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ABSTRACT
Background: The aim of this study was to investigate the association of perifollicular
blood flow with oocyte quality , metaphase 2 conversion and embryo quality after
controlled ovarian hyperstimulation in antagonist cycles .
Objective: The primary aim was to measure the perifollicular Doppler blood flow
indices in graffian follicle and correlate it with number of mature oocytes retrieved
in women undergoing intracytoplasmic sperm injection (ICSI) in controlled ovarian
hyperstimulation with gonadotropins in antagonist cycles .The secondary aim was to
assess the blastocysts obtained from these oocytes.
Results: Antagonist protocol was used for controlled ovarian stimulation with se-
quential gonadotropin protocol . Peripheral Vascularity, pulsatility Index (PI) and
resistive index (RI) of perifollicular perfusion were assessed on day 10 for 65 follicles.
After oocyte retrieval the count of metaphase stage 2 oocytes, and day 5 embryos
obtained were evaluated.
RI and PI indices had a positive correlation with age (p value nonsignificant). Folli-
cles with ≥18 mm diameter and >75% of circumferential perfusion (p value= 0.04,
significant ), Follicle with > 75% circumferential vascularity with low PI and RI were
associated with high number of metaphse 2 oocytes (p value significant). Follicles
with >75% of vasculaity with low PI and RI were associated high number of Day 5
blastocyst (p value significant).
Conclusion: In our study, the Doppler indices of perifollicular blood flow provided
a reliable prediction of the number and quality of metaphase 2 oocytes and day 5
embryos. Hence perifollicular blood flow is a simple, non-invasive and economical
marker to predict response to gonadotropins in controlled ovarian hyperstimulation.
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1 INTRODUCTION
Perifollicular perfusion and ovarian stromal blood flow are
useful markers for optimal evaluation of follicles, with the
former having a direct relationship with follicular oxygena-
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tion and oocyte maturation (1) .The chance of obtaining
a high-quality oocyte, and thus a good embryo, increases
when perifollicular blood flow which is preferably between
50% and 75% (2,3) . In the ovary, primordial and preantral
follicles have no independent blood supply of their own and
derive their vascularity from the stromal blood vessels. How-
ever, subsequently, the growth of the primary follicles leads
to the development of a vascular network in the theca layer
with increased follicular vascularity.(4,5)

The inner granulosa cells aromatize androgen to produce
oestrogen. They also produce other protein hormones and
secrete proteoglycan to produce an osmotic gradient and
fluid-filled cavity (6). The resulting capillary network medi-
ates the transport of oxygen, nutrients, and precursor sub-
stances (7,8). Vascularization is the primary essential step
in follicular growth, and the follicular microenvironment is
an essential factor in oocyte growth .

It was observed that embryos from oocytes resulting from
well vascularized follicles had a higher implantation rate
than those from oocytes developed in poorly vascularized
follicles.(6)The introduction of transvaginal power Doppler
ultrasound has facilitated non-invasive study of the vascu-
larity of ovarian follicles in detail.(9) Ovarian perifollicular
blood flow assessment using Doppler Ultrasound has been
postulated to be a good marker of oocyte competence, em-
bryo viability, and implantation potential too.(10) Thus,
this study aims to find out the role of perifollicular vas-
cularity in patients undergoing Controlled Ovarian Hyer-
stimulation (COH) cycles in predicting oocyte maturity and
embryo development . The perifollicular perfusion by colour
Doppler ultrasonography (USG) was done and their correla-
tion with the quality of oocytes and thus the embryo quality
were evaluated.

2 MATERIALS AND METHODS
This prospective study was conducted on 65 Graffian 
follicles for a period of 4 months in the ARC 
International fertility hospital and research centre, affiliated 
to Saveetha University Chennai India. Informed, written 
consent will be taken from all participants

All participants were 20 - <40 years old women who will 
be in the first ART cycle. All participants and regular men-
struation cycles, were non-smokers, did not use any drug 
and had basal Follicle Stimulating Hormone level (FSH) 
<10 mIU/m. All patients underwent serial transvaginal ul-
trasound scans starting from day 8 of the cycle and con-
tinued every day until trigger was administered using Min-
dray DC 70 Ultrasound with power and Doppler facilities. 
The size of the follicle was calculated by using the mean of 
two maximum diameters. Perifollicular Doppler blood flow 
was assessed in follicles > 18 mm before oocyte recovery. 
We placed the power Doppler colour over each ovarian fol-
licle and then took a cross-sectional image of the follicle 
with the maximum colour intensity representing the great-
est Doppler frequency shifts. The follicular circumference

was frozen and the perifollicullar vascularity was graded
based on Chuiet al . According to this modified grading
system, perifollicular vascularity was represented as: Grade
0: 0%, Grade 1: 1-25%, Grade 2: 26-50%, Grade 3: 51-75%,
Grade 4: 76-100%.

