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Abstract: Background: We aimed to identify clinical characteristics and outcomes for each placental
type of vasa previa (VP). Methods: Placental types of vasa previa were defined as follows: Type
1, vasa previa with velamentous cord insertion and non-type 1, vasa previa with a multilobed or
succenturiate placenta and vasa previa with vessels branching out from the placental surface and
returning to the placental cotyledons. Results: A total of 55 cases of vasa previa were included in
this study, with 35 cases of type 1 and 20 cases of non-type 1. Vasa previa with type 1 showed a
significantly higher association with assisted reproductive technology, compared with non-type 1
(p = 0.024, 60.0% and 25.0%, respectively). The diagnosis was significantly earlier in the type 1 group
than in the non-Type 1 group (p = 0.027, 21.4 weeks and 28.6 weeks, respectively). Moreover, the
Ward technique for anterior placentation to avoid injury of the placenta and/or fetal vessels was
more frequently required in non-type 1 cases (p < 0.001, 60.0%, compared with 14.3% for type 1).
Conclusion: The concept of defining placental types of vasa previa will provide useful information
for the screening of this serious complication, improve its clinical management and operative strategy,
and achieve more preferable perinatal outcomes.

Keywords: vasa previa; diagnosis; management; cervical length; tocolysis; cervical cerclage; the
Ward technique

1. Introduction

Vasa previa (VP) is a serious obstetric complication that can result in fetal exsanguina-
tion due to the laceration of unprotected fetal vessels which run through the membrane in
close proximity to the internal cervical os [1]. The incidence of VP has been estimated to be
one in 2500 pregnancies [2], and morbidity and mortality are very high if the diagnosis of
the condition is uncertain before the rupture of membranes and labor onset [2].

Recently, obstetricians seem to be more cautious in the screening of umbilical cord
insertion, owing to the increased attention and accumulated knowledge of VP, including
risk factors such as velamentous cord insertion, the presence of second-trimester placenta
previa, and pregnancy by assisted reproductive technology (ART) [3–6]. In fact, the recent
awareness of VP detection and management has greatly improved neonatal mortality
and morbidity [7–9]. However, in the obstetrical practice, the diagnosis of VP remains a
challenge, especially in cases where fetal vessels branch out from the placental surface
and return to the placental cotyledons in a “boomerang orbit” [6,10] or in cases where
umbilical veins have a slow blood velocity adjacent to maternal blood perfusing through
the placental intervillous space [11]. Additionally, the management of VP cases with
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premature uterine contractions or progressive cervical shortening far from term, as well as
peri-operative strategies such as a safe approach to the fetus without injuring the placenta
and/or velamentous vessels, have not yet been fully discussed.

Our aims in this study were (1) to identify clinical characteristic and outcomes ac-
cording to each placental type of VP and (2) to provide a more in-depth depiction of the
essential clinical requirements and operative techniques for the effective management of
VP cases and to describe their own particular obstetrical challenges.

2. Materials and Methods
2.1. Study Design and Patients

The medical records of patients complicated with VP and who had undergone perina-
tal management at Osaka City University Hospital between March of 2010 and February of
2021 were retrospectively reviewed. All patients gave their informed written consent, and
the study protocol was approved by the Institutional Review Board (No. 2020-051).

Osaka City University Hospital is a tertiary medical center. Some pregnant women
visit our institution out of to their wish for obstetrical management, and others are referred
by local obstetricians due to the suspicion of high-risk pregnancy at any gestational week
(GW). The routine ultrasound scanning of cervical length and/or umbilical cord insertion
for patients visiting from the first trimester is as follows: after confirmation of GW by
measuring the crown-rump length, a transvaginal ultrasound (TV-US) is performed every
4 weeks until the 24th GW and, thereafter, TV-US is used for those cases suspected of low
placentation. In cases with no abnormal TV-US finding, subsequent use of the device is left
to each obstetrician’s discretion. A trans-abdominal ultrasound (TA-US) for the detection
of umbilical cord insertion is performed between the 16th and 24th GW. In those cases
with suspected VP, TV-US is taken not only in the sagittal plane but also in the non-sagittal
plane. VP is defined as fetal vessels running within 2 cm of the internal cervical ostium.
If the fetal vessels are more than 2 cm apart from the internal cervical ostium after the
diagnosis of VP, those cases are defined as resolution. Low-lying placenta is defined when
the placental edge is found to be within 2 cm from the internal cervical ostium. For those
same cases where it is difficult to distinguish whether veins have originated from the
fetal umbilical vein or from the maternal blood perfusing the placental vascular bed, the
Valsalva maneuver is applied. If the veins are of maternal origin, the blood flow will show
fluctuation simultaneously with maternal breath [11]. Three cases reported previously
were included in this study [11].

