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INTRODUCTION (403w)

Miscarriages are common in pregnancy (reported incidence of up to 31% [START_REF] Wilcox | Incidence of early loss of pregnancy[END_REF] ). Other correlated clinical entities, such as pregnancies of unknown location (PUL) and intrauterine pregnancies of uncertain viability (IPUV) are also frequent and experienced as stressful events, owing to their potential outcomes as miscarriages, or even life-threatening ectopic pregnancies. In case of incomplete or missed miscarriages, expectant or interventional management (with misoprostol, or surgery with curettage or hysteroscopy) are recommended, although such treatments are associated with a range of advantages and disadvantages [START_REF] Luise | Outcome of expectant management of spontaneous first trimester miscarriage: observational study[END_REF][START_REF] Bagratee | A randomized controlled trial comparing medical and expectant management of first trimester miscarriage[END_REF][START_REF] Sotiriadis | Expectant, medical, or surgical management of first-trimester miscarriage: a meta-analysis[END_REF][START_REF] Black | The impact of introducing medical management on conservative and surgical management for early pregnancy miscarriage[END_REF][START_REF] Ben-Ami | Infertility following retained products of conception: is it the surgical procedure or the presence of trophoblastic tissue?[END_REF][START_REF] Pérez-Medina | Hysteroscopy in pregnancy-related conditions: descriptive analysis in 273 patients[END_REF][START_REF] Colleselli | Marked improvement in the success rate of medical management of early pregnancy failure following the implementation of a novel institutional protocol and treatment guidelines: a follow-up study[END_REF][START_REF] Beucher | First trimester miscarriages: benefits and harms of different management options[END_REF][START_REF] Kim | Medical treatments for incomplete miscarriage[END_REF] . While surgical removal will often resolve these situations expeditiously and improves genetic analyses [START_REF] Cholkeri-Singh | Increased fetal chromosome detection with the use of operative hysteroscopy during evacuation of products of conception for diagnosed miscarriage[END_REF] , this technique is associated with an increased risk of both early complications (uterine perforation, adverse anaesthetic events, postoperative development of intrauterine adhesions [START_REF] Hooker | Systematic review and meta-analysis of intrauterine adhesions after miscarriage: prevalence, risk factors and long-term reproductive outcome[END_REF] ) and late complications (mostly in subsequent pregnancies: prematurity [START_REF] Lemmers | Dilatation and curettage increases the risk of subsequent preterm birth: a systematic review and meta-analysis[END_REF] , postpartum retained placenta/cotyledons and placenta accreta [START_REF] Smorgick | Retained products of conception: What is the risk for recurrence on subsequent pregnancies?[END_REF] ) and is costeffective [START_REF] Lemmers | Cost-Effectiveness of Curettage versus Expectant Management in Women with an incomplete evacuation after Misoprostol treatment for first-trimester miscarriage: a randomized controlled trial and cohort study[END_REF] . On the other hand, treatment with misoprostol appears to be both faster and more effective than expectant management for missed miscarriages, and equivalent for incomplete miscarriage [START_REF] Bagratee | A randomized controlled trial comparing medical and expectant management of first trimester miscarriage[END_REF][START_REF] Black | The impact of introducing medical management on conservative and surgical management for early pregnancy miscarriage[END_REF][START_REF] Beucher | First trimester miscarriages: benefits and harms of different management options[END_REF] . However, these latter alternatives can fail and may have an increased risk of infection or haemorrhage, thus requiring urgent surgical removal, which is associated with a higher morbidity rate than non-urgent surgery. However, if a robust predictor for treatment success were to be developed, then this could allow physicians to tailor treatment in a more appropriate manner and consider immediate surgical evacuations for high-risk non-viable pregnancies.

