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Background

Spontaneous hematomas of the umbilical cord are rare and often fatal to the fetus.

Little is known about their mechanism or their risk factors. In view of their rarity, the series are limited. No comparative study enabling the identification of factors associated with these hematomas has been published.

Material and methods

This retrospective case-control study of 13 spontaneous histologically confirmed hematomas of the umbilical cord over a consecutive 16-year period compared the characteristics of the case mothers and fetuses to those of a group of 39 control mothers who gave birth the same day as the case mothers.

Results

In utero death was high in the case group (46.2% vs 0.0%, P<0.001). Third-trimester oligohydramnios (30.8 vs 2.6%, OR=16.9, P=0.01), second-trimester amniocentesis (33.3 vs 5.1%, OR=9.3, P=0.02), and a reduction in fetal movements as perceived by the mother (35.7 vs 7.7%, P=0.02) were significantly associated with spontaneous umbilical cord hematomas.

Conclusion

Third-trimester oligohydramnios and second-trimester amniocentesis appear to be associated with the occurrence of a spontaneous hematoma of the umbilical cord.

Introduction

Spontaneous hematomas of the umbilical cord are rare events in pregnancy; their incidence has been estimated at 1/5500 pregnancies [START_REF] Seoud | Spontaneous umbilical cord hematoma: a rare cause of acute fetal distress[END_REF]. It is not easy to identify the ruptured vessel on the pathology examination, but when this can be done, it is much more often the vein [START_REF] Barbati | Umbilical cord haematoma with altered fetal heart rate[END_REF][START_REF] Sizun | Spontaneous umbilical cord hematoma, a rare cause of acute fetal distress[END_REF][START_REF] Csecsei | Spontaneous haematoma of the umbilical cord with a single umbilical artery[END_REF] than an artery [START_REF] Chou | Spontaneous umbilical cord hematoma diagnosed antenatally with ultrasonography[END_REF][START_REF] Feng | Spontaneous umbilical artery haematoma diagnosed in the third trimester: a case report[END_REF]. Compression of the umbilical vessels induced by a cord hematoma can cause fetal hypoxia or intrauterine death [START_REF] Summerville | Umbilical cord hematoma resulting in intrauterine fetal demise. A case report[END_REF].

Spontaneous hematomas of the umbilical cord have mostly been described in case reports [START_REF] Abraham | Umbilical Cord Haematoma Causing Still Birth-A Case Report[END_REF][START_REF] Gualandri | Spontaneous Umbilical Cord Hematoma: An Unusual Cause of Fetal Mortality: A Report of 3 Cases and Review of the Literature[END_REF][START_REF] Sánchez-Códez | Umbilical Cord Hematoma[END_REF], some combining up to 11 cases [START_REF] Scutiero | Umbilical Cord Hematoma: A Case Report and Review of the Literature[END_REF]. The lack of larger series has thus far prevented any effort to compare cases to controls. It has impeded the study of potential promoting or enabling factors that might illuminate their pathophysiologic mechanism. We thus decided to conduct a first case-control study to identify factors associated with these hematomas.

Material and methods

We report here a retrospective case-control study conducted in our university hospital center. The coding and computerization of the diagnoses of pathology examinations of placentas and umbilical cords performed since January 1, 2001, enabled us to collect and review these reports from that date through December 31, 2017.

