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Abstract
Color Doppler of perifollicular vascularity is a useful assessment tool to predict the
growth potential and maturity of Graaﬁan follicles. Power Angio is independent of
the angle of insonation and morphometry and provides reliable clues to predict
the implantation window of the endometrium. Color Doppler can be used for the
prediction of ovarian hyperstimulation syndrome. It can also be used to identify the
hyper responder and gonadotropin-resistant type of polycystic ovaries. The secretory
scan of corpus luteum can accurately predict its vascularity and functional status. A
corpus luteum with decreased blood ﬂow is a very sensitive and speciﬁc indicator
of threatened and missed abortions. Color Doppler and Power Angio need to be
standardized and identical settings should be maintained if different patients, or if
changes over time within the same patient are to be compared.
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1. Introduction

study states that a PSV of 42 cm/sec is achieved

Angiogenesis occurs as a routine process in
the female pelvic viscera resulting in a systematic

1 hr. before ovulation in spontaneous cycles.
Some studies give Human Chorionic Gonadotropin
(HCG) trigger in intrauterine insemination cycles

dynamic vascular proliferation followed by regression in each menstrual cycle. Blood ﬂow of a
maturing follicle, vascular supply of endometrium,
and corpus luteum vascularization can be quantiﬁed.
Ovarian stimulation by gonadotropins induces a
rise in stromal blood ﬂow velocity as evidenced
by two-dimensional color Doppler studies. The
rise in stromal blood ﬂow velocity is associated
with a concurrent increase in serum vascular
endothelial growth factor (VEGF) concentration
(1, 2). The VEGF or HIF (Hypoxia Induced Fac-

when PSV > 15cm/sec (5). The primordial and
preantral follicles have no independent vascularity
and are supplied by stromal blood vessels. As
primary follicle grows the theca cells develop a
vascular network. For ovulation to occur, a 24
hrs prior increase in vascularity is required. A
hypoechogenic line surrounding the preovulatory
follicle is seen on grey scale. This occurs due the
separation of theca cells from internal granulosa
cells. The theca cells just before ovulation are
hyper vascularized and edematous, as imaged by
Color Doppler.

tor) is an endothelial cell mitogen with potent
angiogenic properties leading to splitting, budding and branching and expansion of vessel

Spiral artery proliferates and grows into the
endometrium in the late proliferative phase, this
growth and periovulatory phase can be quantiﬁed.

walls, in regions of endothelial tips that show
maximum sensitivity. Serum VEGF levels have a

The number of spiral arteries is ﬁxed and is about
120 in a woman. The growth of spiral arteries is
accompanied by increased ﬂow in the main uterine

positive correlation with perifollicular blood ﬂow.
This can be easily measured by two-dimensional
Color and Pulsed Doppler ultrasonography (3). The

arteries.

cumulus oophorus responds to indigenous and
exogenous gonadotropin stimulation by increasing the VEGF production. This also explains

2. Addition of color doppler to
gray scale

the fact that increase in VEGF is not detected
in the ovaries with low Antral Follicle Count
(AFC) after exogenous gonadotropin stimulation

The volume of the ovary in a 2D (twodimensional) ultrasound is calculated as PI/6 x

(4).
Vascular perfusion of the maturing follicle has
been graded based on the percentage of follicular

length x breadth x width. When the Color Doppler
was used to evaluate the ovarian stromal blood
ﬂow, it was found that the normal responders

circumference seen to be vascularized. A mature
follicle shows a vascularity of > 3/4 of its circumference. At this time, the peak systolic velocity (PSV)

have higher peak systolic values of ovarian stromal blood ﬂow than the hypo-responders (6).
Women with Resistivity Index (RI) > 0.56 in ovar-

in ovarian stromal arteries is 10 cm/s. At this time,
the LH (Luteinizing Hormone) surge starts in the
normal cycle, and under the effect of LH, the PSV

ian stromal vessels were also found to have
longer stimulation periods and lower oocyte yield.

increases; this is the time to give trigger in ART
(Assisted reproduction Technology) cycle. Another
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Table I summarizes how the gonadotropin dose
is adjusted in relation to vascular ﬂow (Table
I).

https://doi.org/10.18502/ijrm.v17i10.5484

Color doppler in assisted reproduction

International Journal of Reproductive BioMedicine

Table I. The doses of required gonadotropins, gray scale, and color doppler parameters
High doses

