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Abstract 

Objective: To summarize the main aspects of several available techniques to perform ovarian antral 

follicle count (AFC), to propose a standardized report and to draw perspectives for future research on this 

subject.  

Methods: This is a consensus paper from a group of clinicians and sonologists.  The initial manuscript 

was written by three authors and then submitted to all the other authors asking for comments/corrections. 

After three versions incorporating suggestions, the fourth version of the manuscript was approved by all 

the authors. 

Results: AFC should be performed by transvaginal ultrasound using probes with frequency ≥ 7 MHz. We 

suggest a minimum training of at least 20-40 supervised exams; the operator should be able to adjust the 

machine settings in order to achieve the best contrast between follicular fluid and ovarian stroma. Follicle 

count might be evaluated by real time two-dimensional ultrasound (2D-US), by stored 2D-US cine-loops, 

and by stored three-dimensional ultrasound (3D-US) data-sets. Real time 2D-US has the advantage of 

permitting extra maneuvers to ensure whether an anechoic structure is a follicle, as the patient is present, 

but may require longer scanning time, particularly when there is a large number of follicles, resulting in 

more discomfort to the patients. Cine loop has the advantages of reducing scanning time and also allows 

other observers to count the ovarian follicles. 3D-US imaging requires special ultrasound machines and 

extra-training for acquisition/analysis but has the same advantages of the cine-loop and also allows 

employing different imaging techniques, as volume contrast imaging (VCI), inversion mode and the use of 

semi-automated techniques as sonography-based automated volume calculation (SonoAVC).  

Conclusion: Some recommendations based on the available evidence were performed. However, there 

is no strong evidence that one method is better than the others and the operator should choose the 

method for counting ovarian follicles based on the availability and on the preference/skills. More studies 

evaluating how to improve the reliability of AFC should be encouraged. 
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Introduction  

Ovarian antral follicles can be identified and counted by transvaginal ultrasound scan (TVS) 1, 2. Since 

there are no available tests to evaluate the true ovarian reserve (OR) 3, ovarian antral follicle count is 

accepted as a good surrogate marker 4, 3. The assessment of the antral follicle count (AFC) is frequently 

used in women of reproductive age for several reasons: it might be helpful in infertility and assisted 

reproduction techniques work-up 5, in predicting the risk of menopause 6, 7, to suspect of ovulatory 

dysfunction secondary to hyperandrogenism anovulation 8, 9, and for some other specific clinical situations 

10, 1.   

AFC is feasible, non-invasive, and easily performed  technique 11 that might be used as a surrogate 

marker for the OR of each ovary separately 8, 12. However, the use of ultrasonography to count ovarian 

follicles is not totally standardized and consequently there might be some variability between observers 

and the equipment used 13-15. Anti-mullerian hormone (AMH), a glycoprotein secreted by the granulosa 

cells of primordial follicles, is also used as a surrogate marker of the OR, as this hormone is mainly produced 

by the ovarian antral follicles. AMH and AFC seem to have similar accuracy in providing information 

regarding the OR and to predict the response to ovarian stimulation 8, 16, 14, 12. Limitations of AMH 

concentration are the absence of an international standardization 17, 12 and higher costs, but 

Standardization combined with a stable automated assay is likely to enhance its performance in the 

prediction of ovarian response 15. The biggest advantage of AFC over AMH, is that when assessing the 

functional OR by AFC, the observer is able to evaluate many other important aspects of the ovaries (e.g. 

position, presence of endometrioma or other ovarian lesions), and also important information regarding 

the tubes (e.g. presence of hydrosalpinx) and the uterus (e.g. presence of endometrial polyps or submucous 

leiomyomas). Adding AMH to AFC only improve the prediction of excessive response to ovarian stimulation, 

not the prediction of poor ovarian response 16. In cases of technical difficulties for performing AFC (e.g.: 

poor view of the ovaries, restricted mobility of the ovaries, the presence of ovarian lesions) or problems 
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due to the observer or ultrasound equipment the dosage of AMH might help to predict ovarian response.  