Progesterone is known to be essential for implantation, viability and the maintenance of pregnancy 16- 24 . Low progesterone levels are a good predictor for miscarriage, even if most of the cases have another form of primary aetiology than progesterone/luteal insufficiency; for example, genetic (≥50 %) [START_REF] Stephenson | Cytogenetic analysis of miscarriages from couples with recurrent miscarriage: a case-control study[END_REF][START_REF] Simpson | Causes of fetal wastage[END_REF] or immunological anomalies [START_REF] Promberger | A retrospective study on the association between thyroid autoantibodies with β2-glycoprotein and cardiolipin antibodies in recurrent miscarriage[END_REF] , infection of the genital tract [START_REF] Harger | Etiology of recurrent pregnancy losses and outcome of subsequent pregnancies[END_REF] , polycystic ovaries [START_REF] Rai | Polycystic ovaries and recurrent miscarriage--a reappraisal[END_REF] , uterine Blavier 4 malformations or leiomyomas [START_REF] Acién | Complex malformations of the female genital tract. New types and revision of classification[END_REF] , diabetes, Cushing's syndrome or chronic exposure to toxic substances (ambient air pollution [START_REF] Ha | Ambiant air pollution and the risk of pregnancy loss: a prospective cohort study[END_REF] ). Recently, low serum progesterone levels were significantly associated with the successful spontaneous completion of miscarriage in a prospective study of 83 missed miscarriages testing several potential predictors [START_REF] Memtsa | Maternal serum markers in predicting successful outcome in expectant management of missed miscarriage[END_REF] . We hypothesized that low levels of progesterone would more accurately predict the completion of miscarriage than just the non-viability of the pregnancy. Mostly, high progesterone levels would not always mean that pregnancies are viable; instead, they could hide missed or incomplete miscarriages or ectopic pregnancies with higher risk of complications. Because the relevance of progesterone for prediction and completion of miscarriage has been analysed previously separately [START_REF] Daya | Luteal support: Progestogens for pregnancy protection[END_REF][START_REF] Lower | The value of serum levels of oestradiol, progesterone and beta-human chorionic gonadotropin in the prediction of early pregnancy loss[END_REF][START_REF] Osmanağaoğlu | The diagnostic value of beta-human chorionic gonadotropin, progesterone, CA125 in the prediction of abortions[END_REF][START_REF] Al-Sebai | The role of a single progesterone measurement in the diagnosis of early pregnancy failure and the prognosis of fetal viability[END_REF][START_REF] Al-Ramahi | Serum progesterone in predicting pregnancy outcome after assisted reproductive technology[END_REF][START_REF] Lien | The duration of luteal phase support by progesterone in fresh transfer cycles can be determined by corpus luteum rescue or not[END_REF][START_REF] Verhaegen | Accuracy of single progesterone test to predict early pregnancy outcome in women with pain or bleeding: meta-analysis of cohort studies[END_REF][START_REF] Pillai | Role of serum biomarkers in the prediction of outcome in women with threatened miscarriage: a systematic review and diagnostic accuracy meta-analysis[END_REF][START_REF] Memtsa | Maternal serum markers in predicting successful outcome in expectant management of missed miscarriage[END_REF] , we decided to evaluate these dichotomous outcomes retrospectively, adding the clinically relevant outcome "complications".

MATERIAL AND METHODS (714w)

Design of the study

This retrospective study reviewed all pregnancies with suspected, incomplete or missed miscarriage before 10 gestation weeks, evaluated in the Early Pregnancy Unit (EPU) at the UZ Brussel Hospital between 1/9/2015 and 20/10/2017.

Clinical guidelines of our Early Pregnancy Unit

For asymptomatic/pauci-symptomatic PUL, following guidelines were used: expectant management with serial biological and ultrasound controls (every 48-72h) until location of the pregnancy was confirmed, until the patient developed more obvious clinical or ultrasonographic signs of an ectopic pregnancy, until hCG increased to levels >1500 IU/L or decreased twice (more than half) or until a negative hCG result [START_REF] Barnhart | Pregnancy of unknown location: A consensus statement of nomenclature, definitions and outcome[END_REF] .

For IPUV, the guidelines were: repeated ultrasound controls at least 2 weeks after the initial scan (10 days for an identified yolk sac, 7 days if an embryo was present or if mean gestational sac diameter (MSD) >12mm) [START_REF] Doubilet | Diagnostic criteria for nonviable pregnancy early in the first trimester[END_REF][START_REF] Preisler | Defining safe criteria to diagnose miscarriage: prospective observational multicentre study[END_REF] .

For confirmed missed abortions and retained product of conception (RPOC) [START_REF] Alca´zar | Transvaginal ultrasonography combined with color velocity imaging and pulsed Doppler to detect residual trophoblastic tissue[END_REF][START_REF] Esmaeillou | Accurate detection of retained products of conception after first-and second-trimester abortion by color Doppler sonography[END_REF] the following was proposed: 10 to 14 days expectant management, and, if spontaneous full evacuation did not occur, misoprostol at 800 mcg intravaginally. A failed misoprostol attempt was treated 10 to 14 days later by dilatation and curettage (D&C) or hysteroscopy to empty the uterine cavity [START_REF] Luise | Outcome of expectant management of spontaneous first trimester miscarriage: observational study[END_REF][START_REF] Bagratee | A randomized controlled trial comparing medical and expectant management of first trimester miscarriage[END_REF][START_REF] Sotiriadis | Expectant, medical, or surgical management of first-trimester miscarriage: a meta-analysis[END_REF][START_REF] Black | The impact of introducing medical management on conservative and surgical management for early pregnancy miscarriage[END_REF][START_REF] Ben-Ami | Infertility following retained products of conception: is it the surgical procedure or the presence of trophoblastic tissue?[END_REF][START_REF] Pérez-Medina | Hysteroscopy in pregnancy-related conditions: descriptive analysis in 273 patients[END_REF][START_REF] Colleselli | Marked improvement in the success rate of medical management of early pregnancy failure following the implementation of a novel institutional protocol and treatment guidelines: a follow-up study[END_REF][START_REF] Beucher | First trimester miscarriages: benefits and harms of different management options[END_REF][START_REF] Kim | Medical treatments for incomplete miscarriage[END_REF][START_REF] Hooker | Systematic review and meta-analysis of intrauterine adhesions after miscarriage: prevalence, risk factors and long-term reproductive outcome[END_REF][START_REF] Lemmers | Dilatation and curettage increases the risk of subsequent preterm birth: a systematic review and meta-analysis[END_REF] (exceptions were made for a-or pauci-symptomatic RPOC). For a-and pauci-symptomatic RPOC, further expectation for one menstrual cycle under the contraceptive pill (≥30 mcg ethinyl estradiol) was proposed, followed by ultrasound after withdrawal bleeding.

