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Abstract
Objective—To determine the association between individual ovarian dimensions, advancing age
and declining ovarian reserve in an infertile population.

Design—An ongoing prospective observational study.

Setting—Academic infertility practice.

Patients—69 premenopausal women presenting for the evaluation and management of infertility.

Interventions—Transvaginal ultrasound assessment of the ovarian dimensions (length, width and
overall diameter in mm) and evaluation of the ovarian reserve status by measuring serum levels of
follicle stimulating hormone and estradiol in the early follicular phase of the menstrual cycle.

Main Outcomes—Relationship between the individual ovarian dimensions with age (years) and
ovarian reserve-OR (reflected by historical maximal FSH levels).

Results—A statistically significant decrease in ovarian size parameters accompanied advancing
age (ovarian width, r= − 0.30, p= 0.01, ovarian length, r = − 0.24, p= 0.04, and the mean overall
diameter, r= − 0.30, p= 0.01). FSH levels demonstrated a significant and linear correlation with age
(r=0.39, p<0.01). Increasing levels of FSH (and hence declining OR) were associated with a
significant decline in the mean ovarian width (r= − 0.39, p<0.01), the length (r= −0.38, p<0.01) and
the overall mean ovarian diameter (− 0.42, p<0.01), Patients with a known diagnosis of diminished
ovarian reserve demonstrated significantly reduced ovarian dimensions compared to patients with
other infertility etiologies. Multivariate linear regression analysis confirmed individual ovarian
measurements (width, length and overall diameter) as independent predictors of OR (FSH levels)
after adjusting for parameters that are known to influence ovarian size, i.e. age, smoking status, BMI
and anovulation history. Ovarian width emerged as the strongest predictor of OR (largest β coefficient
and hence the strongest association with OR status) compared to ovarian length and the mean ovarian
diameter.

Conclusion—Single ovarian dimensions are reliable predictors of advancing age and declining OR
status in premenopausal infertile women. The magnitude of this association is most robust for the
ovarian width.
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Introduction
Ovarian reserve (OR), a term that has evolved in the era of assisted reproductive technology,
refers to the residual oocyte-granulosa cell repertoire that, at any given age, is available for
procreation. Both quantitative and qualitative deteriorations in the oocyte complement, and
therefore a waning OR, are recognized phenomenon associated with advancing age (1–5).
Although a decline in OR thus accompanies chronological aging, an acceleration in this process
appears to underlie in a sub set of premenopausal women. This latter occurrence is evidenced
by suboptimal responses to attempts at ovarian stimulation, as seen in a proportion of young
women undergoing treatments for infertility, and by the recent appreciation that this subset of
women may be destined for transgression into menopause at a younger age (6–8).

A spectrum of markers prognostic of OR are validated to varying degrees in the infertile
population. These include biochemical markers (Follicular Stimulating Hormone (FSH),
Estradiol (E2) Inhibin B, Anti-Mullerian Hormone (AMH), FSH: LH ratio) (9–19), and ovarian
morphometeric markers (ovarian volume, antral follicle count, AFC and mean ovarian
diameter) (11,20–23) assessed in the early follicular phase (basal) of the menstrual cycle.
Dynamic assessment of OR (clomiphene citrate challenge test (CCCT) (11,24–26), exogenous
FSH ovarian response test (EFORT) (27), GnRH Analogue Stimulation Test (GAST) (28)
improves sensitivity of OR assessment, albeit at the expense of inconvenience and increasing
cost (14–17,24–26,29).

Despite the limitations (absence of a clear cut off level signifying diminished OR (DOR), inter
cycle variability (30) and inter-laboratory variability depending on assay used) basal FSH
levels are commonly utilized for OR assessment in routine clinical practice (9–11).
Furthermore, historical elevated basal FSH levels, despite subsequent normalization, have been
shown to be predictive of poor outcome following IVF (31).

