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INTRODUCTION

Transvaginal ultrasound associated with a two dimensional (2D) Doppler study is a useful tool in reproductive medicine, particularly in hormone stimulation cycles with intrauterine insemination (IUI), both for the diagnosis of associated organic pathologies and quantification of the ovarian follicle reserve. Also it may be helpful to follow-up the natural or stimulated ovarian cycle.

Sonographic diagnosis of follicle maturity and favorable pregnancy prognosis

are challenges for the gynecologist 1,2 , and many studies have tried to determine these tests accurately [3][4][5][6] . Nowadays, thanks to the 2D sonogram and Power Doppler (PD), follicle maturity diagnosis is very reliable. However, there are several cases of patients undergoing induced ovulation cycles who, in spite of having adequate sonographically controlled cycles, cannot achieve pregnancy.

Three-dimensional (3D) ultrasound with the VOCAL program (Virtual Organ

Computer Aided anaLysis) (GE Healthcare, New Jersey, USA) allows an accurate calculation with high reproducibility of the volume of any pelvic organ 7 . Moreover, thanks to the histogram function where the information registered by 3D PD is turned into vascularization indexes, total vascularization of such organ can be approximately quantified. These two characteristics might be very useful in reproductive medicine, providing the clinician with the necessary data to improve patient treatment. Several reports using 3D ultrasound and 3D PD angiography to study the ovarian reserve, and the response to ovarian stimulation, have been published in the past few years with the aim of identifying sonographic markers for ovarian response, and the quality of follicles, oocytes, and embryos. Some studies suggest a relationship between increased follicular and subfollicular vascularization, measured by 2D and 3D F o r P e e r R e v i e w 4 sonography, and higher production of mature oocytes with higher fertilization rates in IUI 6,8 . Moreover, follicular volume measured by 3D sonography may be considered a predictive factor for in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) outcome [9][10][11] .

Our hypothesis is that the vascularization of the periovulatory follicle in patients undergoing intrauterine insemination could help to predict success in achieving pregnancy. Therefore, the aim of our study is to evaluate the relationship between volume and vascularization of the periovulatory follicle and subfollicular area measured by 3D PD ultrasound, as well as ovulation and pregnancy in patients undergoing intrauterine insemination.

MATERIALS AND METHODS

After approval of the Institutional Review Board, we performed a prospective observational study in a hospital-based concurrent cohort of 61 women, which were undergoing a total of 79 cycles of homologous intrauterine insemination with induced ovulation, from March 2005 to January 2006. Our patients were followed up at the Fertility Department of Santa Cristina University Hospital in Madrid.

The inclusion criteria were the following: primary or secondary sterility of at least a year of development. We used the American Society of Reproductive Medicine (ASRM) sterility definition: Incapability to conceive after one year of sexual intercourse without contraception; older than 18 and equal or younger than 40 years old; absence of pathologies; sperm count higher than three million in sterility of male origin; tubal permeability of at least one of the tubes confirmed by hysterosalpingography (HSG) or laparoscopy with chromoperturbation (intrauterine We carried out the intrauterine insemination in our Fertility Clinic using the next technique: the patients were laying in the lithotomy position; then, the washed semen was placed inside the uterine cavity using a semi-rigid cannula of 1.5 mm in diameter, introducing the cannula through the cervical channel up to 1 cm from the bottom of the uterus. The IUI was performed with capacited sperm using the swimup technique (it selects the most mobile spermatozoids of the sample) 36 hours after hCG administration. After insemination, the patients remained in a supine position for 10-15 minutes.

No cycle was cancelled because of low or high follicular response, and none of the patients withdrew voluntarily. All patients signed a written informed consent to be included in the study.

To proceed with our study, we performed the following tests on all of our patients: baseline hormonal tests from peripheral blood on the third day of the cycle, 2D ultrasound controls to follow follicle growth every 48 hours, 2D and 3D sonograms and a 2D and 3D PD angiography on the day of hCG administration, as well as hormonal tests from peripheral blood. Besides, detection of hormones in the mesoluteal phase, by means of peripheral blood sampling in day 20-21 of the cycle, was performed.

Ovulation was defined as the presence of a progesterone concentration greater than 10 pg/cc in the mesoluteal phase. We diagnosed pregnancy just after sonographic confirmation to avoid biochemical pregnancies. The volumes stored were later studied on a computer with the VOCAL imaging software (GE Healthcare, New Jersey, USA). Using the manual mode, and following the procedure described by Merce et al. 7 , the volumes were defined starting from plane A with a 15º rotation step (a total of 12 sections for each ovary). Once the follicle contour was determined, the VOCAL program automatically calculated the follicular volume.

Follicle PD signal was quantified by a histogram function that generates three vascularity indexes, as originally described by Pairleitner et al. 12 , or 3D PD. The vascularity index (VI) measures the number of color voxels in the studied volume, representing this way the vessels in the tissue and expressing it as a percentage.

