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ABSTRACT

Objective: To determine correlation between serum levels of Follicle Stimulating Hormone (FSH) and Graafian Follicle
vascularity on Doppler ultrasound in infertile females of Lahore, Pakistan.

Study Design: Cross sectional study.

Place and Duration of Study: Prime Ultrasound Center, Mughalpura, Lahore, Pakistan, from Mar 2018 to Sep 2019.
Methodology: A total of 100 infertile females using simple random sampling were taken. All the married women of reproduc-
tive age and married for >12 months who did not conceive despite regular unprotected intercourse, having no other uterine
and endometrial or ovarian pathology were taken. The patients who failed to provide serum hormone laboratory reports were
excluded. Transvaginal ultrasonography was done for all females and Graafian Follicle Vascularity on Doppler was measured
on day 12 of the cycle.

Results: The median age of females was 28 (30-25) years ranging from 19 and 46 years. The median FSH levels at day 12
was 6 (8.25-5.22) mlU/ml with minimum and maximum FSH values as 3.20 and 40 mlU/ml. The median follicle size was
13.65 (16.04-10.84) (mm) with minimum and maximum size as 10 mm and 26 mm. There were 61% females who had grade-1
perifollicular vascularity, 24% females had grade-2 and 15% females had grade-3 of perifollicular vascularity. There was
significant positive correlation between perifollicular vascularity grades and (FSH) levels day on 12 (mm) i.e., r=0.309, p-value
<0.001.

Conclusion: 1t is concluded that perifollicular vascularity was found to correlate with serum FSH levels, so Graafian Follicle
Vascularity on doppler can be helpful in diagnosis of primary infertility in females in unstimulated cycles. Moreover, doppler
ultrasound is helpful for functional assessment of Graafian follicle as it can easily identify vascularity of Graafian follicle,
which is expression of hormonal level.
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INTRODUCTION

Clinically infertility is defined as not being succe-
ssful to become pregnant despite 12 months or more of
regular intercourse of a sexually active couple not on
contraception.! Infertility is divided into two types i.e.
primary and secondary. Primary infertility is when a
couple not on contraception, living together and hav-
ing regular sexual activity for over a period of one year
or more, without ever getting clinical pregnancy. Sec-
ondary infertility is when the couple have had at least
one clinical pregnancy but afterwards incapable to

hormones, e.g. Follicle-stimulating hormone (FSH),
Luteinizing hormone (LH), Estradiol, and Progeste-
rone. Normal human reproduction requires orderly
working of hypothalamic-pituitary-gonadal axis. Div-
ersion from normal, results in reproductive disorders
including different forms of infertility.> FSH and LH
cause the development and growth of several Primor-
dial Follicles (PF), which secrete estrogen. FSH makes
the follicle develop and grow in the ovary before the
release of egg at the time of ovulation in addition to
its effects on menstrual cycle and in turn chances of

conceive.? In developing countries like Pakistan and
India, with low literacy rate a simple lack of knowled-
ge and neglect about what causes infertility and how
it can be treated even in the 21t century becomes a
reason for the couples to suffer from social isolation.>*

Infertility is caused by the disturbance of various
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getting pregnant. FSH levels thus produced, correlate
with quality and quantity of egg and directly influence
the chances of conceiving and or sustaining preg-
nancy.® Women who do not ovulate cannot conceive
without Assisted Reproductive Technology (ART). The
FSH levels vary throughout the menstrual cycle with
a spike immediately before ovulation. FSH levels are
measure of ovarian reserve and are assessed to deter-
mine the ovarian function and quality of ovum.”
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Diagnostic ultrasound is initial imaging modality
for assessment of causes of female infertility. Transva-
ginal ultrasound (TVUS) being high resolution and
imaging the structure from very close is better than
transabdominal ultrasound (TAUS). Out of the chan-
ges in morphology and vascularity occurring under
hormonal influence (gonadotrophins), grayscale TVUS
however allows only morphologic assessments of
female reproductive structures and ovarian follicle but
gives no information about vascular change (functional
assessment). These changes in vascularity are reflection
of hormonal changes occurring during menstrual cycle
and can be studied with Doppler ultrasound. The
changes in follicular vascularity reflect functional and
physiological maturity of the ovum. So for functional
assessment (hormonal induced blood flow changes) of
pelvic organs and Mestrual Cycle (MC) we need
doppler ultrasound. Doppler ultrasound confirms that
ovarian blood flow volume and its velocity varies in
various phases of menstrual cycle. Therefore follicular
blood flow characteristics can anticipate the possible
cause of infertility.8?