The primary objective of this consensus is to summarize the most important aspects of several available 

techniques to count ovarian follicles, aiming to help less experienced observers to choose the best 

technique, and try to supply minimum standards, aiming to provide more reliable AFC with minimum scan 

time and patient discomfort. We also aim to summarize and propose a standardized report to describe 

antral follicle evaluation and to draw perspectives of future research regarding the ultrasonographic 

evaluation of ovarian follicles. 

 

Methodology 

Elements of Glaser´s method 18 and of the nominal group technique 19 were used in the development 

of the present guide. The group consisted from clinicians and sonologists focused on the application of 

ultrasound in Gynecology, reproductive medicine, gynecological endocrinology and gynecological surgery 

as well as the reliability and the accuracy of ultrasound tools. The initial manuscript was written by three 

authors (MACN, AL, WPM) following a review of available literature.  The initial manuscript was submitted 

to all the other authors asking for comments/corrections. A second version incorporating the most 

important comments was submitted again to all the other authors along with some questions regarding 

some controversial points. A third version of the manuscript incorporating those comments was 

resubmitted to all other authors, asking for more suggestions; any change in the third version would only 

be performed if approved by the majority of the authors. A fourth version of the manuscript was submitted 

to all authors asking for approval before submission.   
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Terms and definitions 

Ovarian follicles contain oocytes and are covered by granulosa cells. Ovaries include four different types 

of follicles in distinct stages of development: primordial, primary, secondary and tertiary (or antral) 1, 20. The 

number of primordial follicles, which is the true ovarian reserve, is determined in fetal life and declines 

along the life 21. However, primordial follicles cannot be seen by ultrasound since they are too small (<0.05 

mm in diameter) 22. Primordial follicles are composed by a dormant single layer of granulosa cells covering 

an oocyte. They are quiescent, but initiate growth depending on a sensitive balance between the factors 

that promote proliferation and apoptosis 23, 20, 24. When moving to primary follicles, the granulosa cells start 

to duplicate and become cuboidal. A glycoprotein polymer capsule called the zona pellucida forms around 

the oocyte, separating it from the granulosa cells. When moving to secondary follicles, stroma-like theca-

cells that surround the outer layer of the follicle suffer cyto-differentiation to become theca externa and 

theca interna, which are separated by a network of capillary vessels 24. The formation of a fluid-filled cavity 

adjacent to the oocyte, called antrum, designates the tertiary or antral follicle. However, initial antral 

follicles are still not identifiable by ultrasound as they measure < 1.0 mm. The antral follicles become more 

easily identifiable by ultrasound when they reach 2 mm of diameter, coinciding with the higher sensitivity 

to FSH 23, 1, 20. Antral follicles measuring between 2-10 mm are also called recruitable, where antral follicles 

> 10 mm are usually known as dominant follicles.  

Follicles with a mean diameter ranging from 2 to 10 mm are generally included in the AFC. Although 

some antral follicles < 2 mm in size might be identified during transvaginal scan (TVS) evaluation, it is 

debatable whether we should include such follicles in the count, as it might increase the risk of counting as 

follicles some other small anechoic structures, such as vessels or artifacts 25. Moreover, such follicles are 

less responsive to follicle-stimulating hormone (FSH) 1, 26. Some authors state that the number of follicles 

measuring only up to 5-6 mm might more acurately represent the best cohort of recruitable follicles and 

better correlates with the true OR 3; however, distinguishing follicles that measure 5-6 mm from those 
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measuring 7-9 mm may increase the time needed for counting the ovarian follicles without any evidence 

of clinical benefit. Hence in clinical practice, counting all identifiable follicles of 2-10 mm provides the most 

practical method for AFC, without having to measure several follicles 1.  