Women with congenital uterine anomaly, endometriosis
confirmed by laparoscopy, history of partial or complete
surgical resection of the ovary, myoma (intramural <5mm
away from endometrium and features of Ovarian hyperstim-
ulation syndrome (OHSS) were excluded from the study.

Doppler ultrasound was performed by transvaginal USG 
machine having a 8 MHz transvaginal probe from 10th 

day of stimulation till trigger injection or lead follicle size 
>18mm on each participant. For all the scans, the velocity 
range, wall filter, and colour gain were s tandardized i n the 
USG machine. The flow velocity waveforms from the Graffi-
ian folliular perpheral vascular sheath was used to calculate 
Resistive index and Pulsatility index (Figure 1). A record-
ing was considered satisfactory for measurement when there 
were three consecutive waveforms with gentle peak. Dur-
ing oocyte recovery, each follicle was aspirated individually 
into individually numbered tubes, quality of oocytes, fertil-
ization rate, cleavage rate, number of good quality embryos 
was evaluated .

A total of 65 patients were included in the study. The
patient characteristics like age, follicular diameter, resistive
index ,pulsatility index, maturity of oocyte, blastocyst con-
version were recorded. Descriptive and inferential statistics
were used to analyze the data. Comparisons of age, AMH,
AFC, resistivity index, pulsatility index and oocyte matu-
rity and Blastocyst conversion rate were performed with
the use of Pearson Correlation. Correlation Coefficient (r)
was used for measuring the linear dependence of two vari-
ables. Correlation coefficient, -1 <= r <= 1, 1 represents
strongly positively correlated, -1 represents strongly nega-
tively correlated, 0 represents no correlation. A scatter plot
was plotted using Cartesian coordinates to show values for
two variables. Chi square test with Yate’s correction was
used for categorical variables. One tailed p value< 0.05 was
considered significant .Statistical analysis was done using
MEDCALC (Belgium).

3 RESULTS
Satisfactory waveforms were obtained in 63 follicles. The
mean age of patients with follicle diameter more than 18 and
peripheral vascularity > 75% was 29.34+3.15 (mean+SD).
The mean Body Mass Index (BMI) of women with re-
cruited follicles were recrited in the study was 26.19+2.25
(mean+SD).

The description of various parameters of study popula-
tion such as age, Antimullerian Hormone(AMH) , Antral
follicular count , Pulsatility Index and Resistiity Index is
given in Table 1 . There was a significant association be-
tween grade of peripheral vascularity and maturity of oocyte
till Metaphase 2 stage ( pvalue=0.0076, Table 2).There was
also a significant corellation between grade of peripheral
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vascularity and number of embryos till blastocyst stage(p
value=0.0473, Table 3)

Table 1. The corellation between various parameters of
study population(Age, Antimullerian Hormone, Antral
follicular count, Pulsatility Index and Resistiity Index)

Se-
rial
no.

Characteristic
(n=63)

Coefficient of
correlation
(Confidence
interval)

p
value

Infer-
ence

1 Age v/s
Pulsatility Index

0.013509
(-0.024-0.26)

0.9136Positive

Non sig-
nificant

2 Age v/s
Resistivity Index

0.024854
(-0.22-0.27)

0.8470Positive

Non sig-
nificant

3 Age v/s Anti
Mullerian
Hormone

-0.094332(-
0.33-0.16)

0.462257Nega-
tive
Non sig-
nificant

5 Age v/s Antral
Follicular Count

-0.076526(-
0.32-0.17)

0.5538Nega-
tive
Non sig-
nificant

6 Anti Mullerian
Hormone v/s
Antral Follicle
Count

0.835291(0.74-
0.90)

<0.00001Positive
Signifi-
cant

Table 2. Grade of peripheral vascularity and maturity
of oocyte till Metaphase 2 stage (pvalue=0.0076, signif-
icant)

Peripheral
Vascularity

Germinal Vesicle and
metaphase 1 oocyte

Metaphase
2 oocyte

To-
tal

Grade 1 and
2

11 8 19

Grade 3 and
4

10 34 44

Total 21 42 63

Table 3. Grade of peripheral vascularity and number of
embryos till blastocyst stage(pvalue=0.0473, significant)

Peripheral
Vascularity

Arrested
Embryos

Blastocyst Day 5
Embryos

To-
tal

Grade 1 and 2 5 3 8
Grade 3 and 4 10 30 40
Total 17 33 48

4 DISCUSSION
A good quality oocyte often results in a good quality em-
bryo (11). The follicular microenvironment of human oocyte
plays a crucial factor in its developmental competence of re-
sulting embryo(11). The quality and maturity of the oocyte
depends on the intrafollicular levels of oxygen which in
turn is directly proportional to the amount of follicular
vascularity(12).