The patients in this study, who were diagnosed with VP before 30th GW, were sched-
uled to be hospitalized between 30th–31st GW. Those with symptomatic uterine contrac-
tion and/or shortened cervix were hospitalized at any GW. After hospitalization, routine
cardiotocogram (CTG) monitoring was performed twice a day (for about 40 min) for
asymptomatic patients, and tocolytic treatment was started if any uterine contraction
was observed within 10 to 15 min, even without pain or cervical shortening. The routine
administration of antenatal steroids for fetal lung maturation was refrained from for stable
cases. Cervical cerclage was considered for those cases with a shortened cervix less than
25 mm and recognized before 25th GW. A cesarean section (CS) was planned between
35–36th GW for cases where expectant management was possible. If the VP diagnosis
was made after 30th GW, the patient was admitted soon after the diagnosis and, if the
diagnosis was made after 36th GW, the CS was scheduled immediately. Before the CS,
the operation team, including well-experienced obstetricians, performed meticulous pre-
operational mapping for placental and fetal vessels with TA- and TV-US, especially at the
site where the uterine incision was to be made. For those cases with an anteriorly located
placenta covering the incision site, the Ward technique was planned to avoid injury to
the placenta (Figure 1) [12,13]. Routinely, in cases where fetal vessels course just beneath
the anterior wall, we first hold and lift the fetal presenting part with the intact membrane
after the lateral elongation of the myometrial incision. The membrane is then ruptured,
thus avoiding injury to the fetal vessels [14]. The final determination of the particular
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VP type is based on the findings at delivery and subsequent macroscopic examination of
the placenta. In this study, the placental types for VP were evaluated as follows: type 1,
a velamentous cord insertion into the placenta [1]; type 2, a multilobed or succenturiate
placenta with fetal vessels connecting the placental lobes [1]; type 3, vessels branching
out from the placental surface and returning to the placental cotyledons in a “boomerang
orbit” [6,10]. The two cases with type 3 VP reported previously were also included in this
study [10]. The VP patients were divided into two groups for statistical analysis to elucidate
the clinical differences between the groups: the type 1 group included type 1 VP patients,
and the non-Type 1 group included those patients with either type 2 or type 3 VP placentas.
The standard deviation of birth weight was calculated using software from the Japanese
Society for Pediatric Endocrinology (http://jspe.umin.jp/taikakubirthlongcrossv1.xlsx;
downloaded on 1 March 2021).
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Figure 1. (a) magnetic resonance imaging of a case with the placenta covering whole anterior
uterine wall, indicated by arrowheads, and arrow indicates fetal vessels covering cervical internal
ostium. * indicates placenta after lateral extension of uterine incision (b) and the bleeding from the
maternal vascular bed. Velamentous fetal vessels are visible on the amniotic membrane after the
Ward technique (c).

2.2. Statistical Analysis

Continuous variables were expressed as median (range), and categorical variables
were expressed as numbers (%). Differences between the type 1 group and the non-type 1
group were studied using the Chi-squared test or Fisher’s exact test for categorical variables
and Mann–Whitney U test for continuous variables. A p-value < 0.05 was considered
statistically significant. Analysis was carried out with the BellCurve for Excel (Social
Survey Research Information Co., Ltd., Tokyo, Japan).

3. Results
3.1. Characteristics of the Patients

During the study period, there were 55 women, including three monochorionic di-
amniotic twin pregnancies, which were diagnosed as having VP. Maternal characteristics
by placental group are shown in Table 1. There were 35 cases of type 1 and 20 cases
of non-type 1 (13 cases of type 2 and 7 cases of type 3 placentas). Three women with
monochorionic diamniotic twin pregnancies were included in the type 1 group, and two of

http://jspe.umin.jp/taikakubirthlongcrossv1.xlsx
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these cases were conceived by ART. The number of women who conceived via ART was
significantly higher in the type 1 group than in the non-type 1 group. Thirty-two cases
were referred to our hospital due to VP.

Table 1. Maternal characteristics of the study.