Files were considered to be eligible cases if the diagnosis coded was a hematoma of the umbilical cord, regardless of its site or the reason for the examination. This diagnosis was confirmed by the description and the conclusion of the pathological report. These umbilical cord hematomas were all detected at the macroscopic examination of the placenta. They presented as a limited red swelling of the cord (Figure 1a). Cut sections of the umbilical cord showed extensive hemorrhage throughout the Wharton's jelly (Figure 1b). At microscopic examination, numerous fresh red blood cells were dispersed in the Wharton's jelly (Figure 2a), limited to the hematoma area, without capillary proliferation (Figure 2b). Hematomas were all acute, consisted of fresh red blood cells, in a poorly limited way, inside the cord. None contained hemosiderin nor was organized with fibroblastic proliferation (excluding chronic bleeding). In successive cross-sections along hematoma, the wall of the three umbilical vessels was intact, without focal disruption, and their lumen devoid of thrombosis. Immunochemistry with anti CD31 and CD34 antibodies were performed in two cases. It was positive for endothelium of the three umbilical vessels and did not show evidence of other vascular structure. Three control pregnancies were selected for each case: the two who gave birth immediately before the case mother and the one who delivered right after her. We examined the pathology report for each case -placenta including cord -and recorded the size of the hematoma in its largest dimension, as well as any associated placental diseases. All the examinations were reread by the same author. Reviewing the files of both performance of amniocentesis, prenatal abnormalities observed on ultrasound, and, for the pregnancy outcome, gestational age at birth, mode of delivery, birth weight, umbilical artery pH, and 5-minute Apgar score. Oligohydramnios was defined as a maximum pool depth < 2 cm on ultrasonography.

The data were recorded and analyzed with Epi Info software (Version 3.1, Epidata Association, Denmark). Comparisons between percentages used Fisher's exact test, and the means were compared with the Kruskal-Wallis nonparametric test. Percentages are reported in parentheses, and means are reported with the standard deviation of the distribution. Differences were considered significant if P < 0.05.

Results

During the 16-year study period, our hospital performed 10,313 pathology examinations of umbilical cords and placental tissue from fetuses after 15 weeks of gestation (85 060 pregnancy outcomes during the study period). Thirteen of these were diagnosed as umbilical cord hematomas (approximately 1 per 1000 examinations, and 1 per 6500 pregnancy outcomes). Our control group comprised 39 fetuses with an outcome after 15 weeks, including one late miscarriage at 21 weeks and one medically-indicated termination of pregnancy at 25 weeks.

The women whose fetuses had cord hematomas did not differ significantly from the control group in their general characteristics (Table 1), nor were there any significant differences between the groups for birth weight or gestational age at birth. In utero deaths, which accounted for all perinatal mortality, were numerous in the case group and absent in the control group (46.2 vs 0.%, P<0.001). The 13 cases are described in greater detail in Table 2. The length of the hematomas ranged from 3 to 14 centimeters and did not differ significantly between the fetuses that died in utero and those that were live born (P=0.78). In two cases, the size of the hematomas were not mentioned in the pathology report. Velamentous insertion of the cord and a single umbilical artery were found in only one case, and only four other fetuses had any associated placental disease. Four fetuses also presented with thirdtrimester oligohydramnios. 

Discussion

In our study, spontaneous cord hematomas were accompanied by a 46.2% mortality rate, a very high rate that is consistent with earlier reports [START_REF] Gualandri | Spontaneous Umbilical Cord Hematoma: An Unusual Cause of Fetal Mortality: A Report of 3 Cases and Review of the Literature[END_REF]. They were associated with third-trimester oligohydramnios and second-trimester amniocentesis.

Our study is the first comparative study of spontaneous cord hematomas. It nonetheless has limitations due to its retrospective character. It is possible that other cord hematomas occurred during the study period, but were not included in our series because no pathology study was performed, especially if the neonate was well. We cannot verify this point, and it is possible that the cases collected in our study are the most serious rather than the only cases during the period. However, examination of both placenta and cord is common in our hospital, and the hematoma rate we observed was close to that reported by others [START_REF] Seoud | Spontaneous umbilical cord hematoma: a rare cause of acute fetal distress[END_REF]. Nevertheless, because this series does include a comparison with a control group, we think that the possible existence of such a bias does not diminish the value of our results, because the potential selection of the most serious hematomas would only have increased the contrast between the cases and the controls.

Our study shows that the onset of oligohydramnios in the third trimester is associated with the occurence of a cord hematoma. This has not yet been described by other authors, even though oligohydramnios is associated with post-term pregnancies, themselves associated with spontaneous cord hematoma. The mechanism by which a reduction in the quantity of amniotic fluid might promote a cord hematoma is unknown. It can be imagined that repeated episodes of compression of the umbilical vessels between the fetus and the uterine wall might promote local rupture of the tunicae of the umbilical vein and thus enable fetal blood to burst into the Wharton's jelly.