Low doses

Ovarian volume < 3 cc

Ovarian volume > 6 cc

< 3 antral follicles

> 8 antral follicles

Ovarian RI > 0.60

Ovarian RI < 0.50

Ovarian PSV < 5 cm/s

Ovarian PSV > 10 cm/s

Stromal ﬂow index < 11

Stromal ﬂow index > 15

Uterine artery RI > 0.79 in basal scan

Uterine artery RI < 0.65 in basal scan

RI: Resistance index; PSV= Peak systolic velocity

2.1. Ovarian vascularity
Prior to menarche and following menopause, the
ovarian stromal blood ﬂow is hardly visualized. The
ovaries are very poorly vascularized at that time.
The resistance in vessel walls is high as depicted
by the high ﬂow indices (RI and PI). In the functional
reproductive age, the ovarian stromal vascularity
varies cyclically. This also depends on which ovary
the dominant follicle is growing. In the ovary with
the dominant follicle the resistance to blood ﬂows
is lower in as compared to the ovary without a
dominant follicle.

ovarian volume is small (< 3 cc), there are lesser
than three antral follicles, ovarian stromal RI is high
(> 0.56) on 2D Doppler and stromal ﬂow index
(FI) is less (< 11) in 3D (three-dimensional) Doppler,
higher doses of gonadotropins are required. Lower
doses of gonadotropins are sufﬁcient if the ovarian
volume is more than 6 cc, there are more than eight
antral follicles, ovarian RI < 0.50 in 2D Doppler, and
ovarian stromal blood ﬂow is > 15 in 3D Doppler (69).

2.3. Time of trigger

A growing follicle or the corpus luteum needs
more vascularization, and so PSV is high and RI
and PI are low. Ovarian arteries are difﬁcult to

In gray scale, oocytes aspirated from follicle
> 18 mm in size are usually MII (Metaphase II)
oocytes and have much better fertilization and

ﬁnd, to perform objective measurements; therefore
intraovarian stromal blood ﬂow is estimated. This
changes with age and the phase of the menstrual

pregnancy rates. Follicles < 16 mm have 50%
chances of yielding an M2 oocyte. Color Doppler
can be added to assess the maturity of follicles by

cycle. Prior to puberty and following menopause,
there should be no blood ﬂow in the ovaries on
Color Doppler. Any positive vascularization before

measuring the Perifollicular velocity. Table II shows
the optimum vascularity at the time of trigger. The
theca cells in the Graaﬁan follicle develop a vascu-

menarche or after menopause in the ovaries raises
doubts about possible pathology of the vascularized ovary (infections, benign and malignant

lar network of its own when they reach the antral
stage. Adequate blood supply to the developing

tumors, endocrine dysfunction).

2.2. Dose of gonadotropins

follicles is essential in producing chromosomally
intact oocytes or the reverse may be true. The
chromosomally competent oocyte secrete factors

Color Doppler can be used for deciding the

like bone morphogenetic protein 15 and growth
differentiation factor 9 that help in granulosa cell
function and differentiation. This happens because

dose of the follicle-stimulating hormone (FSH) If the

of trans zonal oocyte processes and granulosa cell
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projections that communicate through paracrine

injection trigger has a positive correlation with no of

gap junctions. The granulosa cells have cytoplasmic projections that project towards the oocyte,

oocytes retrieved, embryos developed and clinical
pregnancy achieved (11, 12, 13).

thus enabling cumulus cell differentiation through
a contact-mediated paracrine interaction with the
oocyte (10).

Perifollicular vascularity should be > 75% of the
circumference of the follicle at the time of trigger in

Exogenous gonadotropins improve ovarian vascularization and this rise in blood ﬂow is induced

a controlled ovarian hyper stimulation cycle (Figure
1). The PSV of the Perifollicular vessels should be >
10 cm/s at the time of trigger and RI should be 0.40-

by and directly correlates to the number of follicles
with cumulus oophoricus. Numerous 2D and 3D

0.48. Cumulus oophorous should be visualized in
any three planes. Follicular volume should be 3-7.5

Color Doppler studies have shown that PSV of
individual follicles on the day of HCG/GnRH agonist

cc. Follicular vascularization index (VI) should be 620 and FI should preferably be > 35 (14).

Table II. Color doppler parameters and time of trigger in ART cycles
Gray scale
Follicle > 16 mm in size (usually Metaphase II oocytes) has much
better fertilization and pregnancy rates

Doppler
Perifollicular vascularity should be more than 75% of the
circumference of the follicle

Follicles < 15 mm have only 50% chance of yielding a
Metaphase II oocyte

Perifollicular PSV > 12 cm/sec

PSV: Peak systolic velocity

Figure 1. Perifollicular vascularity in 2D ultrasound with Color Doppler.