The current study was designed to establish the
role of doppler ultrasound in detection of infertility
while using routine sonographic examination as a
simple tool. Currently there are many biomarkers and
methods but none of them has gained popularity for
detection of infertility as routine procedure. FSH is
widely used and there is limited material available on
the importance of its correlation with Graafian Follicu-
lar Vascularity as per researcher’s knowledge in recent
past. As vascularization status of ovarian follicle effects
the reproductive oocyte and quality of embryo by
regulating its oxygen supply. Once the correlation is
proven then in future this simple and commonly used
modality in obstetrics and gynecology can be used
confidently to diagnose ovulation related infertility in
females without any other pathological conditions.

METHODOLOGY

This cross-sectional was conducted at Prime
Ultrasound Center, Mughalpura Lahore, Pakistan,
from March 2018 to September 2019. Sample size was
calculated using WHO sample size calculator taking
confidence interval 95%, margin of error 5%, reported
prevalence of female infertility in Pakistan 7%.10 The
estimated sample size came out to be 100 females.
Non-probability consecutive sampling technique was
used.

Inclusion criteria all the married women of repro-
ductive age, married for >12-24 months who had not

conceived despite regular unprotected intercourse and
females with no other uterine, endometrial or ovarian
pathology were included in the study.

Exclusion criteria the patients who failed to provide
serum hormone laboratory reports and patients on
treatment of FSH and LH disorders were excluded.

After approval of synopsis from IRB, faculty of
allied health sciences, the university of Lahore data
form 100 females fulfilling inclusion criteria were ta-
ken. The data was taken after getting written informed
consent. FSH levels of the patient was collected by qua-
lified laboratory technician on day 12 of patient’s men-
strual cycle, labeled according to her assigned data
sheet entry (serial number), properly at the spot and
dispatched to the laboratory. Sonographic morphologi-
cal (grayscale) and functional (doppler) assessment of
the patient’s ovaries was done on day 12 of her mens-
trual cycle to record Graafian Follicle size, perifollicu-
lar vascularity grade with power doppler and doppler
indices with PW doppler.

Data were evaluated and analyzed with Statistical
Package for the Social Sciences (SPSS) version 24. Nor-
mality of quantitative data was tested using Shapiro-
Wilk’s test found that, Age (years), FSH levels day 12
(mlU/mL) and Follicle size day 12 (mm) were not
normally distributed. So, for non-normally distributed
data non-parametric tests were applied. Median FSH
levels and follicle size at day 12 were compared in Gra-
des of perifollicular vascularity using Kruskal-Wallis H
test. correlation was applied. The p-value <0.05 was
considered as significant.

RESULTS

A total of 100 females were taken in this study.
The median age of females was 28 (30-25) years, ran-
ging from 19 and 46 years. The median FSH levels at
day 12 was 6 (8.25-5.22) mlU/ml with minimum and
maximum FSH values as 3.20 and 40 mlU/ml. The
median follicle size was 13.65 (16.04-10.84) (mm) with
minimum and maximum size as 10 mm and 26 mm
shown in Table-I. There were 61% females who had
grade-1 perifollicular vascularity, 24% females had
grade-II and 15% females had grade-III of perifollicular
vascularity shown in Figure.