For symptomatic patients (haemorrhage, suspected infection, shock, abdominal tenderness), swift surgical removal of the pregnancy (D&C, hysteroscopy or laparoscopy) was performed, often accompanied by empirical antibiotics 3-5,7--9,38 . For uncomplicated confirmed ectopic pregnancies, treatment by methotrexate (or laparoscopy) was recommended, as suggested by Fernandez et al [START_REF] Fernandez | Randomized trial of conservative laparoscopic treatment and methotrexate administration in ectopic pregnancy and subsequent fertility[END_REF] .

Inclusion criteria

All diagnosed cases of PUL, IPUV, missed abortion, or RPOC with progesterone measurements in a concomitant blood sample at the initial diagnosis were included in this study. Files with incomplete or unclear data were excluded.

Dichotomous outcomes

1. Primary outcome: evolutive potential of pregnancy:

a) The incidence of evolutive pregnancy was defined as a viable intrauterine pregnancy or evolving ectopic pregnancy.

b) The incidences of non-evolutive pregnancy were: complete, missed or incomplete miscarriage/RPOC, ectopic abortion, or failed PUL.

2. Secondary outcome, for non-viable pregnancies (three categories) included:

a) The incidence of surgical evacuation: D&C or hysteroscopy (intra-uterine pregnancies), or laparoscopy (ectopic pregnancies).

b) The delay between initial diagnosis (PUL, IPUV, missed abortion, or RPOC) and full evacuation.

c) The occurrence of complications (such as haemorrhage or infection).

Predictor candidates

Several markers were investigated.

1. Progesterone, previously described to predict separately both outcomes [START_REF] Daya | Luteal support: Progestogens for pregnancy protection[END_REF][START_REF] Lower | The value of serum levels of oestradiol, progesterone and beta-human chorionic gonadotropin in the prediction of early pregnancy loss[END_REF][START_REF] Osmanağaoğlu | The diagnostic value of beta-human chorionic gonadotropin, progesterone, CA125 in the prediction of abortions[END_REF][START_REF] Al-Sebai | The role of a single progesterone measurement in the diagnosis of early pregnancy failure and the prognosis of fetal viability[END_REF][START_REF] Al-Ramahi | Serum progesterone in predicting pregnancy outcome after assisted reproductive technology[END_REF][START_REF] Lien | The duration of luteal phase support by progesterone in fresh transfer cycles can be determined by corpus luteum rescue or not[END_REF][START_REF] Verhaegen | Accuracy of single progesterone test to predict early pregnancy outcome in women with pain or bleeding: meta-analysis of cohort studies[END_REF][START_REF] Pillai | Role of serum biomarkers in the prediction of outcome in women with threatened miscarriage: a systematic review and diagnostic accuracy meta-analysis[END_REF][START_REF] Lek | Validation of serum progesterone <35 nmol/L as a predictor of miscarriage among women with threatened miscarriage[END_REF][START_REF] Memtsa | Maternal serum markers in predicting successful outcome in expectant management of missed miscarriage[END_REF] was evaluated using a concomitant blood sample taken at initial diagnosis (PUL, IPUV, missed abortion, or RPOC).

Potentially confounding variables included:

-Ultrasound measures (mm); crown-lump length (CRL), MSD, or retention size.

-Patient characteristics; maternal age, gravidity, parity, history of miscarriage, supra-isthmic uterine (such as Caesarean section, D&C, operative hysteroscopy, myomectomy, polypectomy), or cervical surgery.

Image acquisition

All ultrasound examinations were acquired on a Voluson E8 or Voluson 730 Expert Ultrasound System (GE Medical Systems, Kretztechnik, Zipf, Austria) using a 5-to 9-MHz transvaginal probe.

Ethical Approval

This retrospective study was approved by the ethical commission of the UZ Brussel (B.U.N.

14301733237).