Total
n = 55

Type 1
n = 35

Non-Type 1
n = 20 p-Value

Age 36 (21–49) 38 (21–43) 34 (29–49) 0.759
Gravida 1 (1–6) 1 (1–6) 2 (1–4) 0.308
Parity 0 (0–2) 0 (0–2) 0 (0–1) 0.192

ART, n (%) 26 (47.3%) 21 (60.0%) 5 (25.0%) 0.024
Twin pregnancy, n (%) 3 (5.5%) 3 (8.6%) 0 (0%) 0.293

Referred after VP
diagnosis, n (%) 32 (58.2%) 25 (71.4%) 7 (35.0%) 0.019

ART, assisted reproductive technology. Data are given as median (range) or n (%).

The characteristics of diagnosis and placental location are shown in Table 2. No cases
were recognized as VP after delivery. The GW of diagnosis was significantly earlier in the
type 1 group than in the non-type 1 group (p = 0.027). Among all of the cases, 10 cases
(18.2%) were diagnosed after the 32nd GW. Thirty-seven cases (67.3%) were diagnosed by
the non-sagittal view with TV-US, and the Valsalva maneuver was applied in 11 of these
cases (20.0%) to obtain a better differentiation between maternal and fetal veins. There
were 34 cases (61.8%) with low-lying placenta at the time of diagnosis. At the time of the
CS, low-lying placenta was more frequently observed in the non-type 1 group (p = 0.026).

Table 2. Characteristics of diagnosis and placental location.

Total
n = 55

Type 1
n = 35

Non-Type 1
n = 20 p-Value

Diagnosis of GW 25.1 (18.0–39.0) 21.4 (18.0–39.0) 28.6 (18.3–35.0) 0.027
Diagnosis 5 20th GW,

n (%) n = 16 (29.1%) n = 14 (40.0%) n = 2 (10.0%) 0.029

Diagnosis 5 24th GW,
n (%) n = 26 (47.3%) n = 20 (57.1%) n = 6 (30.0%) 0.097

Diagnosis 5 28th GW,
n (%) n = 34 (61.8%) n = 25 (71.4%) n = 9 (45.0%) 0.099

Diagnosis 5 32th GW,
n (%) n = 45 (81.8%) n = 30 (85.7%) n = 15 (75.0%) 0.530

Non-sagittal plane, n
(%) n = 37 (67.3%) n = 24 (68.6%) n = 13 (65.0%) 1.000

Valsalva maneuver, n
(%) n = 11 (20.0%) n = 4 (11.4%) n = 7 (35.0%) 0.076

Low-lying placenta at
diagnosis, n (%) n = 34 (61.8%) n = 18 (51.4%) n = 16 (80.0%) 0.070

Low-lying placenta at
CS, n (%) n = 29 (52.7%) n = 14 (40.0%) n = 15 (75.0%) 0.026

GW, gestational week. Data are given as median (range) or n (%).

3.2. Clinical Management and Operative Outcomes

Table 3 shows the results of management and operative outcomes. In 31 cases (56.4%),
including three twin pregnancies, tocolytic therapy was necessary (ritodrine hydrochloride
and/or magnesium sulfate), and a steroid for fetal lung maturation was given in 9/13 cases
(69.2%) delivered before the 34th GW. An abnormal fetal heart rate pattern without uterine
contractions was detected in one case in the type 1 group, and this case exhibited a relatively
thick artery near the internal ostium (Figure 2). Cervical cerclage via the McDonald
technique was performed in two cases in the type 1 group. One of these cases was a
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singleton pregnancy at 20th GW and a cervical length of 2.1 cm, delivered by CS at
33rd GW. The other was a monochorionic-diamniotic pregnancy case at 20th GW and a
cervical length of 1.7 cm, delivered by CS at 31st GW; this patient had a previous history
of preterm singleton delivery at 34th GW. Blood flow of fetal vessels was confirmed post-
cerclage in both cases (Figure 3). Resolution was observed in 12 cases (21.8%) in total. An
emergent CS was performed in 25 cases with increased uterine contractions and in one case
with an indication of hypertensive disorder of pregnancy; none of these cases experienced
the premature rupture of membranes. Although the Ward technique was more frequently
used in the non-type 1 group, the details as to operative outcome showed no significant
difference between the two groups. The transection of the placenta to approach the fetus
was not used in any of the cases. All cases underwent a cesarean section, even in those
cases of resolution of VP.

Table 3. Characteristics of the diagnosis and managements.

