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Introduction

The aim of prenatal screening is to identify fetal abnormalities in order to provide couples with more accurate information for decision making and to adapt perinatal management. Over the years, increased knowledge in prenatal diagnosis and ultrasound technology has allowed us to detect more anomalies earlier in gestation. In the most severe cases, prenatal diagnosis may result in termination of pregnancy (TOP) for fetal anomaly. In European countries, the prevalence of late TOP varies according to the term of pregnancy and the country's legislation. Third-trimester TOP is only possible in countries such as France, England, Belgium and Finland, provided that the fetus has a severe incurable or lethal condition [START_REF]Abortion Act 1967[END_REF]2). In the other countries, where third-trimester TOP is not allowed, there is a higher prevalence of TOP before 24 weeks [START_REF] Garne | Termination of pregnancy for fetal anomaly after 23 weeks of gestation: a European registerbased study[END_REF][START_REF] Dommergues | de médecine foetale. Termination of pregnancy following prenatal diagnosis in France: how severe are the foetal anomalies?[END_REF].

In 1999, a single-centre survey (Dommergues et al) looked at the reasons for thirdtrimester TOP. Of 305 cases of late TOP, 37% were associated with false-negative results of earlier screening tests [START_REF] Dommergues | The reasons for termination of pregnancy in the third trimester[END_REF]. In 18% of the cases, the findings were not detectable before the third trimester. In 40% of the cases the findings were seen earlier but the poor prognosis for the fetus could not be determined prior to the third trimester. Finally, in 5% of the cases, the decision was postponed to allow women/couples more time to contemplate, although the poor fetal prognosis was established earlier. The aim of the current study was to describe the evolution of the indications for late TOP. The primary endpoint of our study was evaluation of whether better understanding and knowledge of fetal diseases, advanced ultrasound technology and better management in aneuploidy screening changed the number of thirdtrimester TOPs and their indications. Secondary outcomes resulted from analysis of differences between the data of Dommergues et al. and ours on the type of fetal anomalies leading to late TOP.

Material and methods

Study population

This retrospective, observational, cohort study was conducted from January 2005 to November 2014 in our Multidisciplinary Prenatal Diagnosis Centre, which is similar to the one in which the first study was performed. In accordance with French guidelines for pregnancy follow-up, each patient underwent three routine ultrasound exams at around [START_REF] Rossi | Accuracy of ultrasonography at 11-14 weeks of gestation for detection of fetal structural anomalies: a systematic review[END_REF][START_REF] Kersting | Psychological impact on woman after second and third trimester termination of pregnancy due to fetal anomalies versus women after preterm birth-a 14-month follow up study[END_REF] and 32 weeks of gestation. Radiologists, gynaecologists or midwives who belong to our network performed routine ultrasound exams and referred to our prenatal diagnosis centre in the case of abnormalities. In France, first-(or second-) trimester screening for trisomy 21 is offered to all pregnant women. We included all women with confirmed ultrasound fetal anomalies. We excluded from the study the patients with unconfirmed abnormal ultrasound findings and all TOPs before 27 weeks and for maternal medical reasons or stillbirths. The following parameters were extracted from the medical charts: age, gravidity, parity, gestational age (GA) at which i: an abnormality was first identified, ii: the amniocentesis was performed, iii: the final ultrasound findings and investigations (amniocentesis, fetal karyotyping, digestive enzymes, MRI…) are collated (diagnosis) and prognosis was given to the women/couples, iv: the pregnancy was terminated.

Classification of the indications for late pregnancy termination

We categorized our cases in four groups as previously published (5):

-"Late prognosis" group: Fetal prognosis could not be evaluated until the third trimester, although findings in the second trimester were available.

-"Late diagnosis" group: Second-trimester findings probably not detectable due to the apparently late onset of the condition.

-"Late decision" group: Findings, diagnostic and prognostic evaluation completed during the second trimester, but decision to terminate the pregnancy was made later in gestation.

-"Missed diagnosis" group: Third-trimester prenatal findings which should have been identified earlier.

Legislation

French legislation has stipulated since 1975 that late TOP is feasible regardless of gestational age, only if "there is a high probability that the fetus is affected by a particularly severe condition with no effective therapy available at the time of prenatal diagnosis". The termination requires approval by a TOP committee.