Statistical analyses

Logistic regression was used to assess the performance of progesterone level to predict each outcome (odds of evolutive pregnancy, surgical evacuation and delayed non-surgical evacuation). A straightforward stepwise approach was initially used to identify linear relationships between progesterone levels and these dichotomous outcomes. Second level polynomial terms were included to evaluate potential curvilinear relationships. In addition, potentially confounding variables, ultrasound measures (CRL, MSD or retention size) and patient characteristics (maternal age, gravidity, parity, history of miscarriage and supra-isthmic uterine or cervical surgery) were considered within our model. Only those who modified the prediction are discussed in next chapters. Model selection was based on the Akaike (AIC) and Bayesian (BIC) information criteria and Likelihood ratio tests. Previously published progesterone cut-offs were tested [START_REF] Lower | The value of serum levels of oestradiol, progesterone and beta-human chorionic gonadotropin in the prediction of early pregnancy loss[END_REF][START_REF] Osmanağaoğlu | The diagnostic value of beta-human chorionic gonadotropin, progesterone, CA125 in the prediction of abortions[END_REF][START_REF] Al-Sebai | The role of a single progesterone measurement in the diagnosis of early pregnancy failure and the prognosis of fetal viability[END_REF][START_REF] Lien | The duration of luteal phase support by progesterone in fresh transfer cycles can be determined by corpus luteum rescue or not[END_REF] .

Receiver operated characteristic (ROC) curves were used to evaluate the balancing sensitivity and specificity, and the areas under the curve (AUC), for each prediction. A few small additional questions were dealt with using the Mann Whitney and Fisher Exact Tests (lower incidence like complications).

All statistical analyses were carried out in R version 3.4.1 (Development Core Team, Vienna, Austria). Results with p-values < 0.05 were considered to be statistically significant. 

RESULTS (1015w)

Prediction of evolutive pregnancies

Most of the cases with progesterone levels <10 µg/L, 65/66 (98%), were associated with nonevolutive pregnancies, compared to 19/33 (57.6%) for those with progesterone levels between 10 and 20 µg/L, and 20/52 cases (38%) with progesterone levels >20 µg/L (c.f. table 1).

Eight patients of the 151 were not included in the next analyses because they didn't follow our guidelines (2 cases) or/and their serum progesterone levels were >60µg/L and our laboratory could not give a more accurate value than ">60 µg/L". Logistic regression showed a linear relationship between progesterone and the odds of evolutive pregnancy. Curvature implied by the second order polynomial effect (Figure 1a) suggested that this relationship was not simply linear but was more curvilinear, sigmoidal or even stepwise. Within a progesterone range of 10 to 30 µg/L, the estimated relationship was approximately linear.

According to AIC and BIC, predictions were improved when parity was included into the model with progesterone (Figures 1b and1c). Age was suggested to predict evolutive potential based on AIC but not when BIC was used. Moreover, a history of miscarriage was suggestive of an improvement in the quality of the model by itself, and in combination with progesterone, but not when parity was added.

Table 2 summarizes the statistical models used, and highlights significant results. In receiver operating characteristic (ROC) curves, adding parity to progesterone in the model led to a slight increase in the area under the curve (AUC), from 0.847 to 0.877.

Prediction for the surgical removal of pregnancy (D&C or hysteroscopy)

Progesterone levels were higher in patients experiencing surgical removal compared to those without (Mann-Whitney test; p-value <0.01). A simple cross-table (table 3) showed that a surgical removal was performed in 3/83 patients (4%) with progesterone levels < 20 µg/L compared to 10/21 cases (48%) with progesterone levels > 20 µg/L. Moreover, logistic regression illustrated that progesterone was linearly related to the probability of surgery (D&C or hysteroscopy) (p<0.001) for progesterone values <40 µg/L. The odds of having a surgical evacuation increased on average, by 8.4%, with each 1 µg/L rise in progesterone. In 88.1% of cases, outcomes were correctly predicted by the model (88.6% of cases were correctly predicted for non-surgical evacuations and 84.6% for surgical evacuations). These results still held with progesterone levels <60µg/L and after the removal of two surgical evacuations; one because of suspected trophoblastic disease and one because of patient request (with progesterone levels of >60 µg/L and 11.9 µg/L, respectively; c.f. Figure 2a and Table S1).

According to AIC and BIC, adding "history of supra-isthmic uterine surgery" (such as Caesarean section, D&C, operative hysteroscopy, myomectomy, or polypectomy) improved the prediction of surgical removal when combined with progesterone (Figures 2b and2c, and Table S1). In our sample, there were no history of cervical conization or other cervical operations. In ROC curves, combining "history of supra-isthmic uterine surgery" with progesterone increased the AUC from 0.945 to 0.97.

Prediction of the delay between initial diagnosis and non-surgical complete uterine evacuation

Logistic regression confirmed the relationship between progesterone level and the probability of a complete non-surgical evacuation less than 20 days after initial diagnosis. Conversely, the incidence of non-surgical evacuations > 20 days after the initial diagnosis was linearly related with progesterone level (p<0.001). We also identified a straightforward linear relationship between the probability of delays > 20 days and progesterone levels between 5 and 25 µg/L (Figure S1a and Table S2).