In a recent study, Fratterelli et al., validated a simplified 2-diameteral formula (V= (D1 + D2)/
2) for the assessment of OR (32). These authors demonstrated that mean ovarian diameter
(length + width/2) provided a comparable degree of predictability of OR as the ovarian volume
in infertile women undergoing ART (32). Taking this approach a step further, we set out to
evaluate if the simple assessments of individual ovarian diameters (length and width) in the
early follicular phase of menstrual cycle, as currently employed in our clinical practice, reliably
reflects OR status (as reflected by historical maximal FSH and chronological age) in our patient
population. We furthermore aimed to independently assess the strength of associations between
OR and the individual ovarian parameters (length and width) after adjusting for factors that
are know to influence ovarian diameters.

Materials and Methods
Infertile patients attending a tertiary care infertility practice in the early follicular phase of
menstrual cycle were offered participation in a prospective observational study from April
2004–July 2005. The study was approved by the Clinical Center for Investigations (CCI) at
Albert Einstein College of Medicine (AECOM) and the IRB at Montefiore Medical Center.
Inclusion criteria comprised female partners of infertile couples attending our facility for
management of infertility and presenting in the early follicular phase of the menstrual flow
(cycle days 1–3). Written and signed informed consents were obtained.
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At each visit, patients underwent evaluation of ovarian morphometry by TVUS (Aloka 1400,
Phillips, 7.5 MHz). Serum samples were collected in the early follicular phase (days 1–3) of
the menstrual cycle. Samples were stored at −80° C until the assessment of markers of ovarian
reserve (FSH and E2) by electro-chemiluminescence immunoassays (ELICA, Roche Elecsys
1010, Roche Diagnostics, Indianapolis, IN; Estradiol II, minimal detection limit 5pg/ml, intra-
assay CV 5.7% and inter-assay CV 6.2% and FSH, minimal detection limit 0.10 mIU/ml, intra-
assay CV 1.8 % and interassay CV 5.3 %). Patient’s height (inches) and weight (pounds) were
recorded and body mass index (BMI) was calculated (kg/m²).

Ultrasound evaluation of the ovaries was performed as per routine clinical practice, by members
of the clinical team that included trained RN’s and REI fellows in training, under the direct
supervision of board certified or eligible Reproductive Endocrinologist attending physicians.
Ovarian images were procured in the saggital and coronal planes and the frozen image
reflecting the largest ovarian dimensions was utilized for the measurement of ovarian length
and width (cm) as per standard clinical practice. Mean values were calculated for ovarian length
(right ovarian length + left ovarian length/ 2), width (right ovarian width + left ovarian width /
2) and overall ovarian diameter (mean length + mean width/2).

The patients were asked to complete a questionnaire enquiring about demographic information
(race/education/ethnicity)/medical and social (smoking/alcohol) histories. The etiology for
infertility was abstracted from patient records, as were the maximal reported values for early
follicular phase FSH for each patient. The assessment of OR was based on the maximal FSH
levels (historical or current) available for each patient and the chronological age (years).

Statistics
The main outcomes of interest were the independent associations of individual ovarian
measurements (mean ovarian width, length and overall diameter) with OR (FSH and age) in
the premenopausal infertile women. Data were analyzed and confirmed to meet the Gaussian
distribution for subsequent assessments by Pearson’s correlation and student’s t test analyses
to determine the associations between OR parameters and the individual ovarian
measurements. Assessments of the associations between the individual ovarian measurements
and a known diagnosis of diminished ovarian reserve were made using a two tailed Student’s
t-test.

Multivariate linear regression models were created to determine the relationship between the
individual ovarian parameters and FSH, after adjusting for confounders that have been known
to influence ovarian dimensions, specifically age, smoking status (33,34), a diagnosis of
anovulation (35–37) and the BMI (38–40). Because of the significant correlation between the
individual ovarian measurements, and therefore the risk of collinearity if incorporated within
a single regression model, separate linear regression analyses were conducted incorporating
one of the three measurements at a time to assess the magnitude of association (β coefficient)
between the individual ovarian measurements and FSH levels. STATA (Intercooled STATA
8.2 for Windows, StataCorp, TX) was utilized for analysis and a p value of <0.05 was
considered statistically significant.