The flow index (FI) is the average value of the color in all the color voxels, which Once the volume and the follicle flow indexes were evaluated, an automatically computer generated 2 mm shell of ovarian tissue external to the follicles was utilized to assess subfollicular vascularization (Figure 1).

The statistical study was performed using the SPSS software (13.0 version, SPSS Inc, Chicago, IL, USA). We expressed the continuous variables in terms of mean, standard deviation, and range. The variables were analyzed comparing their means with the T test, considering statistically significant a p value under 0.05.

Normal distribution of the data was assessed by the Kolmogorov-Smirnov test.

RESULTS

The global average age of the patients at the moment of their inclusion in the study was 33 ± 3.6 years. The most frequent infertility etiology in the cohort was the ovulatory factor (29/79, 36.7%). The second cause was the male factor (21/79, 26.6%), followed by unknown etiology (11/79, 13.9%), endocrine factor (9/79, 11.4%), tubal factor (7/79, 8.9%), and edometriosis (2/79, 2.5%).

We used an average dose of gonadotropin of 617 ± 243 IU. We obtained a total of 9 pregnancies in the 79 cycles, which means a pregnancy rate of 11.4%.

The average follicle volume was 5 ± 4.2 cc. The follicular vascular parameters were: Mean VI = 0.6 ± 0.7%; FI = 25 ± 9.2; and VFI = 0.2 ± 0. The ovulation rate was 83.5% (66/79 cycles). The volume of the periovulatory follicle was significantly lower in those cases where ovulation was achieved (4.1 ± 1.9 cc compared to 7.7 ± 3.7 cc in those cases where ovulation was not possible; p<0.001). There were not statistically significant differences between the follicular volumes of those women who conceived and those who did not (5.5 ± 3.9 cc vs. 5.0 ± 4.2 cc, respectively).

There was neither a statistically significant difference between the follicular vascular indexes in patients with ovulation vs. those without ovulation, nor between gestating vs. non-gestating patients. Moreover, a difference in the vascular indexes of the subfollicular area between the patients who ovulated and those who did not, could not be demonstrated (Table 1). However, the patients who became pregnant showed subfollicular VI and VFI significantly lower than those who did not gestate (2.9 + 2.3 vs. 5.6 + 4.6; p<0.01; and 1.1 + 0.9 vs. 2.2 + 2.2, p<0.01, respectively, Table 1).

DISCUSSION

Transvaginal ultrasound is an essential tool to follow up the follicle growth in cycles of ovarian stimulation. Ideally, it is not only used to decide the best moment to induce ovulation and perform IUI, but also to accurately predict the real likelihood of ovulation and pregnancy, and in the diagnosis of follicle quality.

Until recently, such follicle quality prognosis was made by estradiol determinations, and especially using 2D transvaginal ultrasounds wherein follicle The idea for the present study came up when we learned that 3D measures and 3D PD plus the VOCAL program, applied to the periovulatory study, could actually provide some additional information about ovarian stimulation cycles and IUI.

The objective of our study was to clarify the value of 3D ultrasound and 3D PD on determining follicle quality.

The first parameter we considered was follicle volume. Regarding this parameter, we observed increased follicle volumes in patients who did not ovulate.

This could be explained by the presence of early ovulation or anaovulation in these cycles, which would result in the formation of large luteal bodies that might be mistaken for periovulatory follicles 13 .

With regards to pregnancy in our cohort, patients who became pregnant and non-gestating patients showed very similar follicle volumes. In IVF cycles, Mercé 11 found that follicle volume and the number of follicles were the only independent predictive factors for the number of collected mature and fertilized oocites, and for the number of developing embryos as well as embryo quality. However Mercé did not find any relationship between follicle volume and pregnancies. It would be more useful to establish a cut-off point of follicle volume to determine follicular maturity in IUI cycles, such as the one Wittmaack FM et al. 14 established in IVF cycles.

Follicle vascular indexes did not differ between ovulating and non-ovulating patients. Therefore, we can say that 3D PD application on the day of hCG administration cannot predict which follicles will ovulate. Thus, 3D PD seems to be a poor marker for follicle maturity. In a similar study, but applied to IVF cycles, Vlaisavljevic [START_REF] Vlaisavljevic | Measurement of perifolicular blood flow of the dominant preovulatory follicle using three dimensional power Doppler[END_REF] studied follicular and perifollicular vascularization (5-mm perifollicular tissue capsule) and its influence on the process of IVF cycles. Similarly, Vlaisavljevic could not find any statistically significant difference either between the vascular indexes of those periovulatory follicles that resulted in pregnancy and those of non-gestating patients.

Nevertheless, we did observe that the perifollicular indexes on hCG administration day were significantly lower in gestating patients (subfollicular VI: 2.9 + 2.3 vs. 5.6 + 4.6; p<0.01; and subfollicular VFI: 1.1 + 0.1 vs. 2.2 + 2.2, p< 0,01, respectively).