Statistical analysis

The information was collected in a computerized database and analyzed using SPSS software (SPSS Inc., Chicago, IL). The descriptive data below indicate either median and interquartile range (IQR: 25th-75th percentile) or mean ± standard deviation. Considering the non-Gaussian distribution of continuous parameters, we used non-parametric statistics. When more than two groups were compared, we used the Kruskal-Wallis test. When the Kruskal-Wallis test indicated significant (P<0.05) between-group differences, post hoc pairwise comparisons were performed using Dunn's multiple comparison test. Pearson's chi-squared or Fisher's exact tests were used for qualitative variables as appropriate. P<0.05 was considered statistically significant.

Results

Patient characteristics

Of the patients referred to our prenatal diagnosis centre between January 2005 and November 2014, 1409 underwent TOP. Pregnancies terminated for maternal medical reasons and in utero foetal deaths were excluded. Also, 27 cases were excluded because of incomplete data. Of the 1409 cases, 205 (14.5%) had TOP after 27 weeks of gestation. All patient characteristics are provided in Table 1 according to the classification of Dommergues et al.. In the overall population, mean patient age was 32 ± 5.8 years, mean parity 0.8 ± 1.0, mean GA at the finding of first anomalies was 25.9 ± 4.8 weeks, mean GA at "diagnosis" was 29.9 ± 3.8 weeks, and mean GA at TOP was 31.7± 3.2 weeks. The mean interval between the first ultrasound finding and diagnosis was 4.1 ± 3.8 weeks and the interval between the final ultrasound and TOP was 1.87 ± 2.3 weeks.

Analysis of the reason leading to late termination of pregnancy (Table 1)

Of the 205 patients, 55 (26.8%) were classified in the "late diagnosis" group. The mean GA at the first ultrasound detection of a fetal anomaly was 31 ± 3.05 weeks, the mean GA at the final finding 32.9 ± 2.58 weeks, and the mean GA at TOP 34.04 ± 2.48 weeks. The mean interval between the diagnosis and TOP was 1.08 ± 0.88 weeks.

Of the 205 patients, 86 (42%) were classified in the "late prognosis" group. The mean GA at the first ultrasound detection of a fetal anomaly was 23.4 ± 2.8 weeks, the mean GA at diagnosis 28.6 ± 2.8 weeks, and the mean GA at TOP 30.1 ± 2.68 weeks. The mean interval between the first ultrasound finding and diagnosis was 5.34 ± 3.45 weeks and between diagnosis and TOP was 1.67 ± 1.73 weeks.

Of the 205 patients, 31 (15.1%) were in the "late decision" group. The mean GA at the first ultrasound detection of a fetal anomaly was 22.35 ± 2.72 weeks, the mean GA at the diagnosis 26.8 ± 4.13 weeks, and the mean GA at TOP 30.94 ± 2.6 weeks. The mean interval between diagnosis and TOP was 4.17 ± 3.57 weeks, most probably the time taken for the patients' reflection.

Of the 205 patients, 33 (16.1%) were classified in the "missed diagnosis" group. The mean GA at the first ultrasound detection of a fetal anomaly was 27.3 ± 5.7 weeks, the mean GA at the diagnosis 31.3 ± 3.78 weeks, and the mean GA at TOP 32.8 ± 3.41 weeks. The mean interval between the first ultrasound finding and diagnosis was 4 ± 5.13 weeks and the interval between diagnosis and TOP was 1.58 ± 2.45 weeks.

In the case of "late diagnosis", the interval between diagnosis and TOP was shorter than in the case of "missed diagnosis" or "late prognosis". Because of its definition, the "late decision" group had a longer interval between diagnosis and TOP (P<0.001). TOP was earlier in late prognosis than late diagnosis, despite a longer interval between diagnosis and TOP (11.7 vs 7.6 days, P<0.001). The interval between discovery and diagnosis and between diagnosis and TOP was shorter when diagnosis or prognosis or action was late (P<0.001). The first finding of an anomaly occurred later in the missed diagnosis group than in the late prognosis and late action groups (P<0.001).

Analysis of the cause leading to late termination of pregnancy

The main reasons for TOP are given in Table 2 according to the classification used by Dommergues et al. Distribution of organ anomalies did not differ significantly between the groups [START_REF] Dommergues | The reasons for termination of pregnancy in the third trimester[END_REF]. Neurological defects were the most frequent cause of late TOP, followed by multiple malformation and chromosomal anomalies.