Figure 1. Measurement of follicular periph-
eral vascularity Doppler Indiices (PS=Peak sys-
tolic, ED=EndDiastolic, RI=Resistivity Index,
PI=Pulsatility Index) in 2D colour Doppler Sonography.

The study by Chui et al. demonstrated that oocytes de-
rived from follicles with low grade vascularity resulted in
a significantly higher proportion of triploid embryos when
compared to those derived from follicles with high grade
vascularity(13).

It is evident in this study that with advancing age there is
an increase in PI and RI (Figure 1 and Figure 2). This study
also demonstrates that Resistivity Index and Pulsatility in-
dex have negative correlation with number of Metaphase 2
oocytes retrieved (Figure 3 and Figure 4) . This study also
shows that Resistivity Index and Pulsatility index have neg-
ative correlation with Blastocyst and Blastocyst conversion
(Figure 5 and 6)

Similarly, a study by Bhal et al. showed a significantly
higher oocyte retrieval rate, maturity and fertilization rate
with significantly lower triploidy rate in the group with
high grade vascularized follicles.(14) The compromised peri-
follicular microcirculation leads to hypoxia which probably
causes an increased incidence of aneuploid oocytes(15).

However our study has some limitations. Pulsatility index
and resistivity index used for assessing vascularization and
blood flow are derived from a single artery, which may not
be the true representative of the surrounding vasculature or
total follicular blood flow.(16,17) Furthermore, the accuracy
of measurement of blood flow velocity is dependent on the
angle of insonation to the blood vessels. This may at times
be difficult to measure correctly as the arteries within the
ovary are not only small but tortuous also.

The recent advent of high resolution and 2 D and 3 D
Doppler ultrasound scanning has led to the formulation
of several uterine and ovarian sonographic markers which
can predict ooutcome in assisted reproductive treatment
cycles(18). Of these markers, the assessment of peri follic-
ular blood flow using colour Doppler imaging is a useful
predictor of ovarian responsiveness to gonadotropins.
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5 CONCLUSION
In our study, the perifollicular blood flow p rovided a 
favourable predictionon the quality of oocytes retrieved at 
Metaphase 2 stage an number of embryos. Hence, perifol-
licular blood flow may be used as a  valid indirect marker of 
oocyte quality The association between perifollicular vascu-
lar perfusion and follicular oxygenation and oocyte matura-
tion does exist which ultimately gets translated to quality of 
embryos . However how the effects of vascularization in per-
ifollicular regions are mediated in controlled ovarian hyper-
stimulation in ART, is still unclear. The addition Doppler 
ultrasonography with gray scale can be used to predict 
out-come. 

REFERENCES
[1] Bhal PS. The use of transvaginal power Doppler ultrasonog-

raphy to evaluate the relationship between perifollicular vas-
cularity and outcome in in-vitro fertilization treatment cy-
cles. Human Reproduction. 1999;14(4):939–945. Available
from: https://dx.doi.org/10.1093/humrep/14.4.939.

[2] Oyesanya OA. Prediction of oocyte recovery rate by
transvaginal ultrasonography and colour Doppler imaging
before human chorionic gonadotropin administration in in
vitro fertilization cycles. Fertil Steril. 1996;65:806–815.

[3] Robson SJ. Power Doppler assessment of follicle vascularity
at the time of oocyte retrieval in invitro fertilization cycle.
Fertil Steril. 2008;90:2179–2182.

[4] Gordon JD. Angiogenesis in the hun female reproductive
tract. Obstet Gynecol Surv. 1995;50:688–97.

[5] Kim SH. Clinical significance of transvaginal colour Doppler
ultrasonography of the ovarian artery as a predictor of ovar-
ianresponse in controlled ovarian hyperstimulation for in
vitro fertilization and embryo transfer. J Assist Reprod
Genet. 2002;19:103–115.

[6] Findlay JK etalAngiogenesis in reproductive tissues. J.
1986;111:357–66.

[7] Syrop CH, Willhoite A, Voorhis BJV. Ovarian volume: a
novel outcome predictor for assisted reproduction. Fertility
and Sterility. 1995;64(6):1167–1171. Available from: https:
//dx.doi.org/10.1016/s0015-0282(16)57979-5.

[8] Iranian Journal of Reproductive. 2010;8(3):135–138.
[9] Chui DK. Follicular vascularity - The predictive value of

transvaginal power Doppler ultrasonography in an in-vitro
fertilization programme: A preliminary study. Hum Reprod.
1997;12:191–197.