Although it has been recommended counting the follicles preferentially in the early follicular phase of 

the menstrual cycle to prevent the effect of intracycle fluctuations 1, 27, 28, the evaluation of OR by follicle 

count might be performed at any moment of the menstrual cycle 29. Although there is variation of AFC 

along the cycle reaching 30%, this different doesn´t affect the choose of the sitimulation protocol for IVF 

30, 28. Allowing counting follicles at any time of the menstrual cycle reduces not only patient inconvenience 

due to the discomfort of an examination during the menstrual period and also remove a logistic burden for 

IVF centers 30, 31. The approach of the present consensus is that AFC may be performed at any time of the 

menstrual cycle. On the other hand, counting the follicles in the early follicular phase is frequently easier, 

as it reduces the likelihood of the presence of an ovarian cyst or a corpus luteum, which might difficult the 

visualization of the antral follicles and possibly interfere with follicle count 1, 32.  

Considering that: 1. Follicle count assessed by ultrasound might be reduced in women using hormones 

that interfere with menstrual cycle (e.g. hormonal contraceptives or GnRH agonists) 33, but the degree of 

the reduction is very different depending on the type of hormone and on the individual’s susceptibility; 2. 

The result of follicle count in women using hormones, particularly when if it is normal or high, might still be 

useful for clinical practice; 3. Asking for all women to stop using contraceptives only for having a better 

accuracy will make the test more difficult to be performed and might expose women to undesired 

pregnancy; We suggested that follicle count should be preferentially performed during natural menstrual 

cycle but one can still count the follicles in women using hormonal contraceptives. If doing so, women 

should be advised before the scan that hormonal contraceptives might reduce the number of follicles 

identified by ultrasound and that a small count under such circumstances should be confirmed by another 

scan performed 2-3 months without hormones before any clinical decision. 

This article is protected by copyright. All rights reserved.
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Additionally, observers and clinicians should be careful when counting and when interpreting the 

ovarian follicle count in the presence of cysts, particularly endometriomas, and previous pelvic surgeries 1. 

Endometriomas, local inflammation, fibrosis and adhesions are likely to increase the distance between the 

ovarian tissue and the ultrasound probe, resulting in attenuation and impaired visualization of the follicles, 

particularly the small ones 34, 12, 32.  

The sum of all follicles seen in both ovaries, also called as the total AFC is frequentely used in assisited 

reproduction centers 1, 35; however, the number of follicles in the ovary with more follicles, known as follicle 

number per ovary (FNPO) is often more useful in gynecological clinical practice 8.  

 

Why counting ovarian follicles? 

AFC is accepted to be the one of the best markers for assessing the functional ovarian reserve 4, 3, for 

predicting of the response to gonadotropins stimulation 36-39 and to assess the chance of pregnancy 

following IVF 29. AFC can predict both poor ovarian response (POR) and exaggerated response 16, 38, and is 

therefore useful to individualize optimal gonadotropin dosage 40, 29, 5, 41, 38. An AFC less than 5-7 is associated 

with a small number of oocytes retrieved 42, 37 and reduced pregnancy rates 43. A total AFC of 20 or above 

is related to exaggerated ovarian response and a higher risk of ovarian hyperstimulation syndrome 44-46, 12, 

39.  

Indications for counting the ovarian follicles include women older than 35 years of age attempting 

pregnancy for more than 6 months 10 and risk for diminished ovarian reserve: history of cancer treated with 

gonadotoxic drugs and/or irradiation 10, 47, 48, and ovarian surgery for endometriomas 10, 49, 50. AFC might be 

used to predict the risk of fetal aneuploidy instead of maternal age 51, 52. Furthermore, the number of antral 

follicles might help predict the age of the menopause, and an AFC ≤ 4 is shown to be related with an 

increased risk of menopause in seven years (35% vs. 13%) 6, 7. 

Antral follicle count helps to predict whether there is an increased risk of having a small number of 
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retrieved oocytes following ovarian stimulation and oocyte retrieval, which results in reduced pregnancy 

rate by IVF 10, 13, 53, 29, 54, 55 and lower cumulative pregnancy rate 56. It is important to note that having a poor 

ovarian reserve shouldn’t be interpreted as being the same of having a reduced chance to conceive 

spontaneously 10, 13, 53, 29.  