According to AIC and BIC, the predictions of our model improved when a history of miscarriage was added to progesterone levels (Figures S1b and1c, and Table S2). The probabilities of delays > 20 days were significantly different when compared between all subgroups excepted between patients who had one previous miscarriage and those who had no previous miscarriage (only the difference between these two subgroups was not significant). These results highlighted a negative correlation between the number of miscarriages, starting from a history of two miscarriages, and the length of the delay for complete non-surgical evacuations. For ROC curves, a combination of progesterone and a history of miscarriage resulted in an AUC of 0.803.

Prediction of complications

Six complications occurred and all concerned non-viable pregnancies. Three presented haemorrhage and three signs of infection. No complication was registered for patients with progesterone levels ≤10 µg/L (0/68 non-viable pregnancies). The rate of complications increased from 9.5% (2/21, 1 haemorrhage and 1 suspected infection) for progesterone levels between 10 and 20 µg/L to 26.7% (4/15, 2 haemorrhages and 2 suspected infections) for progesterone levels > 20 µg/L. These differences were statistically different when using Fisher's exact test (p=0.0008).

DISCUSSION (1345w)

This study highlights the increasing role of progesterone in the management of early pregnancies as an accurate predictor of multiple indices. Higher progesterone levels increase the odds of a viable pregnancy but also reduce the odds of non-surgical evacuation with a short delay (< 20 days), if the pregnancy turns out non-viable, and could even increase the risk of complications. Each initial diagnosis showed the same trend, reaching statistical significance except for delay of non-surgical evacuation of missed abortion and for surgical removal of RPOC, the smallest subgroups (table 1).

Correlation between progesterone and viability is not new [START_REF] Lower | The value of serum levels of oestradiol, progesterone and beta-human chorionic gonadotropin in the prediction of early pregnancy loss[END_REF][START_REF] Osmanağaoğlu | The diagnostic value of beta-human chorionic gonadotropin, progesterone, CA125 in the prediction of abortions[END_REF][START_REF] Al-Sebai | The role of a single progesterone measurement in the diagnosis of early pregnancy failure and the prognosis of fetal viability[END_REF][START_REF] Al-Ramahi | Serum progesterone in predicting pregnancy outcome after assisted reproductive technology[END_REF][START_REF] Lien | The duration of luteal phase support by progesterone in fresh transfer cycles can be determined by corpus luteum rescue or not[END_REF][START_REF] Verhaegen | Accuracy of single progesterone test to predict early pregnancy outcome in women with pain or bleeding: meta-analysis of cohort studies[END_REF][START_REF] Pillai | Role of serum biomarkers in the prediction of outcome in women with threatened miscarriage: a systematic review and diagnostic accuracy meta-analysis[END_REF][START_REF] Lek | Validation of serum progesterone <35 nmol/L as a predictor of miscarriage among women with threatened miscarriage[END_REF] . In 1995, progesterone levels < 45 nmol/L (14 µg/L) were reported to be a predictor of non-viable pregnancies [START_REF] Al-Sebai | The role of a single progesterone measurement in the diagnosis of early pregnancy failure and the prognosis of fetal viability[END_REF] and also, in 1999, after superovulation in assisted reproductive technologies [START_REF] Al-Ramahi | Serum progesterone in predicting pregnancy outcome after assisted reproductive technology[END_REF] . In 2015, progesterone administration was discontinued with no increased rate of miscarriage if progesterone remained higher than 20.6 ng/mL (20.6 µg/L or 65.5 nmol/L) at day 16 after fresh non-donor embryo transfer [START_REF] Lien | The duration of luteal phase support by progesterone in fresh transfer cycles can be determined by corpus luteum rescue or not[END_REF] . In 2016, serum progesterone could predict miscarriages for the pregnancies which viability is not yet established [START_REF] Pillai | Role of serum biomarkers in the prediction of outcome in women with threatened miscarriage: a systematic review and diagnostic accuracy meta-analysis[END_REF] .

In 2017, a prospective study suggested a cut-off progesterone level of < 35 nmol/L (11 µg/L) [START_REF] Lek | Validation of serum progesterone <35 nmol/L as a predictor of miscarriage among women with threatened miscarriage[END_REF] as predictor of miscarriage.

In our database, the only patient with progesterone levels < 10 µg/L and a viable pregnancy (1/66, 2%) was treated with micronized progesterone. The relationship between progesterone and viability was more curvilinear, sinusoidal or stepwise, than linear (Figure 1a), making cut-offs very suitable.

The addition of "parity", or "history of miscarriage", improved predictive performance and changed the aspect of the curve (Figure 1b and1c) and the best suitable cut-off.

Furthermore, this study confirmed an identified strong correlation between progesterone and the completion of miscarriages by Memtsa et al [START_REF] Memtsa | Maternal serum markers in predicting successful outcome in expectant management of missed miscarriage[END_REF] . They suggested that maternal age was an independent predictor but this could not be confirmed in our sample, due to opposite results between AIC and BIC. Mostly, we observed surgical removals in 4% patients with progesterone levels < 20 µg/L compared to 48% with progesterone levels > 20 µg/L (table 3) and a linear relationship between progesterone levels and the probability of surgical removal for non-viable pregnancy (figure 2), as well as between progesterone levels and the delay from initial diagnosis to complete non-surgical evacuation (figure S1). In addition to progesterone, a "history of supra-isthmic uterine surgery" improved the prediction of surgical removal while a "history of miscarriage" improved the prediction of delayed non-surgical evacuation.

