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Abstract Polycystic ovary syndrome (PCOS) is a complex disease with heterogeneous clinical
and anatomical features that were first described in 1721 by Antonio Vallisneri. There is still
a lack of consensus regarding the criteria to be used for diagnosis of PCOS. Transvaginal ultra-
sonography with Doppler studies of the ovarian and pelvic vasculature plays an important role
in its diagnosis, but findings must be interpreted in light of the patient’s symptoms and labo-
ratory findings.

Sommario La complessità e l’eterogeneità anatomica e clinica dell’espressione della sin-
drome dell’ovaio policistico (PCOS) costituisce a tutt’oggi una problematica nella quale la va-
lutazione ecografica rappresenta una componente importante nella diagnosi, che si deve
integrare con i sintomi clinici e le alterazioni biochimiche proprie della sindrome descritta
per la prima volta da Antonio Vallisneri nel 1721. I criteri per la diagnosi sono eterogenei come
la stessa patologia.
ª 2007 Elsevier Masson Srl. All rights reserved.
Introduction

Polycystic ovary syndrome (PCOS) is the most common
endocrine disorder in reproductive-age women. Nonethe-
less, it is one of the most highly debated and controversial
issues in reproductive medicine and gynecological endocri-
nology. There is no internationally accepted definition of
PCOS, and criteria for its diagnosis have yet to be
standardized. These difficulties are a reflection of certain
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intrinsic characteristics of the syndrome. The symptoms, in
fact, are heterogeneous and highly variable. Furthermore,
laboratory and imaging findings often fall within normal
limits, making it difficult to arrive at widely accepted cut-
offs for use in clinical settings [1,2].

In its classic form, PCOS is characterized by chronic
anovulation (80%), irregular menses (80%), and hyperandro-
genism that may be associated with hirsutism (60%), acne
(30%), seborrhea and obesity (40%). The clinical and patho-
logical features of the ‘‘polycystic’’ or ‘‘micropolycystic’’
ovary were first described in 1721 by Antonio Vallisneri. The
syndrome itself, however, was defined much later by Stein
and Leventhal, based on their observation in 1935 [3] of
a constellation of symptoms consisting in amenorrhea, hir-
sutism, and obesity in women whose ovaries were enlarged
with multiple follicular cysts and fibrotic thickening of the
reserved.
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tunica albuginea and cortical stroma. The criteria estab-
lished by these two authors for the diagnosis of PCOS were
quite rigid, and they excluded numerous clinical pictures
that resembled one another. It is important to note that
the ovarian dysfunction leading to hyperandrogenism is not
the main cause of the ovarian features described above:
they are the result of conditions related to the hyperandro-
genism, such as obesity, diabetes, hyperprolactinemia, and
adrenal or thyroid disease.

To further complicate matters, polycystic ovaries have
also been described in a high percentage of women who are
absolutely normal with no alterations of the ovarian and/or
endocrine phenotype [4].

This finding confirms the relative importance of ovarian
morphology in diagnosis of PCOS. The presence of endo-
crine dysfunction or true endocrine disease should be
suspected only when there are clinical disturbances and
specific endocrine changes. In short, it is easy to see why
there is a lack of consensus regarding the criteria to be used
for reliable diagnosis of PCOS.

Pathophysiology of PCOS

Despite the enormous quantity of clinical, laboratory, and
experimental data published on PCOS, its pathogenesis is
still a subject of speculation, and the syndrome has often
been referred to as a pathogenetic enigma. In 1993,
Crowley et al. [5] attempted to draw up a clear, accurate
summary of the four pathogenetic hypotheses that are con-
sidered the most credible.

(1) The so-called ‘‘topedown school’’ attributes the syn-
drome to primary central dysregulation of the produc-
tion of luteinizing hormone (LH) that translates into
inadequate follicular maturation. Increases in serum
LH levels lead to hyperplasia of the ovarian thecal cells,
which promotes hypersecretion of ovarian androgens.

(2) According to the ‘‘bottomeup school,’’ the problem
begins in the periphery, with the conversion of adrenal
androgens (D4 androstenedione, D4 A) into estrone (E1)
at the level of peripheral adipose tissues. E1 is capable
of sensitizing the pituitary gland and causing it to
hypersecrete LH, which stimulates the theca and
increases ovarian androgen production.

(3) The ‘‘androgen theory’’ holds that ovarian or adrenal
hyperandrogenism is the prime mover in PCOS. It is
interesting to note that a single gene encodes cyto-
chrome P450c17a, the enzyme that mediates both
17a-hydroxylase and 17-20-desmolase activities at the
ovarian and adrenal levels.