FNPO has been used for more than a decade as a criterion to diagnose ovulatory dysfunction secondary 

to hyperandrogenism or “polycystic” pattern 5, 9. The suggested cut-off for FNPO ≥ 12 follicles published in 

2004 9 is no longer considered to be valid. The improvement in image technologies has allowed the 

visualization of a much higher number of follicles: the median FNPO in women at reproductive age reported 

by recent studies is between 13-16. Therefore, using FNPO ≥ 12 as a cut-off will result in suspicion of 

hyperandrogenism in more than half of the young women. Based on the results of the new studies, a 

reasonable suggestion for suspecting of hyperandrogenism is a FNPO ≥ 25 8, 45.   

 

Minimum ultrasound training and machine requirements 

Antral follicles are round or oval sonolucent structures 1, 57. However, they might not be so easily 

identified in all women.  Some practical difficulties include doubt as to whether a sonolucent structure is a 

follicle and interpretation of a sonolucency as only one follicle or two adjacent ones 58. 

Although follicle count is often evaluated by two-dimensional ultrasound (2D-US), three-dimensional 

ultrasound (3D-US) might also be helpful59. 3D-US imaging has the advantage of a shorter presential 

examining time, once it enables storing information for posterior analysis of acquired data 60, 57 and a better 

interobserver reliability 60, 59.  

In order to increase the reliablity, the follicle count should be performed only by competent observers; 

however there is no specific training or certification 1. Additionally, there is no consensus regarding how 

many scans a person should perform before being considered able regarding technical competence. A 

study on learning curves in follicle monitoring during controlled ovarian stimulation 61 suggests 20-40 exams 
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to perform this analysis well; which we believe should be also valid for counting antral follicles. 

Appropriate ultrasound equipment and technique are necessary to achieve an accurate AFC.  The scans 

must be done using the transvaginal approach with a minimum frequency of 7 MHz 58.  The impact on AFC 

reproducibility related to the quality of individual ultrasound (US) equipment is poorly defined 1. The 

transabdominal route should only be employed when it  is the only way to assess the ovaries by ultrasound 

62. Some examples are when the ovary is located cranially and anteriorly in the pelvis/abdomen, or when 

transvaginal scan is not recommended (e.g. virgin women) or cause much pain (vaginism). For the latter 

two situations, transrectal scanning might be considered, as it offers a comparable image quality to TVS 

and superior to transabdominal US to obtain images from female pelvic structures 63-65.  

 

Useful ultrasound techniques for counting ovarian antral follicles 

Different methods are employed to perform AFC, including both 2D-US and 3D-US (Figure 1). Ovarian 

follicles are frequently counted on 2D-US using either real-time time or stored cine-loops. When using 3D 

ultrasound, the most common technique is counting the follicles manually in the multiplanar mode; 

however, the count might be performed using rendered modes, particularly the inversion mode or semi-

automatically, using Sonography-based Automated Volume Calculation (SonoAVC™). The main 

characteristics of the different ultrasound techniques to count ovarian follicles are summarized in Table 1. 

  

Real-time 2D ultrasound 

The woman must be positioned in the lithotomy position with an empty bladder. The operator must 

scan the ovary in the two planes to identify which plane offers the best image (longitudinal or coronal). 

After choosing the best scanning plane, the ovary is centered on the screen, and the US machine is adjusted 

to optimize image quality, trying to maximize the contrast between the follicle fluid and the ovarian stroma 