Again our results agree with those of Vlaisavljevic [START_REF] Vlaisavljevic | Measurement of perifolicular blood flow of the dominant preovulatory follicle using three dimensional power Doppler[END_REF] , since he observed that subcapsular vascularization was lower in those cycles where implantation occurred (20.7 + 10.1 vs. 39.8 + 20.2; p>0.05, no statistically significant). It seems like a contradiction that the lower the perfusion is, the higher the possibilities of conceiving.

Moreover, if we consider that the response to ovarian stimulation is better in women with higher stromal flow [START_REF] Pan | Quantification of ovarian stromal Doppler signals in poor responders undergoing in vitro fertilization with threedimensional power Doppler ultrasonography[END_REF]17 . It seems that there may be an optimal subfollicular vascularization cut-point, so lower values might be associated with a lower response, and higher values with an excessive response that could result in ovarian hyperstimulation. Intermediate values might be associated with an adequate response. There is still a need to determine the range for the most favorable values or an accurate cut-point to achieve pregnancy.

Although the number of cases in this study is limited (79 cycles), we have observed some interesting data, and maybe conducting larger studies we could find more interesting associations between follicular vascular indexes and outcomes after In summary, the measurement of 3D PD subfollicular indexes on the day of hCG administration, by the VOCAL software, seems to establish a group of patients with lower vascularization at this level that may be more likely to become pregnant.

However, the use of follicle volume as a marker for follicle maturity seems to be limited, except to determine in some cases which patients are having an anovulatory cycle or an ovulation previous to the IUI.

Finally, we would like to outline that our study, together with many others, may constitute the first step to underline all the possibilities of 3D ultrasound and 3D PD, and their application to the daily clinical practice, especially in the field of reproductive medicine. Further studies should be focused on the establishment of precise cut-off points, especially for the study of subfollicular vascularization values. Results: The follicular volume was higher in anovulatory cycles (7.7 ± 3.7 cc vs. 4.1 ± 1.9 cc; p<0.001). There was no difference between the follicular volumes in cycles with or without pregnancy. The vascular indexes of the follicle did not differ between ovulatory and anovulatory cycles, and between cycles that did and did not achieve pregnancy. Periovulatory subfollicular VI and VFI were lower in pregnant women cycles (VI: 2.9 ± 2.3% vs. 5.6 ± 4.6%; p< 0.01, and VFI: 1.1 ± 0.9 vs. 2.2 ± 2.2; p< 0.01).

Conclusions: High values of follicular volume could be predictive for anovulatory cycles. Subfollicular VI and VFI could be used as markers of follicular quality and pregnancy prognosis. sonography, and higher production of mature oocytes with higher fertilization rates in IUI 6,8 . Moreover, follicular volume measured by 3D sonography may be considered an independent factor for in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) outcome [9][10][11] .

Our hypothesis is that the vascularisation of the periovulatory follicle in patients undergoing intrauterine insemination could help to predict success in achieving pregnancy. Therefore, the aim of our study is to evaluate the relationship between volume and vascularisation of the periovulatory follicle and subfollicular area measured by 3D PD ultrasound, as well as ovulation and pregnancy in patients undergoing intrauterine insemination. We carried out the intrauterine insemination in our Fertility Clinic using the next technique: the patients were laying in the lithotomy position; then, the washed semen was placed inside the uterine cavity using a semi-rigid cannula of 1.5 mm in diameter, We always tried to make this process less upsetting for the patients and we introduced the cannula through the cervical channel without its tip touching the bottom of the uterus. After insemination, the patients remained in a supine position for some minutes.introducing the cannula through the cervical channel up to 1 cm from the bottom of the uterus. The IUI was performed with capacited sperm using the swim-up technique (it selects the most mobile spermatozoids of the sample) 36 hours after hCG administration. After insemination, the patients remained in a supine position for 10-15 minutes.

MATERIALS AND METHODS

After approval of the

No cycle was cancelled because of low or high follicular response, and none of the patients withdrew voluntarily. All patients signed a written informed consent to be included in the study.

To proceed with our study, we performed the following tests on all of our patients: baseline hormonal tests from peripheral blood on the third day of the cycle, The volumes stored were later studied on a computer with the VOCAL imaging software (GE Healthcare, New Jersey, USA). Using the manual mode, and following the procedure described by Merce et al. 7 , the volumes were defined starting from plane A with a 15º rotation step (a total of 12 sections for each ovary). Once the follicle contour was determined, the VOCAL program automatically calculated the follicular volume.

Follicle PD signal was quantified by a histogram function that generates three vascularity indexes, as originally described by Pairleitner et al. 12 , or 3D PD. The The flow index (FI) is the average value of the colour in all the colour voxels, which represents the mean intensity of the flow in a scale between 0 and 100. The vascular flow index (VFI) integrates both vascularisation and blood flow (tissue's perfusion) and is expressed as a number ranging from 0 to 100 as well.