(4) The ‘‘insulin school’’ focuses on the association between
high androgen levels and hyperinsulinemia, which was
recognized in PCOS patients over a decade ago. It is often
accompanied by insulin resistance, especially in women
who are obese [6]. As a result of these findings, attention
has shifted toward the metabolic component as a major
factor in the pathophysiology of PCOS. Hyperinsulinemia
with insulin resistance is considered one of the most im-
portant factors that predispose women to PCOS because
it promotes hyperandrogenism and chronic anovularity
by multiplemechanisms. In fact, it increases LH incretion
[7] and decreases serum levels of the sex hormone-bind-
ing globulins (SHBGs), which in turn increases the frac-
tion of unbound circulating androgens that can act on
target organs [8]. It also decreases androgen clearance,
diminishes aromatase activity, and enhances steroido-
genesis [9e14] in the adrenal glands and ovarian theca.

Puberty, in those cases with the characteristics of
‘‘hyperpuberty,’’ is also a risk factor for the development
of PCOS. We know that the physiological course of puberty
typically includes certain fundamental events, including
increases in the number and amplitude of LH pulses and in
mean serum levels of insulin, and activation of adrenal
androgen production in the reticular zone leading to
increased blood levels of dehydroepiandrosterone sulfate
(DHEA-S), D4 A, and testosterone (T) [15].

All of this reflects peripubertal evidence of PCOS-type
endocrine/metabolic characteristics in adolescents with
hyperandrogenism [16]. The results of other studies indi-
cate that the pathogenesis of the disease has a genetic
base. Battaglia et al.’s analysis of the prepubertal daugh-
ters of women with PCOS revealed sonographic evidence
of ovarian polycystosis, but the hormone profiles were not
significantly different from those of controls [17]. Ovaries
that appear polycystic in the daughter of a PCOS patient
can thus be considered evidence of a genetic predisposition
to development of the syndrome. The presence of environ-
mental factors, ‘‘additional metabolic disturbances’’ like
hyperinsulinemia, insulin resistance, hypertriglyceridemia,
and low blood levels of high-density lipoprotein (HDL) cho-
lesterol [18], may lead to full clinical and hormonal expres-
sion of the syndrome.

Diagnosis

The criteria used to diagnose PCOS are as variegated as the
disease itself. The definition of PCOS used in North America
emerged from an NIH (National Institutes of Health) confer-
ence held in 1990. It stresses the importance of biochemical
and clinical signs of hyperandrogenism and ovarian dysfunc-
tion. Ovarian morphology is not an essential component of
the diagnosis [18,4]. In contrast, the approach used in Europe
assigns central importance to the appearance of the ovaries
on ultrasound [19].

Both definitions have their limitations: the one used in
the United States is restrictive and fails to consider the fact
that US findings of polycystic ovaries in the absence of
other manifestations of PCOS might still reflect an early or
latent stage of the syndrome. As a result, it is likely to
underestimate the incidence of the syndrome and to be less
effective in preventing its metabolic sequelae.

On the other hand, if diagnosis of PCOS is based on the
isolated sonographic finding of an ovary with polycystic
morphology in asymptomatic patients (5e23%) [20] or teen-
agers with no evidence of hyperandrogenism [21], the inci-
dence of the syndrome is likely to be overestimated. In
fact, these findings may represent physiological variants
of normal ovarian morphology instead of cryptic or unex-
pressed forms of PCOS [21e25].

This explains the wide variability of the prevalence
figures reported for PCOS. When the American criteria are
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used, the prevalence falls between 4% and 9% [26,27]. If in-
stead the European criteria are used (in which sonographic
findings are the sine qua non), the prevalence rises to
15e20% [21].

As an expert like Homburg [19] has noted, ‘‘It has be-
come painfully apparent that it is not only the Atlantic
Ocean that divides North America from Europe, but also
the definition and diagnosis of polycystic ovarian syndrome
(PCOS)’’.

After the Rotterdam PCOS Workshop that was held in May
2003, a consensus statement was drawn up that establishes
criteria that can be universally adopted to ensure simple,
practical, standardized diagnosis of this complex syndrome
[28].

The diagnosis is reached after exclusion of other dis-
eases with similar clinical features. PCOS is considered to
be present when at least two of the following are present:

- oligo-/amenorrhea and/or anovulation;
- clinical and/or biochemical signs of hyperandrogenism,

in particular an LH/FSH ratio of >2.5, increased levels
of testosterone, or an elevated free androgen index
(FAI);

- sonographic evidence of polycystic ovaries.