(including adjustments on gain, depth, magnification and, most importantly, the use of harmonics – see 
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below). Additionally, the ovary should occupy at least 50% of the screen in its larger axis.  All follicular 

structures of 2-10 mm in diameter are included while performing the scanning from one ovarian margin to 

the other (Figure 1A and 2A). When in doubt whether a follicle identified is >10 mm or < 2 mm, follicular 

size is measured using the internal diameter of the sonolucent area. For round follicles, only one 

measurement is suggested; for oval follicles, the mean diameter is calculated by using two diameters 1. The 

number of follicles measuring < 2 mm or > 10 mm is subtracted from the total number of identifiable 

follicles. If the observer is not sure about the count, the process must be repeated in the other plane. The 

process is repeated on the other ovary and reported separately. Harmonic imaging may improve the image 

quality by reducing artifacts 25 (Figure 1B and 2B). The minimal noise and clutter when harmonics are used 

reduces artifacts in liquid cavities, which appear as clean and dark regions (anechoic) 66, and with a better 

contrast resolution when compared to standard ultrasound imaging 67. However, harmonics imaging suffers 

more from attenuation and might not be useful when evaluating ovaries that are not close to the 

ultrasound probe.  

The use of real-time 2D-US imaging is adequate for counting ovarian follicles in the clinical practice 1. 

Although AFC evaluation by real time US is usually quick, it requires the presence of the woman during the 

entire examination since the follicular dimensions are obtained one at a time from each individual plane. 

Confusion may arise during the examination regarding whether a particular sonolucent structure is a follicle 

or two follicles side by side, or the same follicle be counted twice 58. Hence, 2D-US is highly dependent upon 

the observer 59. On the other hand, real time is better to evaluate whether an adjacent anechoic structure 

is a follicle, a para ovarian cyst or a hydrosalpinx, by applying pressure and checking whether the structure 

slides in relation to the ovary 25. Additionally, it also allows the use of color/power Doppler, which might 

help differentiating follicles from vascular structures. 
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Cine loop 2D ultrasound 

Cine loop or clip is a tool used in 2D-US evaluation. Images can be analyzed in the presence of the patient 

allowing reacquisition when the acquired images are not satisfactory, or only stored to be evaluated later. 

The advantage is that the loop can be quickly saved, thus shortening the time of the US exam. It also has 

another advantage, if any doubt arises, the clips can be replayed. However, the quality of the acquired clips 

is operator dependent and therefore some of the same limitations as the 2D conventional mode. 

Additionally, if the clip is not analyzed with the patient in the room, this will preclude performing any 

additional maneuver to solve eventual doubts.  

To save clips, one must identify the best plane to sweep the ovary. The probe is placed in one of the 

margins of the ovary, and the image is freezed. Then, the image is unfreezed and a quick sweep made from 

one margin to the other followed by another freeze. The cine loop is saved. And the same process is done 

to the contralateral ovary 25. 

 

3D manual mode  

By using the 3D manual mode or multiplanar view, it is possible to perform AFC visualizing three 

perpendicular planes simultaneously 35, 59, 57 (Figure 1C and 2C). The images of the ovaries are acquired 

automatically, and the resulting volumes are stored and subsequently analyzed by using the three 

orthogonal planes simultaneously 35, 57. The three planes are linked, so that the movement of one plane 

shifts the other two planes accordingly, with a central point being the intercept for all three planes 68 35. 

The multiplanar mode allows for cross-checking follicles in different planes, and this method might provide 

better reliability compared with 2D methods 35, 57. 

To perform 3D-US ovarian evaluation, each ovary must be scanned in two planes to identify which plane 

provides the best image quality of the entire tissue (i.e. suffers less form interposition of bowels), if both 

planes provide good image quality, the observer should choose the one that provides in which the ovary 
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becomes more elongated; this will facilitate the acquisition of the entire ovarian tissue during the sweep, 

which covers a lower angle than the original view angle (almost 180°). A longitudinal section of the ovary is 

centralized within the 3D sonographic sector on the screen. Using the chosen plane, the transducer is held 

at the center of the ovary. The maximum image quality and the maximum acquisition angle is selected 

(normally 120°) to maximize image quality and to assure the whole ovarian tissue is included during the 

acquisition. Since the original maximum view angle on B mode is larger than the acquisition angle (176° vs 

120°), if the entire ovary is not included in the first acquisition, the observer should try to elongated it as 

far as possible in the B-mode, leaving the shorter diameter to be included in the 120° sweep. After a good 

3D data-set is acquired and stored, the follicles are counted at a convenient moment, either on the US 

machine or on a personal computer 25. Although some training is needed, the acquisition of 3D data-sets 

of the ovaries is very quick, reducing the scanning time.  If the observer believe that vessels might be 

confounded with follicles, power Doppler might be used; this will make the 3D volume acquisition 

somewhat slower and the potential benefit has never been addressed.  