Results
Sixty nine patients were enrolled over the study period. Table 1 demonstrates the patient
demographics and characteristics. The continuous data are reported as mean ± SD, (range).
The mean age of patients was 34.53 ± 4.50 (21–44). The mean value for the maximal reported
FSH levels in the study population was 8.46 mIU/ml ± 3.70 (3.47– 20).
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Demographic information was available for 61/69 (88.40%). The majority of patients were
Caucasians (65.57%); Asians and Blacks constituted 11.48% and 16.39% of the participants
respectively and ethnicity was unknown for 6.56%. The commonest etiologies for infertility
were anovulation (24.64%, 17/69) and male factor (21.74%, 15/69), followed by diminished
ovarian reserve (14.49%, 10/69, unexplained infertility (15.94%, 11/69), tubal disease
(13.04%, 9/69,), more than one etiology (5.80%, 4/69) and other diagnoses not specified
(4.35%, 3/69). None of the enrollees had undergone a prior unilateral oopherectomy. Fifteen
percent of the patients reported a history of smoking.

Adequate visualization of both ovaries was achieved in all the cases and the average values
(cm) for the individual mean ovarian measurements were: length, 4.60 ± 1.01 (2.66–7.90),
width, 2.96 ± 0.84 (1.65– 5.68) and overall diameter, 5.27 ± 1.24 (3.25–9.31). In a sub sample
of patients (n=8), following the initial ovarian measurements performed by the clinical staff
members, repeat measurements were performed by a single investigator (LP) to assess the
Inter-observer variations in ovarian dimensions. A reassuring inter-observer consistency in the
individual ovarian measurements was confirmed (r = 0.95, p<0.001 for ovarian length, r = 0.90
and p=0.002 for ovarian width), with CV’s of 3.90 % and 1.64% for length and width
respectively.

A decrease in the ovarian size parameters (length, width and overall diameter) accompanied
advancing age; this relationship was statistically significant for each of the three ovarian
dimensions, i.e. ovarian width (r= −0.30, p=0.01), ovarian length (r=−0.24, p=0.04),and the
mean overall diameter (−0.30, p=0.01), Figure1. FSH levels demonstrated a significant and
linear correlation with age (r=0.39, p<0.01). Increasing levels of FSH (and hence declining
OR) were associated with a significant decline in the mean ovarian width (r= −0.39, p<0.01),
the mean length (r= −0.38, p<0.01) and the overall mean ovarian diameter (−0.42, p<0.01),
Figure 2. The association between FSH levels and individual ovarian measurements was thus
comparable to that of FSH with age. Patients diagnosed with diminished ovarian reserve
demonstrated significantly lower parameters for each of the ovarian dimensions (ovarian width
2.39 ± 0.78, p<0.01, length 3.95 ± 0.74, p=0.01 and mean ovarian diameter 4.36 ± 1.13, p<0.01)
compared to patients with other etiologies for infertility (ovarian width 3.09 ± 0.80, length 4.74
± 1.00 and mean ovarian diameter 5.46 ± 1.18.

Multivariate linear regression analysis confirmed the individual ovarian measurements (width/
length and overall diameter) as independent predictors of FSH levels after adjusting for
parameters that are recognized to influence the ovarian size, i.e. age (as demonstrated earlier
by the data presented), smoking status, BMI and anovulation history. The adjusted analyses
demonstrated the ovarian width as a stronger predictor of FSH levels (larger β coefficient and
hence stronger association with OR status) compared to mean ovarian length or diameter, Table
2. The overall statistical models explained between 24–27% of the variability in FSH levels.