Comparison between the two study periods

During the first period (1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994) There was a significant difference between the two periods (P<0.001) (Table 3). There was a significant increase in cases of late decision and late diagnosis. In contrast, the percentage of TOP for chromosomal anomalies dropped from 54.5% to 14.5% in the late diagnosis group and missed diagnosis decreased dramatically (37% to 16.1%) between the first and second periods. The percentage of late prognosis cases did not change, but neurological causes increased from 38.5% to 83.8%.

Discussion

In the current study, we have evaluated the evolution of medical practice between two periods of 10 years. Despite improvements in techniques and human skills, there has been no overall decrease in third-trimester TOP over the last 20 years. In a recent study in 48 prenatal diagnosis centres in France (4), TOP occurred during the first trimester of pregnancy in 23% of cases, during the second trimester in 65%, and in 12% in the third trimester, which is concordant with the current study. The causes of TOP, however, have changed. In comparison with Dommergues et al, we highlighted that the distribution of patients among the defined groups differed significantly between the two periods. We observed less "missed diagnosis" (16.09% vs 37.05%), and more "late diagnosis" (26.82% vs 18.03%) and "late decision" (15.12% vs 4.91%). Furthermore, the pathologies in the groups have changed.

Cases of "missed diagnosis" decreased more than twofold (37.05 to 16.09%). In the first period, 28% of errors related to dysraphism not seen at the second ultrasound scan (1/33, 3% in the second period). There have been advances in ultrasonographic practices and ultrasound systems, which have evolved since the beginning of ultrasound scanning, from adapted metal flaw detectors producing a simple A-scan to modern, purpose-built, real-time colour flow machines with three-dimensional capability. 3D surfacing imaging was just beginning in 1989, in the middle of the first period, and was not in common use. Nowadays 3D, 4D and MRI are tools used daily to make the diagnosis and prognosis [START_REF] Benson | The history of imaging in obstetrics[END_REF]. Advances in medical technology and the introduction of routine prenatal screening and scanning have allowed the diagnosis of many fetal abnormalities or diseases throughout pregnancy (7-8). Vaknin et al. and Guillem et al. (9-10) found 10-26% of fetal cardiac disease in cases of TOP performed after 22 weeks of gestation and noted an improvement in expertise and technology [START_REF] Allan | Cardiac anatomy screening: what is the best time for screening in pregnancy?[END_REF].

In France, screening for Down syndrome has been recommended in the second trimester since 1997 and in the first trimester since 2009. During the first period, there was no aneuploidy screening. In the second period, the respectively 70% and then 85% sensitivity of these tests allows detection of fetuses with aneuploidies earlier and allows a decrease in the gestational age at TOP for chromosomal abnormalities (third trimester: 27% vs 14.5%). This policy of first-trimester screening is now followed in most countries. Furthermore, ultrasound screening is more accurate in the first trimester and can be used for exhaustive examination of fetal morphology, especially cardiac, before 14 weeks of gestation [START_REF] Rossi | Accuracy of ultrasonography at 11-14 weeks of gestation for detection of fetal structural anomalies: a systematic review[END_REF].

There have been increases in "late diagnosis" (x1.5) and "late decision" (x3). The first increase (late diagnosis) can be explained because some features can only be found on thirdtrimester ultrasound scans (natural history) and new technology has improved the detection of anomalies that were undetectable in the past. Furthermore, new genetic tools for diagnosis did not exist in 1999 and most of them take time to carry out, which results in a delay in making a diagnosis and thus a decision. That can also lead to changes in prognosis because of the combination of these features. The latter increase (late decision) can be explained by an increase in the parents' time for reflection. Some parents waited for religious reasons; others wanted to wait for the results of other exams to refine the diagnosis, even if this did not change the prognosis. The causes were still often chromosomal anomalies, but there were fewer neurological abnormalities in this group.

The "late prognosis" group was stable, but there were twice as many neurological causes of TOP in comparison with the 1999 Dommergues et al. study. This difference is probably related to a wider use of MRI to define cerebral lesions. We wait until 30-32 weeks of gestation to evaluate the gyrus correctly, so the final prognosis is made in the third trimester.