Volume Contrast Imaging (VCI), a render mode with thin slice, is a tool that provides enhancement of 

the contrast between the tissues or organs that might be difficult to identify using conventional 2D US 69. 

Its effect is shown in Figure 1 and 2. VCI may provide a better contrast between the fluid and the surrouding 

structures 70. VCI seems to improve the image quality on 3D US (Figure 1E and 2E), similarly as harmonic 

does on 2D US. While the basis of these tools is completely different, VCI may result in similar improvement 

in image quality 25.  

The inversion mode, a rendering mode, invert the echogenicity, turning the darkest points into the 

brightest points and vice versa. Combing this with any surface rendered mode (that eliminates the darker 

voxels from the region of interest) it is possible to visualize the 3D arrangement of the follicles 71. This 

method offers a different way to count follicles, since all of them can be seen at the same time 60 (Figures 

1D and 2D). If there is any surrounding hypoechogenic tissue in the original image, this will make it difficult 
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to identify the follicles, once it will not be eliminated in the rendered mode; when this happens, VOCAL can 

be used, not to estimate the ovarian volume, but to exclude all the tissue surrounding the ovary from the 

region of the interest, facilitating the identification of all the ovarian follicles. One study 60 found that AFC 

using the inversion mode was better correlated with the number of oocytes retrieved following ovarian 

stimulation, than was AFC assessed by 2D ultrasound or multiplanar view. However, the use of the inversion 

mode is much more time consuming and require specifically-trained observers 60, 71.  

 

SonoAVC follicle 

SonoAVC allows counting and measuring the diameters and volume of anechoic structures within a 

region of interest of an acquired 3D dataset 35. The algorithm used to calculate volume is based on the sum 

of all the volume elements within a given hypoechoic region 60, and it is thought to be able to reduce the 

inter-observer variability of follicle count 35, 59. 

To perform AFC by using 3D imaging, the region of interest should be adjusted in order to exclude as 

much extra ovarian tissue as possible but at the same time ensuring that the whole ovary was included 35.  

The automated analysis takes around 6 seconds, and the individual follicles are then displayed in a 3D 

colored rendered mode, as well as the number of follicles and their dimensions (Figure 1F and 2F) 60. 

However, the automatic evaluation is frequently not perfect (Figure 3B and 3C), but there are options to 

manually correct such problems 60, 72. Some options are clicking on a follicle that has not been identified as 

well clicking on non-follicle structures that were incorrectly identified as being. It is also frequently needed 

to separate different follicles that were incorrectly identified as being only one, or to merge areas of the 

same follicles that were incorrectly identified as being different follicles (Figure 3A and 3D). Additionally, 

there are two functions that interfere with the automatic identification of follicles: ‘separation’ and 

‘growth’. Increasing the ‘separation’ will reduce the problem of merging different follicles, while increasing 

‘growth’ function will try to correct when part of the fluid of the follicles are not being included.  
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 SonoAVC might reduce the time for counting the follicles when compared to manual counting, 

particularly when there are several follicles, 73. Other advantages of SonoAVC are to permit using the 

volume-based diameter instead of an average of two/three diameters, reducing the variability of 

measurements in non-spherical follicles and it avoids double-counting the same follicle 12. The main 

limitation of SonoAVC is that the initial evaluation is frequently not perfect and extra training is necessary 

to be able to deal with all the potential problems 25 60, 74 and this manual correction is very time-consuming 

35. Additionally, unware observers might incorrectly report the initial number of follicles, without checking 

whether the count was accurate. Recently, GE released SonoAVC antral, that count the number of follicles 

of pre-specified range of sizes (e.g. 2-5 mm, 6-7mm, and 8-10 mm), making all the follicles of certain 

diameter of the same color (Figure 4). Compared with the traditional SonoAVC follicle, the SonoAVC antral 

facilitates the visualization/interpretation of an unstimulated ovary and also the counting of follicles of 

specific size. 