Once the volume and the follicle flow indexes were evaluated, an automatically computer generated 2 mm shell of ovarian tissue external to the follicles was utilized to assess subfollicular vascularization (Figure 1).

The statistical study was performed using the SPSS software (13.0 version, SPSS Inc, Chicago, IL, USA). We expressed the continuous variables in terms of mean, standard deviation, and range. The variables were analyzed comparing their means with the T test, considering statistically significant a p value under 0.05.

Normal distribution of the data was assessed by the Kolmogorov-Smirnov test.

RESULTS

The global average age of the patients at the moment of their inclusion in the study was 33 ± 3.6 years. The most frequent infertility etiology in the cohort was the ovulatory factor (29/79, 36.7%). The second cause was the male factor (21/79, 26.6%), followed by unknown etiology (11/79, 13.9%), endocrine factor (9/79, 11.4%), tubal factor (7/79, 8.9%), and edometriosis (2/79, 2.5%).

We used an average dose of gonadotropin of 617 ± 243 IU. We obtained a total of 9 pregnancies in the 79 cycles, which means a pregnancy rate of 11.4%. The ovulation rate was 83.5% (66/79 cycles). The volume of the periovulatory follicle was significantly lower in those cases where ovulation was achieved (4.1 ± 1.9 cc compared to 7.7 ± 3.7 cc in those cases where ovulation was not possible; p<0.001). There were not statistically significant differences between the follicular volumes of those women who conceived and those who did not (5.5 ± 3.9 cc vs. 5.0 ± 4.2 cc, respectively).

There was neither a statistically significant difference between the follicular vascular indexes in patients with ovulation vs. those without ovulation, nor between gestating vs. non-gestating patients. Moreover, a difference in the vascular indexes of the subfollicular area between the patients who ovulated and those who did not, could not be demonstrated (Table 1). However, the patients who became pregnant showed subfollicular VI and VFI significantly lower than those who did not gestate (2.9 + 2.3 vs. 5.6 + 4.6; p<0.01; and 1.1 + 0.9 vs. 2.2 + 2.2, p<0.01, respectively, Table 1).

DISCUSSION

Transvaginal ultrasound is an essential tool to follow up the follicle growth in cycles of ovarian stimulation. Ideally, it is not only used to decide the best moment to induce ovulation and perform IUI, but also to accurately predict the real likelihood of ovulation and pregnancy, and in the diagnosis of follicle quality. The idea for the present study came up when we learned that 3D measures and 3D PD plus the VOCAL program, applied to the periovulatory study, could actually provide some additional information about ovarian stimulation cycles and IUI.

The objective of our study was to clarify the value of 3D ultrasound and 3D PD on determining follicle quality.

The first parameter we considered was follicle volume. Regarding this parameter, we observed increased follicle volumes in patients who did not ovulate.

This could be explained by the presence of early ovulation or anaovulation in these cycles, which would result in the formation of large luteal bodies that might be mistaken for periovulatory follicles 13 .

With regards to pregnancy in our cohort, patients who became pregnant and non-gestating patients showed very similar follicle volumes. In IVF cycles, Mercé 11 found that follicle volume and the number of follicles were the only independent predictive factors for the number of collected mature and fertilized oocites, and for the number of developing embryos as well as embryo quality. However Mercé did not find any relationship between follicle volume and pregnancies. It would be more useful to establish a cut-off point of follicle volume to determine follicular maturity in IUI cycles, such as the one Wittmaack FM et al. 14 established in IVF cycles with follicles between 1 and 7 mL 13 . It is necessary to outline that the analysis of the number of pregnancies in each studied parameter must be carefully considered as infertility of a male factor that can bias the results somehow. patients. Therefore, we can say that 3D PD application on the day of hCG administration cannot predict which follicles will ovulate. Thus, 3D PD seems to be a poor marker for follicle maturity.

Regarding follicle vascular indexes measured by 3D PD, we did not find either any statistically significant difference between gestating and non-gestating patients.

In a similar study, but applied to IVF cycles, Vlaisavljevic [START_REF] Vlaisavljevic | Measurement of perifolicular blood flow of the dominant preovulatory follicle using three dimensional power Doppler[END_REF] studied follicular and perifollicular vascularization (5-mm perifollicular tissue capsule) and its influence on the process of IVF cycles. Similarly, Vlaisavljevic could not find any statistically significant difference either between the vascular indexes of those periovulatory follicles that resulted in pregnancy and those of non-gestating patients.

Nevertheless, we did observe that the perifollicular indexes on hCG administration day were significantly lower in gestating patients (subfollicular VI: 2.9 + 2.3 vs. 5.6 + 4.6; p<0.01; and subfollicular VFI: 1.1 + 0.1 vs. 2.2 + 2.2, p< 0,01, respectively).