2.4. Endometrial vascularity

single plane can be visualized (Figure 2). Endome-

Assessing the endometrial volume and quantita-

trial volume > 3 ccs, FI > 20, and VFI > 5. The
endometrial volume most favorable for implanta-

tive global vascularity can be an indirect marker of
endometrial receptivity (15). 2D Doppler gives only
endometrial thickness and only a few vessels in a

tion is estimated at 3-7 ml (mean 4.28 ± 1.9) (16). No
pregnancy is achieved with an endometrial volume
< 3 cc and sub-endometrial VI < 10 (8). Good
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pregnancy rates are achieved with endometrial

10 and 35 (17). It is believed that VFI is preferred over

volume of > 7 ccs and sub-endometrial VI between

volume, FI, and VI taken separately (18, 19).

Figure 2. Endometrial vascularity in 2D ultrasound with Color Doppler.

2.5. Corpus luteum vascularity
Following ovulation the vascular network of the
theca layer enter the cavity of the ruptured follicle,
the amount of blood ﬂow increases manifold, this
is depicted in Doppler waveforms with increased
velocity and low impedance to blood ﬂow. The RI
decreases (0.43 ± 0.04), and remains stationary
for 3-4 days, and then slowly starts rising to a
level of 0.49 ± 0.04. This still remains lower
than in the follicular phase. If HCG is available
from the developing syncytiotrophoblast the corpus luteum attains blood ﬂow with low Doppler
indices (RI= 0.45 ± 0.04), and continues to have

higher. Various studies have shown a positive
correlation between Doppler indices of the
corpus luteum vascularity and serum values
of HCG, estradiol, and progesterone (2224).
Following 23rd day of the physiological or
stimulated cycle, if there is no syncytiotrophoblast,
corpus luteum begins to degenerate. The
color ﬂow waveform is now difﬁcult to focus,
and the Doppler indices rise and devoid of
progesterone support the endometrium sheds
(25).

this vascularity till ﬁrst trimester after which the
placenta takes over the progesterone synthesis
(20, 21).

2.6. Color doppler in male infertility

Compared to normal gestation, threatened
abortion (p < 0.01), missed abortion (p <
0.01), and incomplete abortion (p < 0.01), the

Doppler imaging aid in the management of male
infertility. Vascular channels and reﬂux ﬂow in

resistance and pulsatility indices are statistically

https://doi.org/10.18502/ijrm.v17i10.5484

Intrascrotal abnormalities detected by Color

varicocele can be graded. Furthermore, testicular microlithiasis and testicular tumors can be
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identiﬁed. Color Doppler in male infertility is

tells the mean intensity of blood ﬂow (range 0-

also indicated to detect the vascularity of epididymal and testicular cysts. Intrascrotal heman-

100). The VFI is a composite; mean color voxels
getting ﬁlled with time are expressed as a ratio
to all the voxels in the speciﬁed volume (range

gioma is accurately diagnosed using the modern, high-throughput Doppler imaging technique.
A recent use is an ultrasound-guided testicular
sperm aspiration that improves the yield and
makes the procedure guided and minimally invasive (26).

2.7. 3D color doppler and in-vitro
fertilization
In 2D Color Doppler studies, the information
concerning the vascularization and blood ﬂow
in the organ is being obtained from a vascular
network lying in a 3D plane. The measurement
is essentially ﬂawed because we are visualizing a 3 D object with a 2D imaging modality.
Further more to estimate blood ﬂow velocity;

0-100). Doppler information and the difference
in scan images may be quantiﬁable through the
“histogram” facility, thereby demonstrating how
vascularity is independent of morphometry and
varies throughout the different phases of menstrual cycle, for example, luteal/follicular phases
(28).
With the Gonadotropin stimulation and growth of
several follicles the total ovarian volume enlarges
mean gray value decreases because the grayscale voxel value for the follicular antral ﬂuid
is less. After gonadotropin induction ovarian VI,
FI, and VFI increase in patients with good AFC.
The intensity of ovarian stromal blood ﬂow is
essential for gonadotropins to act on target receptors. This is because perfusion is independent

the angle of insonation to the blood vessels
should be less than 30 degrees. The ovarian

of the total volume of ovary but it depends on
the phase of menstrual cycle and hormone levels).

vascularity is spherical network of thin vessels
to be imaged by 3D Doppler (27). An additional
problem with a stimulated ovary is to differen-

