm² in the prolifera-
tive endometrium (p = 0.000). Makhija et al in their study 
on morphometric evaluation of endometrial blood vessels 
have compared mean blood vessel concentration in 17 endo-
metrial specimens of infertile patients with 63 endometrial 
samples taken as controls. It was observed that there was no 
statistically significant difference in the mean blood vessel 
concentration, congestion or dilatation between control and 
the infertile group. Makhija et al reported a lower concentra-
tion of the endometrial vessels of 3.86 ± 0.71/ high power 
fields as compared to the mean microvascular concentration 
of 4.86 ± 2.23 vessels/ high power fields (equivalent to 24.75 
± 11.40 vessels/mm2 under 40x magnification) in the present 
study [14].This difference in the mean microvascular con-
centration may be due to the fact that it was not clear in their 
study regarding the cause of infertility i.e. the type of endo-
metrial biopsy, phase of menstrual cycle, as compared to the 
present study where only the patients with uterine causes of 
infertility were taken and endometrial tissue was obtained 
only in the premenstrual phase.

Comparative observation between Doppler and mi-
crovascular density revealed that in all patients with zone 
3 vascularity, the microvascular density was more than 35 
vessels/mm². In all patients with zone 2 vascularity, the mi-
crovascular density was found in the range between 20 - 35 
vessels/mm². Therefore in the present study the vascularity 
more than 35 vessels/mm² was considered as good, between 
20 - 35 vessels/mm² as intermediate and less than 20 vessels/
mm² as poor. Thus a quantitative parameter was obtained 
from this study which defines good endometrial receptivity 
and predicts the fertility of the patient which can be used as 
a prognostic marker in infertility patients. Microvascular en-
dometrial density is a cost effective alternate to the Doppler 
studies which can determine patient’s endometrial vascular-
ity vis a vis receptivity at places like peripheral health cen-
ters where doppler facilities are not available. Study of endo-
metrial microvascular density in infertile women widens the 
horizon of treatment to the treating gynecologists and drugs 
that improve uterine blood flow and hence the receptivity.
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