Again our results agree with those of Vlaisavljevic [START_REF] Vlaisavljevic | Measurement of perifolicular blood flow of the dominant preovulatory follicle using three dimensional power Doppler[END_REF] , since he observed that subcapsular vascularization was lower in those cycles where implantation occurred (20.7 + 10.1 vs. 39.8 + 20.2; p>0.05, no statistically significant). It seems like a contradiction that the lower the perfusion is, the higher the possibilities of conceiving.

Moreover, if we consider that the response to ovarian stimulation is better in women with higher stromal flow [START_REF] Pan | Quantification of ovarian stromal Doppler signals in poor responders undergoing in vitro fertilization with threedimensional power Doppler ultrasonography[END_REF]17 . It seems that there may be an optimal subfollicular vascularization cut-point, so lower values might be associated with a lower response, and higher values with an excessive response that could result in ovarian hyperstimulation. Intermediate values might be associated with an adequate Although the number of cases in this study is limited (79 cycles), we have observed some interesting data, and maybe conducting larger studies we could find more interesting associations between follicular vascular indexes and outcomes after IUI. Besides, we have carried out an observational study, which could never provide the same evidence as a clinical trial. Thus, we are considering a clinical trial as the next step forward to answer these questions.

In summary, the measurement of 3D PD subfollicular indexes on the day of hCG administration, by the VOCAL software, seems to establish a group of patients with lower vascularization at this level that may be more likely to become pregnant.

However, the use of follicle volume as a marker for follicle maturity seems to be limited, except to determine in some cases which patients are having an anovulatory cycle or an ovulation previous to the IUI.

Finally, we would like to outline that our study, together with many others, may constitute the first step to underline all the possibilities of 3D ultrasound and 3D PD, and their application to the daily clinical practice, especially in the field of reproductive medicine. Further studies should be focused on the establishment of precise cut-off points, especially for the study of subfollicular vascularization values. "As a matter of fact, over last years, there have been several reports using 3D ultrasound and 3D power Doppler angiography on the study of the ovarian reserve and on the response to ovarian stimulation with the aim of searching sonographic markers for ovarian response, follicle quality and oocite and embryo quality." Please change to … "Several reports using 3D ultrasound and 3D power Doppler angiography to study the ovarian reserve and the response to ovarian stimulation, have been published in the past few years, with the aim of identifying sonographic markers for ovarian response, and quality of follicles, oocytes and embryos." Changed in text.

F

Page 4:

"…as well as ovulation and pregnancy in patients underwent intrauterine insemination." Please change "underwent" to "undergoing". Changed in text.

MATERIALS AND METHODS:

Page 6: "The patients lay in the lithotomy position. Afterwards the washed semen was placed inside the uterine cavity using a semi-rigid cannula of 1,5 mm diameter. We always tried to make this process less upsetting for the patients and we introduced the cannula through the cervical channel without its tip touching the bottom of the uterus. After insemination, the patients remained in a supine position for some minutes." Please eliminate this paragraph. We eliminated half of this paragraph "No cycle was cancelled because of low or high response, and there was not any patient voluntary give up." Please change to "No cycle was cancelled because of low or high follicular response, and none of the patients withdrew voluntarily." Changed in text.

Please change "periferic" to "peripheral" Changed in text.

Page 7: "….those which had been sonographically detected to avoid biochemistry pregnancies." Please change to ""….those which had been sonographically detected to avoid biochemical pregnancies." Changed in text.

RESULTS:

Page 11: "…these cycles which would result in the formation of large luteal bodies that might be mistaken by periovulatory follicles" Please change to "…these cycles which would result in the formation of large luteal bodies that might be mistaken for periovulatory follicles" Changed in text.

"It is necessary to outline that the analysis of the number of pregnancies in each studied parameter must be carefully considered as infertility of a male factor that can bias the results somehow. "What is more likely is the fact that there is an optimal subfollicular vascularization spot, so lower values are associated with a low response, higher values with an excessive response resulting in ovarian hyperstimulation and intermediate values with an adequate response. There is still a need to determine the range of the most favorable values to achieve pregnancy." Please explain what you mean by "optimal subfollicular vascularization spot", is it a number, a value, or a range? This paragraph has been rewritten and changed to "It seems that there may be an optimal subfollicular vascularization cut-point, so lower values might be associated with a lower response, and higher values with an excessive response that could result in ovarian hyperstimulation. Intermediate values might be associated with an adequate response. There is still a need to determine the range for the most favorable values or an accurate cut-point to achieve pregnancy". 