[10] Blerkom JV. The influence of intrinsic and extrinsic factors
on the developmental potential and chromosomal normality
of the human oocyte. J Soc Gynecol Investig. 1996;3:3–11.

[11] Borini A. Perifollicular vascularity and its relationship with
oocyte maturity and IVF outcome. Ann N Y Acad Sci.
2001;943:64–71.

[12] Dickey R. Doppler ultrasound investigation of uterine and
ovarian blood flow in infertility and early pregnancy. Human
Reproduction Update. 1997;3(5):467–503. Available from:
https://dx.doi.org/10.1093/humupd/3.5.467.

[13] Blerkom JV. Intrafollicular influences on human oocyte de-
velopmental competence: perifollicular vascularity, oocyte
metabolism and mitochondrial function. vol. 15. Hum: Ox-
ford University Press (OUP); 2000. Available from: https:
//dx.doi.org/10.1093/humrep/15.suppl_2.173.

[14] Raine-Fenning NJ, Campbell BK, Clewes JS, Kendall NR,
Johnson IR. The reliability of virtual organ computer-aided

analysis (VOCAL) for the semiquantification of ovarian,
endometrial and subendometrial perfusion. Ultrasound in
Obstetrics and Gynecology. 2003;22(6):633–639. Available
from: https://dx.doi.org/10.1002/uog.923.

[15] Blerkom JV. et al can the developmental competence of
early human embryos be predicted effectively in the clinical
IVF laboratory. Hum Reprod. 1997;12:1610–1614.

[16] Gregory L. Ovarian markers of implantation potential in
assisted reproduction. Human Reproduction. 1998;13(suppl
4):117–132. Available from: https://dx.doi.org/10.1093/
humrep/13.suppl_4.117.

[17] Coulam CB, Goodman C, Rinehart JS. Colour Doppler
indices of follicular blood flow as predictors of pregnancy
after in-vitro fertilization and embryo transfer. Human Re-
production. 1999;14(8):1979–1982. Available from: https:
//dx.doi.org/10.1093/humrep/14.8.1979.

[18] Rubin JM. Musculoskeletal power Doppler. European
Radiology. 1999;9(S3):S403–S406. Available from: https:
//dx.doi.org/10.1007/pl00014084.

AUTHOR BIOGRAPHY

Sharad Prabhakar Rao Ingle ARC International 
Fertility Hos-pitals And Research Center, Cochin Branch, 
No 38, KNS Towers, 4010, Old NH 47, Mamangalam, 
Palarivattom, Kochi, Kerala

Mahalaxmi Saravanan ARC International Fertility Hos-
pitals And Research Center, Cochin Branch, No 38, KNS
Towers, 4010, Old NH 47, Mamangalam, Palarivattom,
Kochi, Kerala

Nidhi Sharma Saveetha Medical College And University
No.162, Poonamalle High Road, Velappanchavadi, Chennai,
Tamil Nadu

Priya Senthil ARC International Fertility Hospitals And
Research Center, Cochin Branch, No 38, KNS Towers, 4010,
Old NH 47, Mamangalam, Palarivattom, Kochi, Kerala

Sargunadevi ARC International Fertility Hospitals And
Research Center, Cochin Branch, No 38, KNS Towers, 4010,
Old NH 47, Mamangalam, Palarivattom, Kochi, Kerala

Neenu Sugesh ARC International Fertility Hospitals And
Research Center, Cochin Branch, No 38, KNS Towers, 4010,
Old NH 47, Mamangalam, Palarivattom, Kochi, Kerala

Innovative Journal of Medical and Health Science, Vol 10 Iss 05, 873–876 (2020)

https://dx.doi.org/10.1093/humrep/14.4.939
https://dx.doi.org/10.1016/s0015-0282(16)57979-5
https://dx.doi.org/10.1016/s0015-0282(16)57979-5
https://dx.doi.org/10.1093/humupd/3.5.467
https://dx.doi.org/10.1093/humrep/15.suppl_2.173
https://dx.doi.org/10.1093/humrep/15.suppl_2.173
https://dx.doi.org/10.1002/uog.923
https://dx.doi.org/10.1093/humrep/13.suppl_4.117
https://dx.doi.org/10.1093/humrep/13.suppl_4.117
https://dx.doi.org/10.1093/humrep/14.8.1979
https://dx.doi.org/10.1093/humrep/14.8.1979
https://dx.doi.org/10.1007/pl00014084
https://dx.doi.org/10.1007/pl00014084

	Introduction
	Materials and Methods 
	Results
	Discussion  
	Conclusion