The mean gestational age at diagnosis of anomalies was earlier in the "late prognosis" and "late decision" groups (P<0.001), due to the need to wait for the prognostic assessment and for the parents to decide whether or not to choose TOP. These data allow us to search for a way to decrease the number of late TOPs. Late diagnosis is, per se, impossible to reduce, but it makes sense of the need for the third-trimester ultrasound scan that is performed in a few countries. Nevertheless, there were 4 times fewer TOPs because of chromosomal abnormalities in this group than in the Dommergues et al.

study. This can be explained by improvements in first-trimester aneuploidy screening and knowledge of minor ultrasound signs in the intervening years.

The late prognosis group is difficult to reduce because of the need to wait for the natural history of the disease in order to make an accurate prognosis. Furthermore, this group exists only in countries that allow TOP in the third trimester, which allows more accurate assessment of prognosis and may prevent unnecessary TOP in the second trimester. Late diagnosis is due to the absence of the anomaly in the second trimester because of fetal development.

The missed diagnosis group can be reduced by better second-trimester screening achieved by better training of ultrasonographers and improvement in ultrasound technology. Raupach and Zimmermann (13) consider that diagnosis is often missed because of an unfavourable fetal position, oligohydramnios or twin pregnancy. Mistakes most often concern the fetal heart and skeleton. In our study, we had fewer missed diagnoses than in the literature: 16.1% vs 37-65% (5,9). Aslan et al. [START_REF] Aslan | Termination of pregnancy for fetal anomaly[END_REF] reported that neurological defects (59%) and multiple malformation (8.8%) were found mostly after 22 weeks of gestation. Aneuploidies (17%) (most often Down syndrome) were more frequent before 22 weeks of gestation thanks to first-and secondtrimester screening [START_REF] Dommergues | The reasons for termination of pregnancy in the third trimester[END_REF][START_REF] Barel 0 | Fetal abnormalities leading to third trimester abortion: nine-year experience from a single medical center[END_REF][START_REF] Dickinson | Late pregnancy termination within a legislated medical environment[END_REF], but remained the third most frequent reason for TOP after 22 weeks of gestation [START_REF] Aslan | Termination of pregnancy for fetal anomaly[END_REF][START_REF] Amini | Comparison of ultrasound and autopsy findings in pregnancies terminated due to fetal anomalies[END_REF][START_REF] Ramalho | Critical evaluation of elective termination of pregnancy in a tertiary fetal medicine center during 43 months: correlation of prenatal diagnosis findings and postmortem examination[END_REF]. Aslan et al. performed autopsy in only 37.3% of cases, but in 83% of these it confirmed the prenatal diagnosis. Like other authors [START_REF] Dommergues | The reasons for termination of pregnancy in the third trimester[END_REF][START_REF] Vaknin | Fetal abnormalities leading to termination of singleton pregnancy: the 7-year experience of a single medical center[END_REF][START_REF] Guillem | Trends in elective termination of pregnancy between 1989 and 2000 in a French country (the Isere)[END_REF][START_REF] Aslan | Termination of pregnancy for fetal anomaly[END_REF], Aslan et al. recorded mistakes in obvious diagnoses at the second trimester (dysraphism, anencephaly).

Similarly, Barel et al. [START_REF] Barel 0 | Fetal abnormalities leading to third trimester abortion: nine-year experience from a single medical center[END_REF] observed that in the "no ultrasound before" group all the anomalies can be detected before the third trimester if the patient has had an ultrasound scan during the second trimester.

The period between diagnosis and TOP is important for the patient to take a decision and begin the process of grief. In our study, it was shorter than in many others [START_REF] Vaknin | Fetal abnormalities leading to termination of singleton pregnancy: the 7-year experience of a single medical center[END_REF][START_REF] Barel 0 | Fetal abnormalities leading to third trimester abortion: nine-year experience from a single medical center[END_REF][START_REF] Garne | Termination of pregnancy for fetal anomaly after 23 weeks of gestation: a European registerbased study[END_REF].

Nevertheless, it is better to wait for the parents to be ready even if it takes time: they will recover much better afterwards [START_REF] Geerinck-Vercammen | Coping with termination of pregnancy for fetal abnormality in a supportive environment[END_REF][START_REF] Korenromp | Long-term psychological consequences of pregnancy termination for fetal abnormality: a cross-sectional study[END_REF][START_REF] Kersting | Psychological impact on woman after second and third trimester termination of pregnancy due to fetal anomalies versus women after preterm birth-a 14-month follow up study[END_REF]. TOP can technically be performed in the second or third trimester, but the viability of the fetus at the third trimester can change the decision of some parents [START_REF] Barel 0 | Fetal abnormalities leading to third trimester abortion: nine-year experience from a single medical center[END_REF]. Patients can be faced with an ethical dilemma. Late TOP results in stopping fetal life after viability. However, it may help avoid hasty second-trimester terminations in cases with uncertain prognosis. This study is retrospective, but few files were incomplete. The patients of our two study periods were not included in the same maternity ward, but we used the same TOP protocols and the senior authors (MD, AB) are the same as in the first study, so the bias is limited.