With progesterone levels above 35 µg/L, around 75% of patients had a viable pregnancy and higher progesterone levels did not improve the odds of viability while the probability of a complete and nonsurgical uterine evacuation within 20 days continued to fall below the 10% level with increasing progesterone levels above 35 µg/L (Graphical abstract). Progesterone levels > 20 µg/L (63.6nmol/L) concealed non-viable pregnancies in 37.5% with only 10% odds of swift non-surgical evacuation (Figure 3), half of which ended up in surgical removals (table 3). This enhances our hypothesis relating to the role of progesterone; low progesterone level seems not the primary aetiology of miscarriage: its administration did not increase live births in women with bleeding in early pregnancy [START_REF] Coomarasamy | A Randomized Trial of Progesterone in Women with Bleeding in Early Pregnancy[END_REF] or with recurrent miscarriages [START_REF] Coomarasamy | A Randomized Trial of Progesterone in Women with Recurrent Miscarriages[END_REF] , other causes of miscarriage were identified [START_REF] Stephenson | Cytogenetic analysis of miscarriages from couples with recurrent miscarriage: a case-control study[END_REF][START_REF] Simpson | Causes of fetal wastage[END_REF][START_REF] Promberger | A retrospective study on the association between thyroid autoantibodies with β2-glycoprotein and cardiolipin antibodies in recurrent miscarriage[END_REF][START_REF] Harger | Etiology of recurrent pregnancy losses and outcome of subsequent pregnancies[END_REF][START_REF] Rai | Polycystic ovaries and recurrent miscarriage--a reappraisal[END_REF][START_REF] Acién | Complex malformations of the female genital tract. New types and revision of classification[END_REF][START_REF] Ha | Ambiant air pollution and the risk of pregnancy loss: a prospective cohort study[END_REF] . The natural course of nonviable pregnancies includes a drop in progesterone levels, which could be considered as the main step for full evacuation of the product of conception. If this fall in progesterone level is missing, then the completion of miscarriage will likely not happen. Similarly, menstruation is preceded by a fall in progesterone that appears to trigger uterine evacuation. Indeed, over the last fifty years, several publications have reported significant reductions in progesterone level prior to the onset of labour [START_REF] Yannone | Plasma progesterone levels in normal pregnancy, labor, and the puerperium: II. Clinical data[END_REF][START_REF] Csapo | Peripheral plasma progesterone levels during human pregnancy and labor[END_REF][START_REF] Turnbull | Significant fall in progesterone and rise in oestradiol levels in human peripheral plasma before onset of labour[END_REF] .

Moreover, mifepristone (anti-progesterone medication) is used for the medical termination of viable pregnancies [START_REF] Kulier | Medical methods for first trimester abortion[END_REF] and non-surgical evacuation of first trimester non-viable pregnancies [START_REF] Lelaidier | Mifepristone (RU 486) induces embryo expulsion in first trimester non-developing pregnancies: a prospective randomized trial[END_REF][START_REF] Schreiber | Mifepristone pretreatment for the medical management of early pregnancy loss[END_REF][START_REF] Dunford | Combination therapy with mifepristone and misoprostol for the management of first trimester miscarriage: Improved success[END_REF] . One study failed to confirm these observations [START_REF] Grønlund | Management of missed abortion: comparison of medical treatment with either mifepristone + misoprostol or misoprostol alone with surgical evacuation. A multi-center trial in Copenhagen county, Denmark[END_REF] ; however, the authors investigated gestational age and hCG levels as potential confounders without considering progesterone levels. Indeed, the combination of mifepristone and misoprostol was associated with poorer results when progesterone levels were <10 nmol/L (3 µg/L) [START_REF] Banerjee | The association between serum progesterone and outcome of medical management of early fetal demise: a pilot study[END_REF] .

No complication occurred in patients with progesterone levels below 10 µg/. The rate of complications increased significantly for progesterone levels between 10 and 20 µg/L, suggesting that a progesterone level between these values could be used as a cut off to predict this clinically relevant outcome.