This proposal would therefore result in the correct
diagnosis of patients with symptoms and biochemical alter-
ations but no evidence of ovarian polycystosis on ultrasound,
as well as those with symptoms and polycystic ovarian
morphology but no biochemical alterations. The result would
be an increase in the prevalence of PCOS compared with that
based on either the European or American criteria.

The roles and limitations of ultrasonography
in the diagnosis of PCOS

Pelvic US can make an enormous contribution to the
diagnosis of PCOS, but it must always be supplemented
with a careful history and laboratory work-up.

In 1985, Adams et al. [29] defined the sonographic fea-
tures of a polycystic ovary: multiple (�10), small (mean
diameter: 2e8 mm) follicles within the ovarian cortex,
increased stromal density in the central cortex, increased
ovarian volume (�8 mL).

Abnormal ultrasound findings are generally present in
both ovaries [30], although some cases of unilateral, partial
PCOS involving only one of the ovaries have been reported.
According to some authors [31], these cases show that the
peripheral expression of LH receptors and environmental
factors (surgery, infections, vascularization characteristics)
can limit PCOS involvement (including both morphological
and functional alterations) to a single ovary or even to
a specific portion of an ovary.

Recent reports suggest that the vaginal approach is
preferable to a transabdominal (TA), when possible [32,33].
The results of the TA examination can vary considerably in
terms of follicle number, ovarian volume, and stromal den-
sity. The transvaginal US examination shows more precise
correlation with laparoscopic and histologic findings [32],
and this allows the definition of more precise criteria for
the identification of polycystic ovaries on US. Moreover, use
of a high-frequency transducer eliminates the need for blad-
der filling, which patients often find uncomfortable, as well
as the risk of interpretation errors caused by abdominal adi-
pose tissue (particularly common in women who are over-
weight or obese).

Constant US findings in PCOS patients include increases
in the number of follicles, the density of the stroma, and
the volume of the ovary itself.

The number of follicles that reportedly characterizes
the polycystic ovary varies widely, from >5 to >15. A
minimum of six follicles is currently recommended [34].

Another important variable in the diagnosis of PCOS is
ovarian volume, which is calculated according to the
following formula: 0.5233 (p6)� A� B� C, where A, B,
and C represent the longitudinal, anteroposterior, and
transverse diameters of the ovary, respectively (Fig. 1).
Volume increases alone, however, are not sufficient for a
reliable diagnosis of PCOS [21].

The same applies to stromal echogenicity. Investigation
of this aspect of the ovary was originally regarded as an
important part of sonographic studies for suspected PCOS.
Its assessment is highly subjective and prone to wide
operator-dependent variability. This makes it difficult to
define a reliable cut-off that distinguishes between normal
and polycystic ovaries, and consequently, the diagnostic
specificity of this parameter is not high [35] (Fig. 2).

The criteria established by Adams et al. for follicle
number, ovarian size, and in part also for stromal echoge-
nicity are not universally accepted, and the question of US
diagnosis of PCOS is therefore still open. Evaluation of
these US parameters alone (in the absence of clinical and
laboratory data) is often the cause of erroneous diagnosis of
PCOS in women with multifollicular ovaries (MFO), which is
associated with a clinical picture completely different from
that of PCOS [36].

The multifollicular pattern is in fact a physiological
expression of functional ovarian immaturity. It is often
observed during normal puberty, during body-weight re-
gain, or in association with nutrition-related amenorrhea
(typical in adolescents suffering from high stress, who are
often bulimic). However, it is not associated with hyper-
androgenism, and the sonographic picture often normalizes

Fig. 1 Measurement of the three diameters of the ovary to
estimate its volume. The stroma surrounding the microfollicles
shows clear signs of hypertrophy.
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with gonadotropin-releasing hormone (GnRH) substitution
therapy alone.

The differential diagnosis of PCOS includes MFO (Fig. 3),
which is associated with the presence of normal or mildly
enlarged ovaries containing multiple follicles. The follicles
are distributed throughout the entire ovarian section and
are often somewhat larger than those of PCOS (4e10 mm).
Unlike PCOS, MFO is not associated with accentuation of
the stromal component [29].

In recent years, a number of attempts have been made
to improve the specificity of US in the diagnosis of PCOS
with the evaluation of additional parameters, with partic-
ular emphasis on stromal hypertrophy (Fig. 4).

