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Abstract Background: Although widely used, the mechanisms of action of the levonorgestrel emergency contraceptive pill (LNG ECP) are still unclear. There are increasing data to indicate that LNG is particularly effective as an ECP by interrupting follicular development and ovulation. An important outstanding question is whether it has any effect on fertilization or implantation. Method: Ninety-nine women participated; they were recruited at the time they presented with a request for emergency contraception. All women took LNG 1.5 mg in a single dose during the clinic consultation. A blood sample was taken immediately prior to ingestion of the ECP for estimation of serum LH, estradiol and progesterone levels to calculate the day of ovulation. The specimens were analyzed in a single batch. Based on these endocrine data, we estimated the timing of ovulation to be within a F24-h period with an accuracy of around 80%. Women were followed up 4–6 weeks later to ascertain pregnancy status. The effectiveness of ECP when taken before and after ovulation was determined. Results: Three women became pregnant despite taking the ECP (pregnancy rate, 3.0%). All three women who became pregnant had unprotected intercourse between Days 1 and 0 and took the ECP on Day +2, based on endocrine data. Day 0 was taken as ovulation day. Among 17 women who had intercourse in the fertile period of the cycle and took the ECP after ovulation occurred (on Days +1 to +2), we could have expected three or four pregnancies; three were observed. Among 34 women who had intercourse on Days 5 to 2 of the fertile period and took ECP before or on the day of ovulation, four pregnancies could have been expected, but none were observed. We found major discrepancies between women’s self-report of stage of the cycle and the dating calculation based on endocrine data. Conclusion: These data are supportive of the concept that the LNG ECP has little or no effect on postovulation events but is highly effective when taken before ovulation. D 2007 Elsevier Inc. All rights reserved. Keywords: Emergency contraception; Pregnancies; Ovulation; Timing of intercourse; Timing of emergency contraception



1. Introduction Oral levonorgestrel (LNG) has been widely used as an emergency contraceptive pill (ECP) for many years [1]. Large studies have confirmed its high efficacy [2] if taken within 72 h of unprotected intercourse but show that it can still have some effect if taken as late as 120 h after unprotected intercourse. A single dose of 1.5 mg of LNG has the same efficacy as two 0.75-mg doses taken 12 h apart [2].
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Although widely used, the mechanisms of action of the LNG ECP are still unclear [3]. It has been postulated that it may interfere with follicular growth and function, ovulation, migration and function of spermatozoa, fertilization, implantation and endometrial function [4]. There are increasing data to indicate that LNG is particularly effective as an ECP by interrupting follicular development and ovulation [5–7]. An important outstanding question is whether it has any effect on fertilization or implantation. Recent studies in rats and cebus monkeys have convincingly demonstrated the absence of effect of high-dose LNG on postfertilization events [8,9]. Calculating the efficacy of emergency contraception (EC) is problematic as it is impossible to carry out a
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randomized placebo-controlled study. Efficacy is generally estimated by calculating the ratio of the number of observed pregnancies to the number of pregnancies expected [10]. The expected number of pregnancies is estimated by multiplying the number of treated women who had unprotected sexual intercourse on each day of the menstrual cycle by external estimates of the probability of conception resulting from unprotected sexual intercourse on that day of the cycle. The expected day of ovulation is presumed to be the 14th day before the next menses, although it has been shown that only a small percentage of women ovulate exactly 14 days before the onset of menses [11]. Hence, there are a number of assumptions that are required, which introduce considerable uncertainty into the calculations. Reliance on women’s self-report of the day of the menstrual cycle on which unprotected sexual intercourse occurred and assurance that this is the only episode of unprotected intercourse to have occurred during that cycle also make calculations of ECP efficacy unreliable [12–14]. Other unknown factors are the fertility of the couple and whether the cycle was ovulatory [15]. Most previous studies have related efficacy to the length of time between unprotected intercourse and intake of the ECP and have not taken into account the time relationship between intake of the ECP and ovulation. Based on animal studies, it seems likely that the timing of ECP intake in relation to ovulation may be important in both estimating efficacy and determining mode of action. In this study, the serum levels of progesterone (P4), estradiol (E2) and LH were measured at the time of ECP ingestion in order to provide a more reliable estimate of the time at which unprotected intercourse occurred in relation to ovulation. This has also allowed more accurate estimations of the timing of unprotected intercourse and the pregnancy risk in relation to the timing of ECP intake.
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The Ethics Committee of FPA Health gave approval of the study for all centers. All participants received a detailed information sheet and a thorough discussion of the information and signed an informed consent form. 2.2. Study design The primary outcome of the study was the number of pregnancies that occurred when the ECP was taken before or after ovulation. Women who agreed to participate in this study were asked to complete a questionnaire that records their reproductive and social histories as well as their knowledge about EC. All women took LNG 1.5 mg in a single dose during the course of the clinic consultation. A blood sample (8 mL of venous blood from the cubital fossa) was taken prior to ingestion of the ECP for measurement of serum LH, E2 and P4 levels to assist in estimating the day of ovulation. Blood samples were centrifuged, and serum was separated and frozen at 208C until the specimens were sent to the Department of Endocrinology, Royal Prince Alfred Hospital, Sydney, Australia, to be analyzed in a single batch. Women were followed up via telephone 4–6 weeks later to ascertain their menstrual and pregnancy status. All women who conceived had an ultrasound to confirm the pregnancy. We recruited 70% of eligible women who presented for EC at the clinics. The most common reason for refusal to participate in the study was a requirement to have a venipuncture. 2.3. Hormone assays The levels of E2 and P4 were measured by chemiluminescent immunoassay using the ImmuliteR 2000 analyzer [Diagnostic Products Corporation (DPC), Los Angeles, CA] [16]. Reference ranges for E2 were provided by DPC. They used E2 values obtained in a multinational study involving