Our study is also the first to identify amniocentesis as a factor potentially associated with spontaneous hematoma of the umbilical cord. We are aware that this association may be due to chance. Nevertheless, we can also imagine an association between amniocentesis during the second trimester and a spontaneous hematoma during the third trimester: involuntary puncture of the umbilical vein during amniocentesis could well create a fragile point in the vein wall. We know that involuntary injuries to the fetus [START_REF] Seeds | Diagnostic mid trimester amniocentesis: how safe?[END_REF] or the umbilical cord are possible during amniocentesis [START_REF] Arvis | Injury of the umbilical cord during late amniocentesis[END_REF][START_REF] Klein | Continuous fetal monitoring following third-trimester amniocentesis[END_REF] and that they are all the more likely to occur if the procedure is difficult, or bloody, or performed in fetuses with oligohydramnios. Unfortunately, data about the procedure were available for only two of the four fetuses who underwent it: the amniotic fluid was clear in both cases, and the puncture was considered difficult because of oligohydramnios in one. We do not know whether the umbilical cord was actually punctured or not during these 4 amniocenteses. If it was, we could hypothesize that the hematoma did not occur immediately, or, if it did, that it was not compressive, since fetal movements remained normal throughout the third trimester in all 4 cases. Umbilical cord abnormalities have been described as potentially responsible for spontaneous umbilical cord hematomas [START_REF] Shipp | Sonographically detected abnormalities of the umbilical cord[END_REF][START_REF] Tantbirojn | Gross Abnormalities of the Umbilical Cord: Related Placental Histology and Clinical Significance[END_REF][START_REF] Sepulveda | Fetal death due to umbilical cord hematoma: A rare complication of umbilical cord cyst[END_REF]. However, in our study, only one umbilical cord had only a single umbilical artery, with a velamentous cord insertion as well.

Finally, there is a theoretical possibility that amniocentesis, oligohydramnios, and cord hematoma might be three elements in a single sequence. However, the evidence in our series is inadequate to support this hypothesis: although 2 of 13 fetuses had both amniocentesis in the second trimester and oligohydramnios during the third, two others had had amniocentesis but no oligohydramnios, and two more oligohydramnios alone during the third trimester. The small number of cases in our series prevents us from advancing further in interpreting our results.

Most of the time, hematoma of the umbilical cord is diagnosed retrospectively, even if a few cases have been identified antenatally by ultrasonography [START_REF] Chou | Spontaneous umbilical cord hematoma diagnosed antenatally with ultrasonography[END_REF][START_REF] Feng | Spontaneous umbilical artery haematoma diagnosed in the third trimester: a case report[END_REF][START_REF] Sutro | Prenatal observation of umbilical cord hematoma[END_REF]. A decrease in fetal movements [START_REF] Ghosh | Fetal loss from umbilical cord abnormalities--a difficult case for prevention[END_REF][START_REF] Gregora | Umbilical cord haematoma: a serious pregnancy complication[END_REF] and an abnormal fetal heart rate [START_REF] Barbati | Umbilical cord haematoma with altered fetal heart rate[END_REF][START_REF] Towers | The fetal heart monitor tracing in pregnancies complicated by a spontaneous umbilical cord hematoma[END_REF] have been mentioned as signs associated with an umbilical cord hematoma. However, in our study, spontaneous cord hematomas were not associated with fetal heart rate abnormalities. One third of the case mothers reported a reduction in fetal movements immediately before the admission, but this sign did not enable us to save any fetus in our series, even when the fetus was alive at arrival. Finally, prolonged pregnancy did not appear to be a risk factor for cord hematoma in our study, although this association has previously been reported [START_REF] Scutiero | Umbilical Cord Hematoma: A Case Report and Review of the Literature[END_REF][START_REF] Clare | Intrauterine death from umbilical cord hematoma[END_REF]. In one of those cases, the pathology examination showed a thinning of the umbilical vein wall, and the mechanism suggested by the authors to explain the hematoma was an increased risk of elastic fiber dissociation in the vein at an advanced gestational age [START_REF] Clare | Intrauterine death from umbilical cord hematoma[END_REF]. Our study does not contradict the existence of this association, since all spontaneous cord hematomas occurred after 37 weeks in our series. Moreover, the percentage of prolonged pregnancies > 41 weeks was three times higher in the cord hematoma group, although this difference was not significant, perhaps because of the small size of our sample. Moreover, some risk factors mentioned by other authors, including a short cord [START_REF] Seoud | Spontaneous umbilical cord hematoma: a rare cause of acute fetal distress[END_REF][START_REF] Feldberg | Hematoma of the umbilical cord with acute antepartum fetal distress. A case report[END_REF] or chorioamnionitis [START_REF] Yoshida | Umbilical cord hematoma: association with chorioamnionitis and funisitis[END_REF] could not be examined in our study, because pathology examinations of the placenta were not routinely performed among the controls.