Total
n = 55

Type 1
n = 35

Non-Type 1
n = 20 p-Value

GW of admission 31.4 (24.3–39.3) 30.8 (24.3–39.3) 31.8 (24.3–35.8) 0.457
Usage of tocolytic agent, n (%) 31 (56.4%) 20 (57.1%) 11 (55.0%) 1.000
Duration of tocolysis (days) 5 (0–69) 5 (0–68) 4 (0–69) 0.762
First treatment with tocolytics (GW) 30.9 (24.3–34.6) 30.8 (24.3–34.6) 32.1 (24.3–33.1) 0.580
Steroid administration, n/N (%) 15/55 (27.3%) 10/35 (28.6%) 5/20 (25.0%) 1.000
Steroid administration for the cases
delivered before 34th GW, n/N (%) 9/13 (69.2%) 8/9 (88.9%) 1/4 (25.0%) 0.052

Abnormal CTG, n (%) 1 (1.8%) 1 (2.9%) 0 (0%) 1.000
Cervical cerclage, n (%) 2 (3.6%) 2 (5.7%) 0 (0%) 0.529
Resolution, n (%) 12 (21.8%) 9 (25.7%) 3 (15%) 0.503
GW of delivery (GW) 35.1 (30.3–39.3) 35.1 (31.0–39.3) 35.1 (30.3–36.7) 0.937
Emergent CS, n (%) 26 (47.3) 17 (48.6%) 9 (45.0%) 1.000
Operation time (minutes) 56.0 (30–95) 59.0 (30–95) 52.5 (35–95) 0.426
Estimated blood loss (mL) 1290 (400–3400) 1330 (400–3400) 1190 (560–3225) 0.618
Transfusion, n (%) 21 (38.2%) 11 (31.4%) 10 (50.0%) 0.282
Ward method, n (%) 17 (30.9%) 5 (14.3%) 12 (60.0%) <0.001

CTG, cardiotocogram: GW, gestational week: CS, cesarean section. Data are given as median (range) or n (%).
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Figure 2. Abnormal fetal heart rate patterns (a) in a type 1 VP case with relatively large arterial vasa previa at 29th GW (b).
Note that fetal heart rate decelerations were observed without uterine contraction (black arrown in Figure 2a) and relatively
thick velamentous vessel was identified by the trans-vaginal ultrasound scan (yellow arrow head in Figure 2b).
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Figure 3. A monochorionic diamniotic pregnancy case of type 1 VP, with previous history of preterm singleton delivery at
34th GW, showed cervical length of 1.7 cm at 20th GW (a). Blood flow of fetal vessels were confirmed after cervical cerclage
performed. Arrowheads indicate string of cervical cerclage (b). Arrows indicate vasa previa with color Doppler image after
cervical cerclage (c). This patient delivered by CS at 31st GW. The yellow and green stars indicate the cervical length.

3.3. Neonatal Outcomes

Neonatal outcomes are presented in Table 4. There was no clinical difference in
neonatal outcomes, including the standard deviation of the birth weights between the
two groups, and no case necessitated a transfusion for the treatment of anemia caused by
exsanguination. There were four cases with congenital disorders: two cases had infantile
hemangioma, one case had a single umbilical artery yet otherwise normal anatomy, and one
case showed a severe metabolic disorder with hyperammonemia which was normalized
within one month, even though the infant later showed epileptic syndrome in infancy.

Table 4. Neonatal outcomes.

Total
n = 58

Type 1
n = 38

Non-Type 1
n = 20 p-Value

Birth weight (gram) 2221 (1472–2940) 2173 (1472–2775) 2277 (1541–2940) 0.314
Standard deviations of

birth weight −0.02 (−1.30–1.34) −0.05 (−1.30–1.34) 0.25 (−1.14–1.16) 0.239

Female/Male 27/31 20/18 7/13 0.316
Apgar score 1 min 8 (1–9) 8 (1–9) 8 (4–8) 0.178
Apgar score 5 min 9 (6–10) 9 (6–10) 9 (7–9) 0.850

pH of umbilical artery 7.299 (7.172–7.403) 7.308 (7.172–7.403) 7.279 (7.204–7.397) 0.086
Hemoglobin at birth (g/dL) 13.6 (10.9–18.4) 13.6 (10.9–17.4) 13.9 (11.6–18.4) 0.507
Respiratory support, n (%) 39 (70.9%) 26 (74.3%) 13 (65.0%) 0.674
Respiratory support (days) 3 (0–42) 3 (0–30) 3 (0–42) 0.913
Congenital disorders, n (%) 4 (6.9%) 2 (5.3%) 2 (10%) 0.428

Admission days 16 (6–73) 14 (6–59) 16 (6–73) 0.616

No neonate was necessitated with transfusion by exsanguination. Data are given as median (range) or n (%).
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4. Discussion

The percentage of conception by ART was significantly higher in the type 1 VP group.
The timing of diagnosis in the non-type 1 group was 7 weeks later than that in the type 1
group. Cervical cerclage was safely performed in two cases and did not trigger uterine
contractions and the rupture of the membranes, and this potentially enabled for the delay
of an urgent CS. As far as we know, this is the first report to describe cervical cerclage
treatment for VP cases. The Ward technique for anterior placenta was significantly more
frequently necessitated in the non-type 1 VP cases, possibly due to a significantly higher
concomitancy with low-lying placenta at the time of the CS.