Despite validation of our models with robust statistical methods, our results should still be analysed with caution. ROC curves were obtained based on the same data that were used for building the models. The retrospective design is a limitation, with prospective validation already scheduled. No

Power calculation has been made before analysing the results. The sample size was also limited (151), mostly considering subgroups (33 PUL, 75 IPUV, 32 missed abortions, 11 RPOC) and some outcomes (13 surgical evacuations, 6 complications). The pulsatile production of progesterone 50 could explain the low number (n=9) of values > 45 µg/L, the increased confidence intervals, less significant changes in the outcomes and the horizontal part of the curves for progesterone above 35 µg/L (figures 1, 2a and graphical abstract). Using hCG along with progesterone, as a concomitant predictor, could have been clinically more meaningful [START_REF] Lower | The value of serum levels of oestradiol, progesterone and beta-human chorionic gonadotropin in the prediction of early pregnancy loss[END_REF][START_REF] Osmanağaoğlu | The diagnostic value of beta-human chorionic gonadotropin, progesterone, CA125 in the prediction of abortions[END_REF][START_REF] Filicori | Neuroendocrine regulation of the corpus luteum in the human. Evidence for pulsatile progesterone secretion[END_REF][START_REF] Serdinsek | Medical management of first trimester missed miscarriage: the efficacy and complication rate[END_REF] and should be analysed in next studies. Gestational age was not integrated into our analyses because it was not easy to assess by ultrasound (PUL, IPUV, missed abortion and RPOC). But it could have been evaluated, less accurately, based on last periods.

As surgical removal was proposed to patients after at least 20 days (10-14 days expectation + 10-14 days post-misoprostol), this delay (20 days) was chosen as cut off. Despite specific guidelines suggesting immediate administration of misoprostol for missed miscarriages and expectant management for RPOC [START_REF] Bagratee | A randomized controlled trial comparing medical and expectant management of first trimester miscarriage[END_REF][START_REF] Black | The impact of introducing medical management on conservative and surgical management for early pregnancy miscarriage[END_REF][START_REF] Beucher | First trimester miscarriages: benefits and harms of different management options[END_REF] , we administrated misoprostol only for patients after an expectant management without full evacuation; potential misclassifications of viable pregnancies as missed miscarriage [START_REF] Bobdiwala | Diagnosis protocols for the management of pregnancy of unknown location: a systematic review and meta-analysis[END_REF] could overrule benefits of medical management on expectant management [START_REF] Bagratee | A randomized controlled trial comparing medical and expectant management of first trimester miscarriage[END_REF][START_REF] Black | The impact of introducing medical management on conservative and surgical management for early pregnancy miscarriage[END_REF][START_REF] Beucher | First trimester miscarriages: benefits and harms of different management options[END_REF] .

In this sample, most women had spontaneous pregnancies with vaginal bleeding, abdominal pain or stress due to a history of miscarriage or of ectopic pregnancy. Patients treated with assisted reproductive technologies were managed up to the first 10 weeks of gestation in the fertility centre of our hospital. Progesterone supplementation, ovarian stimulation, oocyte retrieval procedure, delayed transfer of frozen embryos, could all be potential sources of bias.

Nevertheless, the results of this study are in line with several previous publications [START_REF] Daya | Luteal support: Progestogens for pregnancy protection[END_REF][START_REF] Lower | The value of serum levels of oestradiol, progesterone and beta-human chorionic gonadotropin in the prediction of early pregnancy loss[END_REF][START_REF] Osmanağaoğlu | The diagnostic value of beta-human chorionic gonadotropin, progesterone, CA125 in the prediction of abortions[END_REF][START_REF] Al-Sebai | The role of a single progesterone measurement in the diagnosis of early pregnancy failure and the prognosis of fetal viability[END_REF][START_REF] Al-Ramahi | Serum progesterone in predicting pregnancy outcome after assisted reproductive technology[END_REF][START_REF] Lien | The duration of luteal phase support by progesterone in fresh transfer cycles can be determined by corpus luteum rescue or not[END_REF][START_REF] Verhaegen | Accuracy of single progesterone test to predict early pregnancy outcome in women with pain or bleeding: meta-analysis of cohort studies[END_REF][START_REF] Pillai | Role of serum biomarkers in the prediction of outcome in women with threatened miscarriage: a systematic review and diagnostic accuracy meta-analysis[END_REF][START_REF] Lek | Validation of serum progesterone <35 nmol/L as a predictor of miscarriage among women with threatened miscarriage[END_REF][START_REF] Memtsa | Maternal serum markers in predicting successful outcome in expectant management of missed miscarriage[END_REF][START_REF] Coomarasamy | A Randomized Trial of Progesterone in Women with Bleeding in Early Pregnancy[END_REF][START_REF] Coomarasamy | A Randomized Trial of Progesterone in Women with Recurrent Miscarriages[END_REF][START_REF] Yannone | Plasma progesterone levels in normal pregnancy, labor, and the puerperium: II. Clinical data[END_REF][START_REF] Csapo | Peripheral plasma progesterone levels during human pregnancy and labor[END_REF][START_REF] Turnbull | Significant fall in progesterone and rise in oestradiol levels in human peripheral plasma before onset of labour[END_REF][START_REF] Kulier | Medical methods for first trimester abortion[END_REF][START_REF] Lelaidier | Mifepristone (RU 486) induces embryo expulsion in first trimester non-developing pregnancies: a prospective randomized trial[END_REF][START_REF] Schreiber | Mifepristone pretreatment for the medical management of early pregnancy loss[END_REF][START_REF] Dunford | Combination therapy with mifepristone and misoprostol for the management of first trimester miscarriage: Improved success[END_REF][START_REF] Banerjee | The association between serum progesterone and outcome of medical management of early fetal demise: a pilot study[END_REF] .