  dye while checking laparoscopically if the dye reaches the abdominal cavity through the tubes). Infertile women included: patients with endometriosis grade I or II of the ASRM, ovulation disorders included in group II of the World Health Organization (WHO) classification, unilateral tubal factor, and unknown etiology. Women undergoing IUI (N = 79 cycles) received a protocol of ovarian stimulation with a subcutaneous recombinant FSH injection (Puregon, Organon Española S.A., Barcelona, Spain; Gonal, Merk-Serono Laboratories SA, Madrid, Spain). Ovarian stimulation was initiated on the third day of the cycle and the initial doses of FSH initially prescribed for each patient varied depending on patient age, baseline FSH concentration, and on the baseline antral follicle number shown in the baseline ultrasound, which had been performed on the first visit of each patient to our Fertility Clinic. The initial treatment protocols are described below, and they have been classified in treatments prescribed for low-responder patients, normoresponder patients and high-responder patients. Protocol 1 (normoresponders): patients younger than 35 years with an antral follicle count from 5 to 15 and normal FSH. Initial gonadotropin average daily dose of 50 IU; Protocol 2 (low-responders): patients older than 35 years and/or with an antral follicle count of fewer than 5 and/or FSH at the limit of normality. Initial gonadotropin average daily dose of 75 IU; Protocol 3 (high-responders): patients younger than 35 years, with an antral follicle count of more than 15 and normal FSH. Initial gonadotropin average daily dose of 25 IU.FSH doses were adjusted depending on the follicle response, which was controlled by sonographic exploration every 48 hours. When the diameter of one to was ≥ 18 mm, ovulation was induced by recombinant hCG (Ovitrelle, Serono SA Laboratorios, Spain) with a single subcutaneous injection of 250 micrograms.

  were performed by a single observer on the day of recombinant hCG administration. All patients were explored in the supine position with a VOLUSON 730 ultrasound scanner (GE Healthcare, New Jersey, USA) equipped with a multifrequency vaginal probe 3-9 MHz and 145º-angled view. First, we proceeded to a gray-scale exploration of the uterus and ovaries. The Power Doppler settings were: pulse repetition frequency (PRF) of 600 Hz and a wall motion filter of 50 Hz. The PD window was placed over the maximum longitudinal diameter of the ovary acquiring the whole follicle volume and angiography, always ensuring that an adequate artifact-free color signal was obtained. If more than one periovulatory follicle was present in a single cycle, an average of the measurements was calculated. The angle of the volumetric section was preselected at 90° and acquisition was done with an intermediate quality. The time of volume acquisition varied between 15 and 20 seconds. All patients were asked to remain still. Any movement of the probe was avoided during acquisition time.

  intensity of the flow in a scale between 0 and 100. The vascular flow index (VFI) integrates both vascularization and blood flow (tissue's perfusion) and is expressed as a number ranging from 0 to 100 as well.

  3. The subfollicular vascular parameters were: Mean VI = 5.3 ± 4.4%, FI = 34.3 ± 11.2; and VFI = 2.1 ± 2.1.

  were assessed, as well as follicular and perifollicular vascularization in 2D4,5 .

  indexes measured by 3D PD, we did not find either any statistically significant difference between gestating and non-gestating patients.

  , we have carried out an observational study, which could never provide the same evidence as a clinical trial. Thus, we are considering a clinical trial as the next step forward to answer these questions.

  IY, Sladkevicius P, Kellly S et al. Quantification of ovarian power Doppler signal with three-dimensional ultrasonography to predict response during in vitro fertilization. Obstet Gynecol 2003; 102: 816-822.

Figure 1 :

 1 Figure 1: Follicular volume measured with a 3D ultrasound scanner in a patient

Figure 1 : 1 TITLE:

 11 Figure 1: Follicular volume measured with a 3D ultrasound scanner in a patient undergoing intrauterine insemination (left hand side). Subfollicular shell external to the follicular volume (2 mm) automatically generated (right hand side).

INTRODUCTION

  Transvaginal ultrasound associated with a two dimensional (2D) Doppler study is a useful tool in reproductive medicine, particularly in hormone stimulation cycles with intrauterine insemination (IUI), both for the diagnosis of associated organic pathologies and quantification of the ovarian follicle reserve. Also it may be helpful to follow-up the natural or stimulated ovarian cycle.Sonographic diagnosis of follicle maturity and favorable pregnancy prognosisare challenges for the gynecologist1,2 , and many studies have tried to determine these tests accurately[3][4][5][6] . Nowadays, thanks to the 2D sonogram and Power Doppler (PD), follicle maturity diagnosis is very reliable. However, there are several cases of patients undergoing induced ovulation cycles who, in spite of having adequate sonographically controlled cycles, cannot achieve pregnancy.Three-dimensional (3D) ultrasound with the VOCAL program (Virtual OrganComputer Aided anaLysis) (GE Healthcare, New Jersey, USA) allows an accurate calculation with high reproducibility of the volume of any pelvic organ7 . Moreover, thanks to the histogram function where the information registered by 3D PD is turned into vascularisation indexes, total vascularisation of such organ can be approximately quantified. These two characteristics might be very useful in reproductive medicine, providing the clinician with the necessary data to improve patient treatment. Several reports using 3D ultrasound and 3D PD angiography to study the ovarian reserve, and the response to ovarian stimulation, have been published in the past few years with the aim of identifying sonographic markers for ovarian response, and the quality of follicles, oocytes, and embryos. Some studies suggest a relationship between increased follicular and subfollicular vascularisation, measured by 2D and 3D