The median FSH levels at day 12 in females
having grade-I was 5.60 (6.90-5.00), in females having
grade-II was 7.50 (9.20-6.10) and among females hav-
ing grade-III was 10.50 (12.37-8.35), and the median
FSH in grade-I was 12.60 (15.60-10.55), in grade-II was
14.00 (15.88-10.85) There was statistically significantly
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Table-I: Descriptive statistics of age (years), FSH levels
day 12 (mlU/mL) and Follicle size day 12 (mm).

A FSH levels Follicle size
( egfs) at day 12 at day 12
y (mlU/mL) (mm)
Median 28 6 13.65
(IQR) (30-25) (8.25-5.22) (16.04-10.84)
Minimum 19 3.2 10
Maximum 46 40 26
75%
61%
60%
45%
30% 24%
15%
15% l
0% .
Grade 1 Grade 2 Grade 3

Figure: Distribution of perifollicular vascularity grade.

differenee between FSH group, follicle size day 12
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value 0.351. In non-obese females significant positive
correlation was found among perifollicular vascularity
grades and FSH levels day 12 (mm) i.e. r=0.486, p-
value <0.001. Among obese females there was insigni-
ficant positive correlation between follicle size day
12 (mm) and FSH levels day r=0.041, p-value=0.827. In
non-obese females there was significant positive corre-
lation between follicle size day 12 (mm) and FSH levels
day r=0.243, p-value = 0.044 as shown in Table-IV.

Table-III: Inter Group Comparison of FSH levels day 12
(mlU/mL) in all grades.

Perifollicular Vascularity (p-value)
Parameters Grade1 Vs | Grade1 Vs \? r(c;up 2
Grade 2 Grade 3 S 3r s
FSH levels day
12 (mlU/mL) <0.001 <0.001 0.016
Follicle size
day 12 (mm) 0.664 0.007 0.094

Table-IV: Correlation between serum FSH levels day 12
(mlU/mL), Perifollicular Vascularity Grade, Follicle size
day 12 (mm) with respect to Body Mass Index.

(mm) with grades (p<0.001) and (p=0.029) shown in il
Table-1I day 12 p-value
a : (mlU/mL)
Table-II: Comparison of FSH levels day 12 (mlU/mL) in Ob Spearman’s Correlation| 0.173
all grades. PerifolliC}llar ese p-value 0351
Perifollicular Vascularity Vascularity - > L
Parameters Median (IQR) p-value Grade Non- |Spearman’s Correlation| 0.486
Gradel | Grade?2 | Grade3 obese p-value <0.001
FSH levels 5.60 7.50 10.50 Ob Pearson Correlation 0.041
day 12 690- | (920- | (1237- | <0.001 o ese | 052
- .827
(mlU/mL) 5000 | 6100 | 835 Follicle size p-value
] ] 12.60 14.00 15.40 day 12 (mm) | Njop- Pearson Correlation 0.243
Folliclesize | 15 60_ | (15.88- | (1789- | 0.029 obese —value 0.044
day 12 (mm) P
1055) | 10.85) | 13.54)
DISCUSSION

On applying pair wise comparison significant
difference was found of median FSH levels at day 12
and grades 1 vs grade 2 (p<0.001), grades 1 vs grade 3
(p<0.001) and grades 2 vs grade 3 (p=0.016) and follicle
size in grade-I vs. grade-lII only significant (p=0.007)
shown in Table-III

There was significant positive correlation between
perifollicular vascularity grades and FSH levels day 12
(mm) i.e. r=0.309, p-value <0.001. There was positive
but insignificant correlation between follicle size day
12 (mm) and FSH levels day r=0.141, p-value=0.161.