 

Suggestion for a standardized report 

- Identify the day of the cycle and whether the woman is using of hormones (particularly oral 

contraceptive pills). 

- Report the number of follicles with diameter between 2-10 mm in each ovary and also the sum of 

follicles considering both ovaries. 

- Identify which technique was used for the evaluation (e.g. real-time 2D ultrasound, assessing cine-

loops, 3D ultrasound, SonoAVC follicle) and specify the maximum frequency of the probe. 

- The presence of a dominant follicle, cyst or tumor must be described. 

- Comment on the accessibility of each ovary for transvaginal egg collection (e.g. some ovaries are 
fixed to the posterior serosa of the uterus or placed more cranially than usual, resulting in a more 
difficult/risky transvaginal puncture). 
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- A suggestion on how to interpret the ovarian follicle count in gynecological practice and fertility centers 

is presented in Table 2 5.  

In the exam report, a comment on how to interpret AFC can be added if necessary, explaining that 

ovarian reserve tests do not predict failure to conceive naturally 10, 55.  

 

 

Recommendations for future research and final considerations 

There is no consensus on the best US technique used to perform follicle count. Future research should 

include the development of reproducibility studies that consider the effect of the acquisition of the 3D 

datasets stored for later evaluation and interpretation. In many of the available studies 35, 59, 72, 75-78, 57, 79, 

the acquisition of the dataset is made only once, and then the data is analyzed by more than one observer 

to evaluate inter-observer reliability of reading the same pre-acquired data-set. Since there are intrinsic 

sources of variability related to the acquisition, including pressure, interposition of bowel or not, machine 

settings used to maximize the contrast, new studies should assess different data-sets, preferentially 

acquired a few minutes apart by different observers. 

This consensus has several limitations that should be considered. Due to the scarcity of studies, most of 

the recommendations are based on experts’ opinion rather than evidence-based. There are several ways 

to count ovarian follicles, and although reducing the dependence of the observer is desirable, we believe 

the process will always depend on the operator skills. Proper adjustment of the machine settings and 

pattern recognition are also crucial for an accurate count. Additionally, some will argue that Delphi methods 

or Delphi like methods are considered more reliable, but the results also depend on the participants and 

would also suffer from the absence of robust evidence to guide choices 80.  

All the currently available methods have limitations and advantages and suffer influence of the operator 

preference or skills. Despite the appealing trend of semi-automatic follicle counting, the process still needs 
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improvement and should be properly tested to evaluate whether it is able to save time, reduce inter-

observer variability and provide a more accurate count. Additionally, studies aiming to assess how many 

exams are necessary before achieving competence with each technique are required. Because of the 

limitations of the semi-automated technique, particularly the risk of unaware observers reporting a totally 

wrong number of follicles, we suggest using manual counting of follicles on clinical practice using any of the 

following techniques: real-time ultrasound, pre-acquired cine loops, or 3D data-sets. 
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Figure Legend 

 

Figure 1 Ultrasound images of an ovary with several follicles: A: 2D US without harmonics; B: 2D US with 

harmonics; C: multiplanar view without VCI; D: 3D inversion mode; E: multiplanar view with VCI; F: 

SonoAVC 

 

Figure 2 Ultrasound images of an ovary with a few follicles: A: 2D US without harmonics; B: 2D US with 

harmonics; C: multiplanar view without VCI; D: 3D inversion mode; E: multiplanar view with VCI; F: 

SonoAVC 

 

Figure 3: Some problems when measuring follicles using SonoAVC technique: orange arrows show a 

coalescence of follicles and extra-ovarian tissue that were incorrectly identified as being only one follicle; 

yellow arrows show some follicles that were not included in the count.  