  Institutional Review Board, we performed a prospective observational study in a hospital-based concurrent cohort of 61 women, which were undergoing a total of 79 cycles of homologous intrauterine insemination with induced ovulation, from March 2005 to January 2006. Our patients were followed up at the Fertility Department of Santa Cristina University Hospital in Madrid.The inclusion criteria were the following: primary or secondary sterility of at least a year of development. We used the American Society of Reproductive Medicine (ASRM) sterility definition: Incapability to conceive after one year of sexual intercourse without contraception; older than 18 and equal or younger than 40 years old; absence of pathologies; sperm count higher than three million in sterility of male origin; tubal permeability of at least one of the tubes confirmed by hysterosalpingography (HSG) or laparoscopy with chromoperturbation (intrauterine dye while checking laparoscopically if the dye reaches the abdominal cavity through the tubes). Infertile women included: patients with endometriosis grade I or II of the ASRM, ovulation disorders included in group II of the World Health Organization (WHO) classification, unilateral tubal factor, and unknown etiology. Women undergoing IUI (N = 79 cycles) received a protocol of ovarian stimulation with a subcutaneous recombinant FSH injection (Puregon, Organon Española S.A., Barcelona, Spain; Gonal, Merk-Serono Laboratories SA, Madrid, Spain). Ovarian stimulation was initiated on the third day of the cycle and the initial doses of FSH initially prescribed for each patient varied depending on patient age, baseline FSH concentration, and on the baseline antral follicle number shown in the baseline ultrasound, which had been performed on the first visit of each patient to our Fertility Clinic. The initial treatment protocols are described below, and they have been classified in treatments prescribed for low-responder patients, normoresponder patients and high-responder patients. Protocol 1 (normoresponders): patients younger than 35 years with an antral follicle count from 5 to 15 and normal FSH. Initial gonadotropin average daily dose of 50 IU; Protocol 2 (low-responders): patients older than 35 years and/or with an antral follicle count of fewer than 5 and/or FSH at the limit of normality. Initial gonadotropin average daily dose of 75 IU; Protocol 3 (high-responders): patients younger than 35 years, with an antral follicle count of more than 15 and normal FSH. Initial gonadotropin average daily dose of 25 IU.FSH doses were adjusted depending on the follicle response, which was controlled by sonographic exploration every 48 hours. When the diameter of one to ≥ 18 mm, ovulation was induced by recombinant hCG (Ovitrelle, Serono SA Laboratorios, Spain) with a single subcutaneous injection of 250 micrograms.

2D ultrasound controls to

  follow follicle growth every 48 hours, 2D and 3D sonograms and a 2D and 3D PD angiography on the day of hCG administration, as well as hormonal tests from peripheral blood. Besides, detection of hormones in the mesoluteal phase, by means of peripheral blood sampling in day 20-21 of the cycle, was performed.

  as the presence of a progesterone concentration greater than 10 pg/cc in the mesoluteal phase. We diagnosed pregnancy just after sonographic confirmation to avoid biochemical pregnancies.All ultrasound explorations were performed by a single observer on the day of recombinant hCG administration. All patients were explored in the supine position with a VOLUSON 730 ultrasound scanner (GE Healthcare, New Jersey, USA) equipped with a multifrequency vaginal probe 3-9 MHz and 145º-angled view. First, we proceeded to a gray-scale exploration of the uterus and ovaries. The Power Doppler settings were: pulse repetition frequency (PRF) of 600 Hz and a wall motion filter of 50 Hz. The PD window was placed over the maximum longitudinal diameter of the ovary acquiring the whole follicle volume and angiography, always ensuring that an adequate artifact-free color signal was obtained. If more than one periovulatory follicle was present in a single cycle, an average of the measurements was calculated. The angle of the volumetric section was preselected at 90° and acquisition was done with an intermediate quality. The time of volume acquisition varied between 15 and 20 seconds. All patients were asked to remain still. Any movement of the probe was avoided during acquisition time.

  VI) measures the number of colour voxels in the studied volume, representing this way the vessels in the tissue and expressing it as a percentage.

  volume was 5 ± 4.2 cc. The follicular vascular parameters were: Mean VI = 0.6 ± 0.7%; FI = 25 ± 9.2; and VFI = 0.2 ± 0.3. The subfollicular vascular parameters were: Mean VI = 5.3 ± 4.4%, FI = 34.3 ± 11.2; and VFI = 2.1 ± 2.1.

  such follicle quality prognosis was made by estradiol determinations, and especially using 2D transvaginal ultrasounds wherein follicle morphology and diameter were assessed, as well as follicular and perifollicular vascularization in 2D4,5 .

11 Follicle

 11 vascular indexes did not differ between ovulating and non-ovulating

  is still a need to determine the range for the most favorable values or an accurate cut-point to achieve pregnancy.