2. Materials and methods 2.1. Participants One hundred ten women were recruited in six family planning clinics in NSW (61 in Newcastle and 16 in Chatswood, Hurstville and Penrith) and in Queensland (21 in Brisbane and 12 in Toowoomba) at the time they presented with a request for EC. Women who agreed to participate in the study were in good health, were of reproductive age (15–43 years old; mean, 23.4 years), had regular periods (menstrual cycle lengths between 21 and 35 days) and reported a single act of unprotected sexual intercourse within the previous 120 h. Women who had used hormonal contraceptives or an intrauterine device during the 4 weeks prior to presentation and those who were pregnant, breastfeeding or were unable to abstain from further unprotected intercourse for the remainder of their current menstrual cycle were excluded from the study.



Fig. 1. Menstrual cycle plot for serum P4 levels in 27 women with regular menstrual cycles sampled on a daily basis throughout the menstrual cycle. Serum P4 was assayed in a single batch using the DPC Immulite technique [16].
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women in apparent good health (age, 16 –44 years), who volunteered to have daily blood samples throughout one complete ovulatory cycle. The range of intervals for E2 was b308 pmol/L in the early to midfollicular phase, 124– 1468 pmol/L in the periovulatory phase and 101–905 pmol/L in the luteal phase. The analytical sensitivity was 55 pmol/L for the E2 assay and 0.6 nmol/L for the P4 assay. Reference ranges for P4 during the normal menstrual cycle obtained from a study using this assay [15] were b 3.6 nmol/L in the follicular phase, 1.5–5.5 nmol/L in bmidcycle,Q 3.0– 68 nmol/L for the early luteal phase and 19–76 nmol/L in the midluteal phase. The normal cycle serum levels for P4 are shown in Fig. 1, which demonstrates the sharp rise in serum progesterone levels beginning around the day of the LH peak (Day 1). The data for each hormone were orientated around the LH peak, and the timing of ovulation (Day 0) was estimated at 18–24 h after the peak. LH was measured by means of a microparticle enzyme immunoassay using the Abbot AxsymR system (Abbott, Chicago, IL). The LH reference range was obtained from the manufacturer and was based on specimens obtained daily from 26 women with regular menstrual cycles. Normal ranges were determined for the following: 1–18 IU/L in the follicular phase, 24–35 IU/L at the midcycle peak and 0.4–20 IU/L in the luteal phase. 2.4. Determination of the interval between unprotected intercourse and ovulation and timing of ECP administration The key requirement was determining when intercourse occurred in relation to the day of ovulation and whether the ECP was taken before or on the day of or after ovulation. We divided the bidealizedQ menstrual cycle as follows: with ovulation, Day 0; early follicular, Days 13 to 9; midfollicular, Days 8 to 5; late follicular, Days 4 to 2; periovulatory, Days 1 to 0; early luteal, Days +1 to +4; midluteal, Days +5 to +11; late luteal, Days +12 to +14. The E2 peak was on Day 2, and the LH peak occurred on Day 1. Based on these calculations, the treated women were divided into two groups: those who took the ECP prior to ovulation (Days 13 to 1) and those