 

Figure 4 Follicles of the same size range are shown with the same color and are counted automatically 

with SonoAVC antral. 
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Table 1 Ultrasound techniques for counting ovarian follicles 

Technique Characteristics 

Real-time 2D 

ultrasound 

- Standard use in routine clinical practice  

- Relatively quick  

- Permit to assess whether the structures “slide” by applying pressure, allowing to 

discern intra to para-ovarian structures 

- Permit to apply Doppler ultrasound which might be useful when there is doubt 

when a structure is a follicle or a vessel 

- Longer scan time 

- Doesn’t permit offline analysis, which is useful for training, to solve doubts, and for 

audit 

Cine loop 2D 

ultrasound 

- Same characteristics of Real-time 2D US 

- Reduce the scan time 

- Allow offline analysis  

3D manual 

mode 

- Better reproducibility when compared with 2D methods  

- Requires specific-trained sonologists and ultrasound systems: less available and 

more expensive 

- Allows the use of rendering mode with thin slice, that enhances the contrast 

making follicles easier to be identified 

- Inversion mode allows complete view of all the follicles within the volume, but 

requires specific-trained sonologists and ultrasound systems (less available and 

more expensive) 

SonoAVC - Semi-automatic method 

- The program counts and measures all the follicles 

- Frequently requires manual post-processing to correct some problems: e.g. 

include follicles that have not been identified; exclude extra-ovarian structures 

tissue that has been incorrectly identified as follicles; separate follicles that have 

been incorrectly identified as being only one. 

- Requires specific-trained sonologists and ultrasound systems: less available and 

more expensive 

2D: Two dimensional; 3D = Three dimensional; SonoAVC: Sonography-based Automated Volume 
Calculation  
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Table 2 Suggestion of how to interpret the follicle count in general gynecological practice and before 

ovarian stimulation in fertility centers. 

Nomenclature FNPO Interpretation on clinical practice 

Oligofollicular or low follicle count 1-3 Low ovarian reserve and increased risk of 

menopause in the next 7 years* 

Normofollicular or normal follicular 

count 

4-24 Normal aspect of the ovary for women during 

the reproductive age 

Multifollicular or high follicle count ≥25 High risk of hyperandrogenism 

Nomenclature Total AFC Interpretation for ovarian stimulation 

Very low functional ovarian reserve 

or very small number of recruitable 

follicles 

0-4 Very high risk of poor response to ovarian 

stimulation, and reduced chance of pregnancy 

Low functional ovarian reserve or 

small number of recruitable follicles 

5-8 High risk of poor response to ovarian 

stimulation 

Normal functional ovarian reserve or 

normal number of recruitable 

follicles 

9-19 Expected normal response to ovarian 

stimulation 

High functional ovarian reserve or 

large number of recruitable follicles 

≥ 20 High risk of excessive ovarian response and 

OHSS 

FNPO: follicle number per ovary; consider the number of follicles of the ovary with more follicles.  

AFC: Antral follicle count = number of follicles considering both ovaries.  

OHSS: Ovarian hyperstimulation syndrome.  

* = 35% vs. 10% 7  

Adapted from Martins et al, 2014 5.  
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Figure 1 Ultrasound images of an ovary with several follicles: A: 2D US without harmonics; B: 2D US with 

harmonics; C: multiplanar view without VCI; D: 3D inversion mode; E: multiplanar view with VCI; F: 

SonoAVC 
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Figure 2 Ultrasound images of an ovary with a few follicles: A: 2D US without harmonics; B: 2D US with 

harmonics; C: multiplanar view without VCI; D: 3D inversion mode; E: multiplanar view with VCI; F: 

SonoAVC 
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Figure 3: Some problems when measuring follicles using SonoAVC technique: orange arrows show a 

coalescence of follicles and extra-ovarian tissue that were incorrectly identified as being only one follicle; 

yellow arrows show some follicles that were not included in the count.  
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Figure 4 Follicles of the same size range are shown with the same color and are counted automatically 

with SonoAVC antral. 

 

 

This article is protected by copyright. All rights reserved.