TABLE AND FIGURE LEGENDS Table 1 :

 ANDLEGENDS1 Follicular and subfollicular 3D vascular indexes measured with the VOCAL software and grouped by ovulation and pregnancy consecution, among patients undergoing intrauterine insemination.

Table 1 :

 1 Follicular and subfollicular 3D vascular indexes measured with VOCAL software, and grouped by ovulation and pregnancy consecution, among patients undergoing intrauterine insemination.

			Mean S.D.	p
	Ovulation	NO	0.5	0.7	NS
	Follicular VI (%)	YES	0.6	0.8	
	Pregnancy	NO	0.6	0.78	NS
		YES	0.4	0.5	
	Ovulation	NO	23.6	10.3	NS
	Follicular FI	YES	25.6	8.7	
	Pregnancy	NO	25.1	9.7	NS
		YES	25.1	4.6	
	Ovulation	NO	0.2	0.2	NS
	Follicular VFI	YES	0.2	0.3	
	Pregnancy	NO	0.2	0.3	NS
		YES	0.1	0.1	
	Ovulation	NO	4.3	4.9	NS
	Subfollicular VI (%)	YES	5.4	4.3	
	Pregnancy	NO	5.6	4.6	<0.01
		YES	2.9	2.3	
	Ovulation	NO	31.5	13.5	NS
	Subfollicular FI	YES	34.9	10.8	
	Pregnancy	NO	33.9	11.9	NS
		YES	36.3	4.5	
	Ovulation	NO	1.6	1.9	NS
	Subfollicular VFI	YES	2.2	2.1	
	Pregnancy	NO	2.2	2.2	<0.01
		YES	1.1	0.8	
	S.D.: Standard deviation; VI: Vascularization index; FI: Flow index;	
	VFI: Vascularization-flow index; NS: not significant		

TABLE AND FIGURE LEGENDS Table 1 :

 ANDLEGENDS1 Follicular and subfollicular 3D vascular indexes measured with the VOCAL software and grouped by ovulation and pregnancy consecution, among patients undergoing intrauterine insemination.

	1. Introduction:
	• The objective is clear. What is the hypothesis? The vascularisation of the
	periovulatory follicle in patients undergoing intrauterine insemination could help to
	predict success in achieving pregnancy (included in text).
	2. Methods:
	• How the subfollicular area was defined and measured? An automatically computer
	generated 2 mm
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	Figure 1: Follicular volume measured with a 3D ultrasound scanner in a patient
	undergoing intrauterine insemination (left hand side). Subfollicular shell external to
	the follicular volume (2 mm) automatically generated (right hand side).

shell of ovarian tissue external to the follicles was utilized to assess subfollicular vascularization (included in text

  ) • 3D vascularization indices were originally described by Pairleitner et al in 1999 (Pairleitner H, Steiner H, Hasenoehrl G, et al. A. Three-dimensional power Doppler sonography: Imaging and quantifying blood flow and vascularization Ultrasound Obstet Gynecol 1999;14:139). Appropriate credit should be given, at least in the form of reference.

We added this reference and citation in text

  

.

3. Results:

• Number of tables could be reduced. Just one table, more complete, has been mantained 3. Discussion:

• The authors should comment on limitations of their study, particularly in respect to patient selection. Some

limitations of the study have been commented in the text.
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	REVIEWER 2 ABSTRACT: "…..ovulation and pregnancy in patients underwent intrauterine insemination." Please change to "….ovulation and pregnancy in patients undergoing intrauterine insemination." Changed in text. "There was no difference about follicular volume in cycles with or without pregnancy." R e v i e w
	Please change to "There was no difference between follicular volume in cycles with or
	without pregnancy." Changed in text.
	INTRODUCTION:
	Page 3:
	"…. in spite of having adequate sonographically controlled cycles, cannot achieve
	pregnancy." Please change to "…. in spite of having adequate sonographically
	controlled cycles, who cannot achieve pregnancy." Changed in text.

have used just VFI to indicate vascularization-flow index.

  "It would be more interesting to establish a cut-off point of the follicle volume to determine follicular maturity in HAI cycles or oocyte maturity in IVF cycles with follicles between 1 and 7 mL. Please explain. We have changed this paragraph to "It would be more useful to establish a cut-off point of follicle volume to determine follicular maturity in IUI cycles, such as the one Wittmaack FM et al.14 established in IVF cycles". "It is necessary to outline that the analysis of the number of pregnancies in each studied parameter must be carefully considered as infertility of a male factor that can bias the results somehow." Please Eliminate. Eliminated from text. Page 12 "…(subfollicular VI: 2.89+ 2.29 vs. 5.55+4.57; p=0.011 and subfollicular IVF 1.05+0.83vs. 2.23+2.18, p= 0,005 respectively) Should IVF be VFI? Yes, it should be VFI. We have changed it. (You utilize VFI and FVI to indicate vascularization-flow index. It is preferable to use only one of these two abbreviations) We
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" Please Eliminate. Eliminated from text.
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