Furthermore, the populations are comparable.

In conclusion, one-third of late TOPs could be avoided by better screening, reducing the time between suspicion of an anomaly and diagnosis. Nevertheless, 68.8% of late TOPs still cannot be performed before the third trimester, and this could be the main benefit of not setting a gestational age limit for TOP.

Legends: 

  , 305 patients underwent late TOP (305/1128, 27%). Dommergues et al. defined 18.03% (55/305) as "late diagnosis", 40% (122/305) as "late prognosis", 4.91% (15/305) as "late decision", and 37.05% (113/305) as "missed diagnosis". During the second period (2009-2014), 205 patients underwent late TOP (205/1409, 14.5%), half less than in the first period. In this second period, 26.8% (55/205) of cases were "late diagnosis", 42% (86/205) "late prognosis", 15.1% (31/205) "late decision", and 16.1% (33/205) "missed diagnosis".

Table 1 :

 1 Patient characteristics according to the classification used by Dommergues et al.

Table 2 :

 2 Indication for late termination of pregnancy according to the classification used by Dommergues et al.

Table 3 :

 3 Comparison between the two periods: 1986-1999 and 1999-2014

Table 1 :

 1 Patient characteristics according to the classification used by Dommergues et al.[START_REF] Garne | Termination of pregnancy for fetal anomaly after 23 weeks of gestation: a European registerbased study[END_REF] 

	All patients	Late diagnosis	Late prognosis	Late decision	Missed diagnosis	p
	(n= 205)	(n=55)	(n= 86)	(n=31)	(n= 33)	

k Mode of delivery (n, %) - Vaginal - Cesarean 199 (97) 6 52(94) 3 85 (99) 1 29 (93) 2 33 (100) 0 0.21 ϕ Weight of birth (mean±SD) (grams) 1805.7 ± 722 2301.5 ± 621 1496.1 ± 638 a 1604.6 ± 463 a 1973.9 ± 790 c, e <0.001 k

  Statistical analysis was performed using Kruskal-Wallis test with Dunn's Multiple Comparison Test χ : Statistical analysis was performed using Pearson's Chi-squared test ϕ: Statistical analysis was performed using Fisher exact test *: Among women who underwent invasive exploration a : Statistically different from late diagnosis group (p<0.001) b : Statistically different from late diagnosis group (p<0.01) c : Statistically different from late diagnosis group (p<0.05) : Statistically different from late prognosis group (p<0.001) e : Statistically different from late prognosis group (p<0.01) Statistically different from late prognosis group (p<0.05) Statistically different from late decision group (p<0.001) h : Statistically different from late decision group (p<0.01) i : Statistically different from late decision group (p<0.05) Abbreviations: SD. Standard deviation; LTP. Late termination of pregnancy

K : d f : g :

Table 2 :

 2 Indication for late termination of pregnancy according to the classification used by Dommergues et al.

	Indication	2005-2014	1986-1994
	Neurological anomaly	55 (27%)	98 (32%)
	Multiple malformation	48 (23%)	69 (23%)
	Chromosomal/genetic	45 (22%)	54 (18%)
	Muscular/skeletal anomalies	14 (7%)	27 (9%)
	Renal anomalies	17 (8%)	27 (9%)
	Cardiac anomalies	8 (4%)	19 (6%)
	Intrauterine growth retardation	14 (7%)	11 (4%)

Table 3 :

 3 Comparison between the two periods: 1986-1999 and 1999-2014

		Current study	Dommergues et al. P
	Late diagnosis	55/205 (27%)	55/305 (18%)	P<0.001
	Late prognosis	86/205 (42%)	122/305 (40%)	
	Late decision	31/205 (15%)	15/305 (5%)	
	Missed diagnosis	33/205 (16%)	113/305 (37%)	
	Person's Chi-squared test		
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