Accordingly, although the case group included one case of velamentous insertion, two cases of chorioamnionitis, and no short cords, it is impossible to say whether these factors are risk factors in our study.

In conclusion, even though umbilical cord hematoma is difficult to study because of its rarity, we were able to show that -compared with a control seriesoligohydramnios during the third trimester and amniocentesis during the second trimester appear to be real risk factors for spontaneous cord hematoma. Apart from performing amniocentesis less often, which is becoming increasingly possible with the development of noninvasive techniques of antenatal diagnosis, it appears difficult to prevent the occurrence of these spontaneous hematomas, which remain an unpredictable complication. 

  

Table 3

 3 describes the factors associated with cord hematomas. Spontaneous umbilical hematomas were significantly associated with third-trimester oligohydramnios (30.8 vs 2.6%, OR=16.9[1.4 -451], P= 0.01) and amniocentesis during the second trimester (33.3 vs 5.1%, OR=9.3 [1.1 -91], P=0.02). One third of the case mothers reported a reduction in fetal movements immediately before admission (35.7 vs 7.7%, OR=7.5 [1.2 -52], P=0.02), but only one had a fetus still alive when she arrived at our hospital (and this fetus died during antenatal maternal surveillance). Finally, spontaneous cord hematomas were not associated with fetal growth restriction, premature rupture of the membranes, or fetal heart rate abnormalities in our series.

Table 1 .

 1 Maternal, prenatal, and neonatal characteristics among cases and controls

	Characteristics

Table 2 .

 2 Description of the 13 cases with spontaneous umbilical cord hematoma. IUFD: in utero fetal death, NA: not available, FGR: fetal growth restriction < 3rd percentile, SUA: single umbilical artery

		Neonatal	Length of	Gesta-	Birth	Prenatal abnormalities on 3 rd	Amnio-	Associated placental disease
		condition	hematoma	tional age	weight	trimester ultrasound	centesis	
			(cm)*	(weeks)	(g)			
	1	IUFD	14	41	3050	Oligohydramnios	-	-
	2	IUFD	13	39	3460	-	-	Placental infarction (10%)
	3	IUFD	8	39	2600	-	Yes	-
	4	IUFD	6	39	2780	-	-	-
	5	IUFD	6	40	3140	-	-	Recent placental hematoma (3 cm)
	6	IUFD	5	38	3310	Oligohydramnios	-	Massive subchorionic thrombosis,
								acute chorioamnionitis+funiculitis
	7	Live	10	40	4070	-	-	-
	8	Live	9	39	3580	Oligohydramnios	Yes	-
	9	Live	8	40	2610	FGR	-	-
	10	Live	6	41	2700	-	-	Acute chorioamnionitis+fetal
								inflammatory response
	11	Live	3	41	4110	-	Yes	-
	12	Live	NA	37	1960	Oligohydramnios, FGR	Yes	Velamentous cord insertion + SUA
	13	Live	NA	40	3420	-	-	-

*Length of hematoma did not differ between fetuses with in utero death and those live born (P=0.78)

Table 3 .

 3 Factors potentially associated with spontaneous umbilical hematomas

	Cases	Controls	Odds Ratio	P
	n=13	n=39		

* FHR: fetal heart rate (only during labor