who took it on the day of ovulation or postovulation (Days 0 to +14). The timing of unprotected intercourse in relation to ovulation was calculated based on women’s report of the time of the intercourse. We initially determined the day of the cycle on which ECP was taken according to serum P4 levels (Fig. 1) and subsequently adjusted it according to LH and E2 levels. The time of probable ovulation was calculated primarily on the absolute level of P4, with the day of ovulation being designated as Day 0. This calculation allowed us to pinpoint the day of ovulation within F24 h with an 80% level of accuracy. We first calculated the medians and ranges (in nanomoles per liter) of the serum P4 levels from the control group of women from the LH peak (Day 1; median, 2.0 nmol/L; range, 1–5 nmol/L), ovulation (Day 0; median, 4.0; range, 2–8), Day +1 (median, 10.0; range, 3–25) through Day +2 (median, 15.0; range, 8–35). Day 1 also coincided with a high LH level (N 24 IU/L) and a serum E2 level N 400 pmol/ L. Serum E2 dropped to a low level (b 250 pmol/L) by Day +2. LH levels between 15 and 24 IU/L indicated the day before or the day after the LH peak depending on the serum P4 and E2 levels. A serum E2 level N 450 pmol/L indicated the E2 peak on Day 2. A level of E2 between 300 and 450 pmol/L indicated Day 3 or Day 1 (or later in the luteal phase) depending on the LH and P4 levels. LH levels below 15 IU/L were seen on Days 3 and +2. Intermediate levels of these two hormones were used to attempt to pinpoint the other days in and around the periovulatory phase. The accuracy of prediction of the day of ovulation from endocrine data was tested by setting up a model based on daily serum P4 ranges and then testing by logistic regression, using serum P4 alone as the predictor of Day 0 or not Day 0. This was achieved with an 87% accuracy. The level of accuracy of prediction varied somewhat with each day on either side of Day 0, and although the accuracy increased with inclusion of E2 and LH, the model became much more complex. For the purposes of this pilot trial, where data were limited, we felt that it was important to be



Table 1 Distribution of women having unprotected intercourse in the fertile period of the menstrual cycle based on endocrine data and probability of clinical pregnancy using Wilcox calculations [17,18] Cycle day of intercourse (Day 0 = day of ovulation)



5 4 3 2 1 0 Total



Probability of clinical pregnancy (%) — based on data from Wilcox calculations (see Table 1 of Ref. [18])



Number of women who had sexual intercourse on each cycle day (based on endocrine data)



Expected number of clinical pregnancies based on endocrine data and Wilcox calculations



Observed pregnancies



4 13 8 29 27 8



7 9 12 6 11 6 51



0.28 1.17 0.96 1.74 2.97 0.48 7.60



0 0 0 0 1 2 3



4.15



3.45
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able to confirm that the prediction gave an accuracy of at least 80% in determining that a serum sample was obtained on a specific day in relation to ovulation. 2.5. Calculating the efficacy of the LNG ECP To determine the efficacy of the ECP, we compared the number of observed pregnancies with the number of expected pregnancies [17–19]. Prevented pregnancies were calculated by subtracting the ratio of expected pregnancies to observed pregnancies from 1. Expected pregnancies were calculated by multiplying the number of women having unprotected intercourse on each day of the fertile period by the probability of clinical pregnancy described by Wilcox et al. [17,18] (Table 1). The fertile period of the cycle was taken to extend from 5 days before ovulation to the day of ovulation.



Fig. 2. Comparison between stages of cycle at the time the ECP was taken based on endocrine data or women’s self-report. For the purposes of this figure, cycle phases were defined as follicular (Day 3 and earlier), periovulatory (Days 2 to +1) and luteal (Day +2 and later).



2.6. Statistical analysis Data were analyzed using Excel 2003 and SPSS 11.5 (SPSS Inc., Chicago, IL). Variables that were normally distributed are presented as means and standard deviations and were analyzed using the independent and paired t test. Confidence intervals were used where appropriate, and statistical significance was defined as p b .05. 3. Results One hundred ten women aged 15 to 43 years (mean, 21; SD, 7.6) were enrolled in this study, but 11 women were excluded due to insufficient blood samples for complete hormonal analysis. Therefore, 99 women were investigated. Sixty women had not been pregnant previously, 14 had one pregnancy, 6 had two pregnancies, 6 had more than three pregnancies and 2 women did not report their reproductive history. Forty-nine women had used ECP previously. Twenty women had used the ECP once, 11 had used it twice, 7 had used it three times, 4 had used it four times and 8 women had used it five or more times. One woman reported becoming pregnant after previous use of the Yuzpe method of EC. Table 1 shows the distribution of women having unprotected intercourse on different days of the fertile period (between Days 5 and 0) compared with the number