With advanced sonographic software, pixel intensity can
be measured at the level of the stroma to provide an
objective description of stromal echogenicity. This ap-
proach has shown that stromal hypertrophy is a frequent
and specific feature of PCOS that is correlated with
androgen levels [37]. Unfortunately, these techniques are
too complex and difficult to apply in clinical practice [35].

An alternative solution proposed by Fulghesu et al. [38]
involves calculation of the ratio of the stromal area of the

Fig. 2 Echogenicity of the ovarian stroma is subjectively
rated with a three-point score, where 3 indicates maximum
intensity.

Fig. 3 Multifollicular ovary (MFO): numerous follicles Ø
6e10 mm are distributed throughout the ovarian section.
ovary (i.e., the area that appears hyperechoic) to the total
area of the ovary (S/A ratio). The areas are measured on
longitudinal scans of the ovary performed with the transva-
ginal probe (Fig. 5a and b). The S/A ratio is easy to evaluate
with standard sonographic equipment and has a low coeffi-
cient of inter-examiner variation (less than 5%). An S/A ra-
tio cut-off of 0.34 has been shown to diagnose PCOS with
100% sensitivity and specificity, and it effectively reduces
the risk of false PCOS diagnosis in patients with MFO. Unlike
classic US parameters, the S/A ratio displays strong correla-
tion with androgen levels and with body mass indices.

The addition of color Doppler greatly improves the
diagnostic efficacy of the transvaginal US examination.
It provides additional morphologic and pathophysiologic
data related to the flow dynamics in ovarian and pelvic
vessels [39].

Initially, attention was focused on large vessels such as
the uterine and ovarian arteries [40].

Doppler studies [41] of women with PCOS revealed an
overall increase in the pulsatility index (PI) of the uterine
arteries. The diminished uterine perfusion reflected by
this finding is caused by the effects of high androgen levels
on the uterine arteries (Fig. 6), and it may explain the in-
creased incidence of abortion among women with PCOS.

More recently, the small vessels of the ovarian stroma
have also been investigated [42]. These studies have re-
vealed important changes involving the intraovarian ar-
teries, which show close correlation with the LH/FSH ratio.

High levels of LH are thought to be responsible for the
increased stromal vascularization and the diminished re-
sistance of intraovarian vessels it causes: higher LH leading
to stromal hyperplasia are associated with lower resistivity
indices (RI) in the intraovarian arteries (Fig. 7).

These findings shed light on the patterns observed during
US examinations of polycystic ovaries [43]. The peripheral
cystic pattern (PCP), in which the follicles are located pre-
dominantly in the periphery of the ovary (80% of all cases),
and the general cystic pattern (GCP), which is character-
ized by uniform distribution of the follicles throughout
the ovarian parenchyma (15% of all cases), are now

Fig. 4 PCOS: the stromal area is increased by more than 25%.
This finding displays a specificity of 96% for diagnosis of this
syndrome.
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regarded [44] as two different phases of the same func-
tional disorder.

Doppler studies have demonstrated that resistivity in-
dices in the intraovarian arteries are generally lower in the
subcortical pattern than in the intraparenchymal one. This
finding suggests that the latter pattern is an evolution of
the former and that the transformation is due to the
specific effects of LH on the ovarian parenchyma, which
increase vascularization, leading to stromal hyperplasia and
a consequent overproduction of androgens.

As the number of microcysts and the volume of the ovary
increase and Doppler indices become increasingly abnor-
mal, the clinical and hormonal manifestations of PCOS
become more evident, and menstrual disturbances, more
severe [45].

Obese PCOS patients have also been found to have
higher uterine artery PIs, higher serum levels of insulin
and triglycerides, higher hematocrits, and lower levels of

Fig. 5 (a) PCOS: calculation of the S/A ratio. The stromal
area corresponds to the hyperechoic zone located mainly in
the center of the ovary. The total ovarian area is measured
by outlining with the caliper the external limits of the ovary
in the maximum plane section. (b) In patients with PCO, the
S/A ratio is always >0.34. Those of patients with MFO and
healthy controls always fall below this cut-off. Fulghesu et al.
[38].
HDL cholesterol than their non-overweight counterparts:
therefore, in patients who are overweight, hyperinsuline-
mia might represent the link between the increased re-
sistance in the uterine vasculature, obesity, altered lipid
profiles, and the cardiovascular risk [46].

In addition to providing temporary relief of symptoms,
prompt treatment might also be capable of slowing the
disease progression and reducing the reproductive, meta-
bolic, and cardiovascular risks [47].

In women with hyperandrogenism and/or true PCOS,
evaluation of the ovarian morphology and vasculature with
transvaginal US and Doppler studies provides more detailed
information on the stage of the ovarian dysfunction that is
an important index of the patient’s cardiovascular risk.