Discussion
An improved ascertainment of the OR status may help optimize the planned therapeutic
intervention, and thus minimize the emotional and financial strain placed upon couples seeking
fertility treatment. The expanding list of tests predictive of OR reflects the ongoing quest for
reliable, efficient, affordable and simple methods that can be incorporated into the day to day
clinical practice. Although the ellipsoid ovarian volume as assessed by transvaginal ultrasound
(32) has demonstrated prognostic value in terms of quantitative ovarian response (21), with
minimal interand intra-observer variability (41), this requires an additional 3rd dimensional
measurement that may not be performed in routine clinical practice. Assessment of the OR by
measuring the ovarian volume is thus somewhat cumbersome (32) and even though the time
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spent in procuring the additional third measurement may not amount to much for an individual
patient, the cumulative minutes accrued in a busy clinical practice may be meaningful.

A review of the literature has yielded two published reports addressing a simpler ovarian
morphometric assessment utilizing the mean ovarian diameter as a prognosticator of OR status
(11,32). In a retrospective study by Frattarelli et al, ovarian measurements were performed by
TVUS in the early follicular phase of the menstrual cycle in 278 patients. The authors
demonstrated an inverse association between the ovarian diameter (computed as an average of
length and width) and age, basal FSH levels and the basal FSH: LH ratio (11). Statistical
methodology employed in the mentioned reports (11,32) however has been limited to a
correlation analysis without addressing the potential confounding influences.

We have attempted to explore the associations of the individual ovarian measurements (i.e.
ovarian length and width) as well as the overall mean ovarian diameter (average of the length
and width) independently with the OR, as reflected by the highest reported FSH value for each
participant, as well as with advancing age. Our data confirm that the individual ovarian
parameters (width, length or an average of the two) reliably reflect ovarian reserve in pre-
menopausal infertile women. We have further attempted to adjust for potential confounders
that may influence ovarian size, including a history of smoking (33,34) and ovulatory status
(i.e. larger ovarian size associated with annovulatory status, specifically polycystic ovarian
syndrome (35–37), as well as the BMI (37–39). While all the three ovarian measurements
demonstrate a negative association of statistical significance with increasing FSH levels (and
hence declining OR), and with advancing age, the magnitude of these associations was most
robust for ovarian width. Although larger mean ovarian length measurements were noted in
our patients diagnosed with PCOS (5 mm) compared to those with other infertility etiologies
(4.6mm), this difference was not of statistical significance (p=0.81).

Our data demonstrate that while all the three individual parameters are reliable prognosticators
of OR as reflected by the FSH levels, the mean ovarian width exhibits a more robust relationship
with the OR status compared to the ovarian length or the average of the two dimensions. Future
clinical and research endeavors should focus on validation of these simple tools that are
commonly utilized in the day to day clinical practice for the assessment of ovarian reserve
status.
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Figure 1.
Significant and inverse correlation is demonstrated between advancing age and declining
individual ovarian dimensions.
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Figure 2.
Significant and inverse correlation is demonstrated between declining ovarian reserve
(increasing FSH levels) and individual ovarian dimensions.
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Table 1
Describes the patient characteristics and ovarian reserve parameters.

Variable Mean ± SD (range)
Age (years) 34.53 ± 4.50 (21– 44).
BMI (Kg/m²) 27.15 ± 6.96 (19.11– 56.12)
FSH† (mIU/ml) 8.46 ± 3.70 (3.47– 20)
Ovarian Length (cm) 4.60 ± 1.01 (2.66–7.90)
Ovarian Width (cm) 2.96 ± 0.84 (1.65– 5.68)
Overall Ovarian Diameter (cm) 5.27 ± 1.24 (3.25–9.31)
†
Historical maximal FSH level for the patient
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Table 2
Magnitude (β coefficient) and reliability of associations (P value) between individual ovarian measurements and
ovarian reserve (FSH levels), adjusting for parameters known to influence ovarian size (age, BMI, smoking status
and a history of anovulation):

Ovarian Parameter (β coefficient) P value R²
Ovarian Width (cm) −1.17 0.01* 0.26
Ovarian Length (cm) −0.78 0.02* 0.24
Ovarian diameter (cm) −0.78 <0.01* 0.27
*
statistically significant
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