Table 2 Timing of sexual intercourse and taking the ECP for three women who became pregnant, based on serum hormone levels at the time of ECP administration E2 (pmol/L) 1 2 3



214 154 181



P4 (nmol/L)



LH (IU/L)



11.5 13.1 13.2



10.6 12.7 8.4



No. of hours between IC and ECP 33 66 20



Day of sexual intercourse 0F1 1F1 0F1



Day of ECP +2F1 +2F1 +2F1



IC, unprotected intercourse; ECP, levonorgestrel emergency contraceptive pill.



of clinical pregnancies. Fifty-one women had the index episode of unprotected intercourse on Days 5 to 0. According to the data of Wilcox et al. [17,18], we should have expected seven to eight clinical pregnancies in our study, and we observed three pregnancies. Thus, the failure rate of the ECP was 3.0%, and its efficacy in this study was found to be 60.5% based on Wilcox’s calculations of pregnancy probability [17,18]. Twenty-three women had their index episode of unprotected intercourse in the early to midfollicular phase prior to Day 5, and 25 had intercourse in the luteal phase. From the data in Table 1, it is clear that pregnancies did not occur when unprotected intercourse occurred on Day 2 or earlier and when the ECP was taken before Day 0, whereas all three pregnancies occurred when intercourse took place around Days 1 to 0 and when the ECP was taken on Day +2. Data from Wilcox et al. [17,18] suggest that four or five clinical pregnancies would have been expected among the group of 34 women who had intercourse on Days 5 to 2 (and took the ECP before or around ovulation), but none occurred. Among the 17 women who had intercourse around Days 1 to 0 (and took the ECP on Day +2), three or four pregnancies would have been expected, and three were observed. Hormonal levels, time of sexual intercourse and day of taking the ECP in these three cases are presented in Table 2. For the third participant who became pregnant, endocrine data suggested that unprotected intercourse may have occurred 12 to 24 h after ovulation. We have taken this to be Day 0. There was substantial discord between the determination of stages of cycle from endocrine data compared with data from the woman’s self-report (Fig. 2). Of the 41 women, who, on endocrine data, were in the follicular phase of the menstrual cycle, only 16 (39%) were correct in their personal estimation, 7 of these (17%) thought that they were in the periovulatory phase and 16 (39%) thought that they were already in the luteal phase. Two of these women were unable to identify the stage of their cycle at the time of
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consultation. Only 7 out of 30 women (23.3%), who were in the periovulatory phase of the menstrual cycle according to endocrine data, were correct in their own estimation of this phase. Four (13%) thought that they were in the follicular phase, 16 (53%) thought that they were in the luteal phase and 3 could not remember when their last menstrual period was (Fig. 2). Twenty-eight women were in the luteal phase of the cycle at the time the ECP was taken, and the majority of them [19 (68%)] reported correctly that they thought they were in this phase of the cycle: 5 (18%) thought that they were in the periovulatory phase, 2 (7%) thought that they were in the follicular phase and 2 were unable to remember the day of their cycle. Overall, 21 out of the 99 women (21%) were unsure of the actual date of their last menstrual period. 4. Discussion A most important question today is whether the LNG ECP has an effect on postfertilization events. If the LNG ECP is ineffective once fertilization has occurred, it would become an acceptable contraceptive option for many people who consider that human life begins at fertilization. A problem with efficacy studies of EC is pinpointing the exact time relationship of unprotected intercourse and ECP ingestion to the occurrence of ovulation. Timing is usually based on data reported by the women and calculations done by the investigator using uncertain assumptions, which have been shown in this study as well as in other studies to be quite unreliable [14]. In this study, we were able to pinpoint the day within or after the fertile period in which the ECP was taken to within 24 h with an estimated 80% accuracy, based on individual endocrine data. Accuracy could have been improved had we been able to take repeated blood samples over several days and perform ultrasound examinations of the ovary at the time that blood was taken. Unfortunately, this was logistically impossible. Both endocrine and ultrasound examinations are costly, which would make it very expensive and difficult to conduct such a study with sufficient numbers to provide adequate power, as the overall pregnancy rate in women who use EC is low. There have been several attempts to design external estimates for the probability of conception in natural cycles [17–23], but most of these reports have relied on women’s self-report of cycle day and day of intercourse, which is sometimes supplemented by basal body temperature or urinary hormone data. Wilcox et al. [17] determined the probability of conception based on endocrine data to estimate the day of ovulation for 221 North Carolina women who provided daily urine samples for measurement of urinary estrogen and P4 metabolites from the time they stopped contraception until they became pregnant or had provided 6 months data. As the urinary ratio of estrogen to P4 metabolites decreases abruptly with luteinization of the ovarian follicle, this measure of ovulation corresponds approximately with the LH peak [22].