Encouraging results have been obtained with three-
dimensional transvaginal US. Compared with conventional
US, the three-dimensional approach provides more detailed
information on all types of ovarian and uterine pathology,

Fig. 6 In patients with PCOS, the pulsatility index (PI: 1,85)
of the intrauterine artery is higher than normal and vasculari-
zation is thus reduced.

Fig. 7 In patients with PCOS, the intraovarian arterioles dis-
play lower than normal resistivity indices (RI: 0.46) indicative
of enhanced stromal vascularization.
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and its use in reproductive medicine is becoming more and
more common. It also seems to provide more reliable
estimates of organ volumes and blood flow, and most
importantly, it facilitates standardization of sonographic
examination procedures [48,49].

The introduction of this advanced technique has im-
proved the precision and reproducibility of ovarian mea-
surements. The stromal volume can be calculated as the
difference between the total ovarian volume and the total
follicular volume (Fig. 8). With this technique, Kyei-Mensah
et al. [50] documented a positive correlation between stro-
mal volumes and androstenedione levels, whereas Nardo
et al. [51] found no correlation between stromal volumes
and biochemical indices of the menstrual cycle.

The three-dimensional approach also allows quantitative
assessment of the ovarian vasculature by quantification of
power Doppler signals. Three indices can be calculated
[52]: the vascularization index, which represents the ratio
of power Doppler information within the total dataset rela-
tive to both color and grey information; the flow index,
which represents the mean intensity of the power Doppler
signal; and the vascularization flow index, which is a combi-
nation of the former two indices.

It remains to be determined how closely these indices
correlate with in vivo blood flow and vascularization.
However, their inter- and intrasubject variability has
already been demonstrated, and this suggests that they
can play a valuable role in the identification and classifi-
cation of substantial differences between groups of pa-
tients [53].

The role of magnetic resonance imaging (MRI) in the
diagnosis of PCOS is still controversial. The study of small
ovarian cysts involves the use of T2-weighted, turbo spin
echo (TSE) sequences (which can be acquired more rapidly
than spin echo sequences) and coronal and axial scansion
planes, which provide the best visualization of the adnexae
[54]. The images reveal multiple subcortical cysts, of uni-
form size and with very thin walls that may be contrast-en-
hanced. They generally appear hypointense in T1-weighted
images and hyperintense in T2-weighted images. The size
of the ovaries varies, and the central stroma appears hypo-
intense in T2-weighted images as a result of the increased
Fig. 8 Three-dimensional ultrasound facilitates assessment of the ovarian stroma based on its mean grey signal intensity, vol-
ume, and vascularity. The stromal volume can be calculated by subtracting total follicular volume from total ovarian volume.
Raine-Fenning and Fleischer [49].
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medullary component. In any case, the signal is more in-
tense than that of the ovarian cortex.

As demonstrated by the work of Marrian [55], MRI is
fairly sensitive in the detection of follicular cysts, but it
is not specific enough to allow diagnosis of PCOS without
supporting history and laboratory data. In fact, ovaries
with a polycystic appearance have been observed in pa-
tients without PCOS, in patients with oligomenorrhea who
have not been diagnosed with PCOS, and in patients being
treated with estrogens or clomiphene. Compared with US,
MRI plays a supplementary role in the diagnosis of PCOS.
It merely provides additional evidence of the polycystic
morphology of the ovaries and at this point it has no real
use in clinical practice.

Conclusions

PCOS and the hyperandrogenism that accompanies it is
a complex disease associated with significant metabolic
alterations, such as obesity and insulin resistance, which
have been and continue to be the subject of intense
research.

Collectively speaking, the data generated by these
studies depict PCOS as an entirely new disease entity with
repercussions that extend far beyond the boundaries of the
reproductive system. PCOS has important clinical and
systemic implications in terms of morbidity related to
type II diabetes, dyslipidemia (high levels of total and LDL
cholesterol and triglycerides), hypertension, and cardio-
vascular disease [56], and for this reason, it requires
prompt diagnosis and appropriate treatment.

In spite of its complex pathophysiology and the hetero-
geneous clinical and anatomical manifestations of this
syndrome, transvaginal US studies of the ovaries with
Doppler analysis of the intraovarian and uterine arteries
plays a pivotal role in diagnosing and staging PCOS. In light
of the close correlation that has been observed with
laparoscopic findings, the Doppler US examination is prob-
ably the single most important tool for diagnosing this
syndrome [41].
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