Moreover, Van Calster et al [START_REF] Van Calster | Managing pregnancy of unknown location based on initial serum progesterone and serial serum hCG: development and validation of a two-step triage protocol[END_REF] already suggested a cut-off progesterone level < 2 nmol/L (0.63 µg/L) as the first step for PUL management and to define failed PUL associated with no risk of developing a complicated ectopic pregnancy. According to a recent systematic review and meta-analysis, single measurements of progesterone/hCG ratio predict viability better than a more complex model based on the hCG ratio in 48 hours and the Log of the average hCG level (the M4 model [START_REF] Van Calster | Rationalizing the management of pregnancies of unknown location: temporal and external validation of a risk prediction model on 1962 pregnancies[END_REF] ) but was less robust to predict ectopic pregnancy [START_REF] Filicori | Neuroendocrine regulation of the corpus luteum in the human. Evidence for pulsatile progesterone secretion[END_REF] . Despite reported uses of progesterone level, hCG ratio and M4 model to predict the outcomes of PUL, clinicians should not ignore the use of more simple anamnestic screening for risks factors of ectopic pregnancy, such as a history of ectopic pregnancy, tubal infection or surgery, bowel surgery (appendectomy), endometriosis, infertility, or assisted reproductive technology, progestogen-only contraception, or intrauterine contraceptive device, smoking during conception, and spontaneous or induced abortion [START_REF] Sivalingam | Diagnosis and management of ectopic pregnancy[END_REF] . Also, in order to predict the viability of IPUV, future research should evaluate potential improvements with the combination of progesterone levels and other predictor candidates, such as parity, history of miscarriage, age of the patient [START_REF] Dai | Effect of maternal age on spontaneous abortion during the first trimester in Northeast China[END_REF] , gestational age, hCG levels [START_REF] Lower | The value of serum levels of oestradiol, progesterone and beta-human chorionic gonadotropin in the prediction of early pregnancy loss[END_REF][START_REF] Osmanağaoğlu | The diagnostic value of beta-human chorionic gonadotropin, progesterone, CA125 in the prediction of abortions[END_REF] , CA 125 [START_REF] Pillai | Role of serum biomarkers in the prediction of outcome in women with threatened miscarriage: a systematic review and diagnostic accuracy meta-analysis[END_REF] , the extent of bleeding, mean gestation sac diameter (MSD) and mean yolk sac diameter [START_REF] Bottomley | Accurate prediction of pregnancy viability by means of a simple scoring system[END_REF] .

To conclude, low serum progesterone levels can predict miscarriages and probably also their swift non-surgical evacuation without complication, thus could differentiate them from high-risk missed or incomplete miscarriages (with higher serum progesterone levels) which would benefit from surgical removal (once their viability is ruled out for sure). After more detailed evaluation of clinical and cost effectiveness in future studies, the implementation of progesterone measurements in clinical practice could be taken into consideration for all of these very common early pregnancy issues. 
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  One hundred fifty-one pregnancies were registered with concomitant serum progesterone measured at the initial diagnosis: 33 cases of PUL (33/151, 21.8%), 75 cases of IPUV (75/151, 49.7%), 32 missed abortions (32/151, 21.1%), and 11 RPOC (11/151, 7.3%). Of these, 20 PUL (20/33, 60.6%) and 41 IPUV (41/75, 54.7%) were non-evolutive pregnancies, making a total of 104 complete, incomplete or missed miscarriages (104/151, 68.9%) after inclusion of the 32 missed abortions and 11 RPOC. Of these 104 non-evolving pregnancies, 91 (91/104, 87.5%) were fully evacuated without surgery;

these evacuations occurred less than 20 days after the initial diagnosis for 58/99 patients (64%) and over 20 days for 33/91 cases (36%). So, 13 surgical evacuations (13/104, 12.5%) were performed; 8 occurred after 20 days, including three complications (one preoperative haemorrhage and one suspected infection both with indications for urgent D&C, one haemorrhage reported during a nonurgent D&C). Three patients developed complications before 20 days after initial diagnosis (one haemorrhage and two suspected infections), and required faster surgical removal. One surgical evacuation was performed upon patient request and another because of a suspected trophoblastic disease (overturned by histological analysis). Finally, 98.7% (149/151) followed our EPU guidelines.

Of the 47 evolving cases (including 13 PUL), 46 (98%, including 12 PUL) were viable (intrauterine) pregnancies and one was ectopic and successfully treated with methotrexate. So, 98% of the prediction of evolutive pregnancy corresponded to the prediction of viability. Curettage and hysteroscopy were the only surgical interventions included in this study as surgical removal.
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