Among obese cases there was positive insigni-

ficant correlation between perifollicular vascularity
grades and FSH levels day 12 (mm) i.e. r=0.173, p-

Infertility affects approximately 10-15% of couples
globally.!! It effects women of all ages, in current stu-
dy the mean age of females with primary infertility
was 27.90 * 4.05 years. In another study done on 215
women, the mean age was 30.384 + 3.15 years.!2 In our
study the mean age was lesser as they reported. In an-
other study the mean age of infertile females was even
higher i.e. Dovom et al, in their study reported that
mean age was 34.3 = 7.113. Besides socioeconomic con-
ditions, female infertility is result of diverse issues en-
compassing simple genital infections through anatomi-
cal issues to hormonal imbalance. The tested hormones
include FSH, LH, Prolactin and Testosterone, out of
these hormones FSH is the one which causes growth of
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the follicle and estrogen production. Disturbed FSH
levels result thus in poor follicular development and
hence anovulatory cycles.’* FSH causes growth of ova-
rian follicle to preovulatory stage, and estrogen forma-
tion. Serum levels of FSH gradually decrease in mid to
late follicular phase of menstrual cycle. So the growth
of follicles except for the one that has already become
dominant, stop and they undergo atresia. In a study, it
was demonstrated that hormonal levels (LH, FSH, PRL
and testosterone) were higher in women with primary
infertility than control group, thus revealing that dis-
turbed hormonal balance has important role in pri-
mary infertility. The study showed highly significant
differences (p<0.05) in the mean serum FSH levels in
infertile group 12.95 £ 17.53 mIU/ml (p-values <0.05)
vs 4.99 £ 2.6 mIU/ml in control group.’® In another
study Bheem et al, demonstrated higher FSH levels in
women with primary infertility and found statistically
significant difference (p=0.0022) of serum FSH levels in
infertile women vs fertile women i.e. 8.77 £+ 4.65 mIU/
ml vs 6.71 + 4.12 respectively.1® In yet another study in
Nigeria low serum levels of FSH, LH, and Progeste-
rone were found in 30% infertile women as a result of
secondary hypogonadism.”” In current study the FSH
level was low as compared to above study in females
with primary infertility i.e. 7.63 £ 4.74 mlU/ml (3.20
and 40 mlU/ml). In this study 70 (70%) patients came
up with serum FSH level of <8 mIU/ml, 29 (29%) 8-20
mlIU/ml while 1 (1%) had >20 mIU/ml. The reason
may be that we took mean FSH levels at day 12 of MC
while most of the studies have taken it at 3rd of MC.

It was found in a study that there were more cha-
nces of getting a mature oocyte following hCG, Gn
RHa, or kisspeptin administration on the day of trigger
from follicles measuring 12-19 mm.!8 In the process of
preparation for oocyte retrieval, administration of
trigger is done only when the follicle has grown to a
desired/appropriate size and is aimed at maturation of
the oocytes. Mature oocyte is expected to be retrieved
from follicles measuring 16-22 mm size on the day of
oocyte retrieval. On the contrary in case of “too small”
and “too large” follicles, it is well recognized that sui-
table response of administration of trigger and getting
a mature oocyte is less likely in the case of former
while in later case i.e. if the follicle gets too large the
contained ovum may be “post mature” and incompe-
tent to be fertilized.!® According to studies quoted for
stimulation of growth, an every growing follicle req-
uires a threshold level of FSH in circulation. The
continuing development of preovulatory follicle requi-
res this threshold level to be surpassed. Besides well

recognized early follicular phase rise in serum FSH co-
ncentrations with age, maximum FSH concentrations
also show great individual to individual variability as
documented recently. In current study the mean folli-
cle size was 14 * 3.61 (mm) (10 mm and 26 mm). These
included 36 (36%) measuring <12 mm, 54 (54%) measu-
ring 12-19% and 10 (10%) measuring >19 mm in dia-
meter. Although clinical value is still debated, an asso-
ciation in chances of conception and ovarian follicular
vascularity have been reported to exist since early
nineties.?