We used endocrine data from the measurement of three hormones that change markedly in serum in the periovulatory period to predict the day on which women ovulated and took the ECP. This appears to be a more precise method (to at least an 80% accuracy) of estimating the day within or after the fertile period than methods used in some studies such as basal body temperature or urinary LH. A recent study has shown that urinary LH on its own may be unreliable for determining the day of ovulation [6]. The serum level of P4 (Fig. 1) was used as the initial determinant and serum LH and E2 levels were used as additional determinants of the more precise time in the cycle when women took the ECP. We initially used Fig. 1 to determine the day before, the day of or the day after ovulation for individual participants according to the P4 level. The data in this graph were generated in a multinational study involving women in apparent good health [16], but these data have not been specifically validated for Australian women. The participants in our study had similar characteristics to those enrolled in the abovementioned study, although it is unknown if other important factors such as weight, smoking habits and parity were also similar. The patterns of Immulite data are similar but not identical to data obtained by other authors on P4, LH and E2 profiles during the normal menstrual cycle [24,25]. We found substantial discrepancies between hormonal findings and the stage of the menstrual cycle reported by women. Self-report of cycle phase coincided with hormonal parameters in only 43.4% of women. Stirling and Glasier [14] found that hormonal results in 30% of women in their study were incompatible with the cycle day estimated by calendar and were most likely to be inconsistent in those women presenting in the luteal phase (when their last menstrual period was more distant in their memory). In contrast, we found that endocrine data were more consistent with self-report by women in the luteal phase (67.9%) and least consistent in the periovulatory phase (23.3%). Our findings confirm that it is unreliable to base the estimation of cycle phase on women’s self-report. Hormonal confirmation is required. The bpregnancy rateQ in this study was 3.0%, which is similar to other studies on the efficacy of ECP [2,15]. All three women who became pregnant had very similar endocrine data and took the ECP around 2 days after ovulation and had unprotected intercourse between Days 1 and 0. The expected number of clinical pregnancies in our study was seven to eight, based on Wilcox probability of clinical pregnancy [17,18]. From the data in Table 2, it is clear that pregnancies did not occur when unprotected intercourse occurred on Day 2 or earlier and when ECP was then taken around or before ovulation. Four or five clinical pregnancies could have been expected in this group of women, but none occurred. These data are supportive of the concept that the LNG ECP has little or no effect on postovulation events. This is in agreement with animal studies showing that LNG does not



N. Novikova et al. / Contraception 75 (2007) 112–118



interfere with postfertilization events [8,9]. Durand et al. [6] showed that LNG, given postcoitally, has an antiovulatory effect if administered prior to the LH surge but not after it. Other studies of the Yuzpe regimen for ECP also found that this method of contraception is unlikely to prevent pregnancy if given postfertilization [26]. The failure rate reported in randomized controlled trials of the LNG ECP has varied from 1.1% to 2.9%, with efficacy rates between 60% and 85% [2,7,27,28] depending on whether they were based on Wilcox or Trussell or other calculations of pregnancy probability. The efficacy rate of the ECP in our study, based on Wilcox calculations, was 60.5% (4.6 of the expected 7.6 pregnancies were prevented) when timing of ovulation was based on endocrine data. This efficacy rate is lower than what was reported in other studies where cycle day was based on the woman’s self-report. 5. Conclusion It is clear from this study that ovulation dating based on retrospective menstrual data is unreliable and does not correlate well with the endocrine data. Studies of EC efficacy based on endocrine data are expensive and, therefore, potentially limit the number of participants. However, to obtain more accurate data on both efficacy and mode of action of EC, more extensive studies of this nature using transvaginal ultrasound in conjunction with endocrine data are required in much larger numbers of women. The small number of participants in our study does not enable us to make a definitive statement on the hypothetical postfertilization effect of the ECP. However, our interpretation of the data in terms of timing of treatment relative to ovulation may explain why EC with LNG works sometimes and fails at other times. The fact that all three pregnancies in this study occurred when women took the ECP around 2 days after ovulation suggests that the ECP may be less effective or ineffective if taken postfertilization. A larger study is needed to prove our hypothesis that the LNG ECP has a major contraceptive effect when taken prior to but not after ovulation and that it does not interfere with postfertilization events.
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