Gonadotropin stimulation is not able to improve
vascularity indices in ovaries where there are

tiate between stromal and Perifollicular follicular
vascularization which often overlap in a 2 D
image.
The 3 D Power Doppler is angle-independent

no antral follicles. VI, FI, and VFI correlate with
the number of antral follicles after gonadotropin
stimulation. This suggests that primarily the follicles
containing oocytes control the increase in vascularization and blood ﬂow.

and can decipher the total spherical vascularization
of the ovary and endometrium. The indices measured include, the mean gray scale, the VI, the FI,

2.8. Color
ovaries

and the VFI. The mean gray value in the gray voxels
is a measure of the mean echogenicity (range 0100). The VI is the ratio of number of color voxels

In the polycystic ovaries the stroma is hyper
echoic and hyper vascular and this hyper vas-

to total number voxels in the speciﬁed volume.
The VI represents the ratio of volume of vessels
in the tissue to the total volume of tissue, and
is expressed as a percentage. The FI, the mean
value of the color voxels getting ﬁlled with time,
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polycystic

cularity is noncyclical. In patients with polycystic
ovaries there are also no cyclical changes in uterine
arteries (29, 30). Two patterns of polycystic ovaries
are identiﬁed, the hypervascular stroma that is the
hyper responder type of polycystic ovaries and
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the hypovascular stroma that is the gonadotropinresistant polycystic ovary (31-33).

2.9. Ovarian
prediction

hyper

stimulation

The pathogenesis of OHSS is increased VEGF
induced “neoangiogenesis” (34). Color Doppler
imaged ovarian vascular mapping can help to
identify a new functional approach to ovarian
hyperstimulation syndrome (OHSS). Local vascular
factors for ovarian angiogenesis and increased
capillary permeability triggered by HCG injection
play an important role in this syndrome. Two
patterns of 3D vascular images were detected on
days 8-10 of stimulation; each pattern corresponding to a certain level of serum E2. ”Reassuring
pattern” is characterized by regular marginally
dilated, regularly branching vessels that have few
coils, and RI (0.55-0.61). Serum E2 associated is
3,000-5,000 pg/ml. OHSS is not observed with
this pattern. ”Aggressive pattern” has features of
markedly dilated, irregularly branching vessels with
several angles and coils and RI (0.48-0.52). Levels
of Serum E2 are more than 5,000-7,000 pg/ml.
OHSS is more likely in aggressive pattern (35, 36).

2.10. Standardization of color doppler
The capturing of indices in 3 D power Doppler
is dependent on speed of acquisition, color gain,
pulse repetition frequency (PRF), line density, wall
motion ﬁlter, signal rise and persistence (slow and
steady signals). Maintaining identical settings is
helpful to compare cyclical changes in the same
patient or different patients (37).

Color doppler in assisted reproduction

depending on angiogenic, hormonal and growth
factors. Independent perifollicular vascular network is achieved when follicle reaches a diameter
of >10 mm. The role of oocyte release factors in
growth and differentiation of granulosa cells needs
to be studied.
In the follicular phase, the RI is around 0.54 ±
0.04. 48 hr. Before ovulation, the RI begins to fall
and at ovulation the RI is 0.44 ± 0.04. Sometimes
only PSV rises on the onset of ovulation without a
concurrent fall in RI.
The increase in vascularity of theca and granulosa layer and separation of theca cells and
granulosa cells results in ovulation. In the luteinized
unruptured follicle (LUF), it was seen that there is no
rise in perivulatory ﬂow velocities.
The perifollicular vascularity of the Graaﬁan follicle is helpful for clinicians to crosscheck biochemical hormone estimations. Perifollicular vascularity
correlates well with the quality of cumulus oophoricus complex. Organization of the chromosomes is
abnormal in oocytes harvested from inadequately
vascularized follicles. Whether this is the cause or
effect, needs to be investigated.
In the natural physiological nonstimulated
cycles, the perifollicular blood ﬂow is always
higher as compared to stimulated cycles where
multiple follicles are growing simultaneously and
competing for vascularity. Color Doppler is a
useful noninvasive, reproducible, and reliable
biophysical marker for monitoring of IVF cycles.
Since vascularity correlates well with biochemical
hormone estimations and is independent of
morphometry, there is a potential role to reduce
the costly biochemical hormone tests.

Conﬂicts of Interest
3. Conclusion
Stimulation cycles differ from natural cycles
and the precise values of vascular indices vary
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