The hormonal changes in MC are translated into
vascular changes in uterus and ovaries and can be
detected by doppler ultrasound. These periodic horm-
onal changes in female genital organs can be detected
by doppler measurements. Perifollicular Blood Flow
(PFBF) corelates with oxygenation level of the follicle.
Oocytes from well perfused (well oxygenated) follicles
are related with better conception rates and pregnancy
outcome where as those from poorly oxygenated (hy-
poxic) follicles are associated high rates of defects in
chromosomal organization.?! In current study there
were 61 (61%) females who had grade-I perifollicular
vascularity, 24 (24%) females had grade-II and 15 (15%)
females had grade-lIl of perifollicular vascularity.
Power Doppler assessment of PFBF dictates indirectly
the competence level of the oocyte. TV PD increases
delectation and visualization of perifollicular vascula-
rity and Chui et al, graded PFBF into four grades;
grade-I to grade-1V, depending upon the percentage of
circumference of the follicle covered with blood flow
on 2D PD. Grade-I being most poorly perfused and
grade-IV as most highly perfused. They found higher
rates of fertilization with increasing grade of perfusion
/vascularity. In this study pregnancies occurred only
in patients whose embryos were obtained from highly
perfused follicles i.e. the ones having PFBF/perifollicu-
lar vascularity grade-III and IV with pregnancy rate of
12.5% and 61.5% respectively. However, the live preg-
nancies resulted only from PFBF/perifollicular vascu-
larity grade-IV category follicles. Higher percentage
of chromosomally abnormal embryos (triploids) was
found associated with grade-I and II being 25 to 30%
respectively in comparison to <6% from highly vascu-
larized follicles i.e. with grade-III and IV PFBF.22

In a study from recent past, seventy-five mature
ovarian follicles measuring >16 mm in diameter from
all 75 consecutive and unselected patients undergoing
stimulated (with clomid) intrauterine insemination
(IUI) cycles were assessed for perifollicular vascularity
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24 hours after Human Chorionic Gonadotropin (hCG)
hormone administration with TV PD using subjective
grading system. They came up with 10 (13.33%), 24
(32%), 41 (54.67%) and none (0%) with grade-I, II, III
and IV follicular vascularity. The vascularity was gra-
ded on the day of IU]J, in follicles of 216 mm diameter
independent of follicular size. High grade vascularity
(grade-1II) was associated with higher pregnancy rate
than low grade vascularity (grade-II) i.e. 19.5% and
12.5% respectively. Patients with grade-I vascularity
did not get pregnant. The result was significant (p
<0.05). Early pregnancy loss was also significantly
(p<0.05) anticipated in grade-II and III follicles, which
was more in grade-II (33.3%) than in grade-III (12.5%).
Though the difference was not significant, it was found
in the study that the mean baseline serum FSH levels
were higher (7.5 £ 0.96, 8.25 + 0.20) in low grade vascu-
larity cycle as compared to high grade vascularity
cycle (6.42 + 0.59).% In current study correlations were
also found additionally, i.e. a significant positive corre-
lation between perifollicular vascularity grades and
FSH levels day 12 (mm) i.e. r=0.309, p-value <0.001. A
negative sign correlation was found between Resistive
Index (RI) and FSH levels day 12 i.e. r=-0.268, p-value=
0.007.

In the light of current study’s findings the rela-
tionship between FSH grades of Graafian follicle vas-
cularity grades and doppler indices versus Graafian
Follicle Vascularity grades are established. Additional-
ly in current study, it was found that mean FSH levels
at day 12 and mean follicle size increased as grades of
Graafian Follicle Vascularity increased. Hence showing
that graafian follicle vascularity may be used as
method to evaluate primary infertility. As per author’s
knowledge such comparisons are not found in litera-
ture as correlation between serum levels of FSH and
Graafian Follicle Vascularity on doppler in infertile
females. Hence in future large studies at national and
international level may be done to establish or to rule
out the correlation between serum levels of FSH and
Graafian Follicle Vascularity on doppler in infertile fe-
males. It may be of helpful in future for early diagnosis
and then early treatment may offer the female to be
pregnant and to improve their quality of life.

CONCLUSION

Graafian follicle vascularity on doppler can be helpful
in diagnosis of primary infertility in females of unstimulated
cycles. Since perifollicular vascularity has significant correla-
tion with biochemical hormone levels and is independent of
morphometry, doppler ultrasound can play a potential role

not only in diagnosis of infertility but also reduce the costly
hormone tests.
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