It has been argued that the routine screening for VP places considerable demands
on both patients and medical resources. The rate of false-positives and false-negatives
should also be considered. However, our study showed that 25% of non-type 1 VP patients
were diagnosed after the 32nd GW, and some of these cases required advanced techniques
in order to detect VP [10,11]. Furthermore, even when the velamentous insertion site
was recognized to be relatively distant from the internal cervical ostium, some cases
showed a very long, aberrant circumventing vessel running on the membranes covering
it (Figure 4). Therefore, we agree with the proposal that TV-US with Doppler imaging
should be carefully performed at about 32nd GW in patients who have a second trimester
low-lying placenta [15].
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Elective hospitalization and the timing of admission for VP patients remains a matter
of debate [7,15–21]. It is obvious that inpatient management will increase the chances to
monitor uterine activity and abnormal fetal heart rate patterns, and this situation will
therefore increase the rate of medical interventions. In our study, however, the timing
of the delivery was comparable to other reports [18,22–24], and appropriate intervention
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seems to have been undertaken to avoid fetal/neonatal exsanguination. The issue of
elective hospitalization should be further assessed in prospective studies with a larger
patient population.

Catanzarite et al. reported on the use of tocolytics in 67% of singleton VP cases and
95% of twin VP cases, with the first treatment at 30.6 ± 3.2rd GW, and 26.0 ± 3.3rd GW
for singleton and twin pregnancies, respectively [7]. Their frequency of tocolytic use was
comparable with our results. This high frequency of tocolytic use at both centers might be
the result of elective hospitalization, which allowed obstetricians to detect painless uterine
activity by routine CTG monitoring. The rate of cervical shortening in VP management
is also discussed by Maymon et al. [25]. They reported that the odds of an emergency CS
increased by 6.50 (95% confidence interval, 1.02–41.20) for each additional millimeter-per-
week decrease in cervical length, and they suggested the clinical use of cervical length
scanning with the rate of shortening in the management of VP [25]. More recently, several
authors have shown that fetoscopic laser ablation of type 2 VP was technically achievable
and brought favorable outcomes [26–30]. However, this treatment can only be applied in
bilobed- and multilobed-placentas, which perfuse a relatively small segment of placenta
(510%) [30]. Taking into consideration that emergent cerclage is associated with longer
latency periods and better pregnancy outcomes [31–33], our approach to perform cervical
cerclage in cases showing a shortened cervix might potentially be an optional treatment for
all types of VP in the pre-viability and severe prematurity periods.

It has been rarely discussed as to the appropriate incision site of the uterine wall
depending on the location of these vessels. Except in cases where placental invasion into
the myometrium was suspected, we did not change the uterine incision site regardless
of where the placenta was located and/or the fetal vessels coursed in pre-operational
mapping. This technique was first introduced by Ward for cases with anterior placenta
previa [12] and has recently shown to be safely applied in a study of a larger population [13].
We consider that the Ward technique for anterior placentation, and partially the ‘en caul’
technique for the anterior coursing of fetal vessels, might be also safely and successfully
applied for VP cases.

Morphological anomalies of the placenta and cord insertion in ART pregnancies
has been observed for over three decades [14,34,35]. Two speculations are proposed for
these conditions: firstly, disorientation of a polarized zygote as the cause of velamentous
cord insertion [34] and, secondly, superficial implantation of the zygote and subsequent
contact to the opposite uterine wall as the cause of bilobed and succenturiate placentas [35].
Although these theories remain to be further elucidated, our results that 60.0% of type
1 and 25.0% of non-type 1 were conceived via ART might further hint at a mechanistic
relationship between VP and ART. In addition, Torpin’s superficial implantation theory
might explain the reason why non-Type1 cases tend to be diagnosed at a later GW, where
the expansion of uterine volume makes it apparent that the placentas are separately located
from each other [36]. Recent advances of genome-wide studies of placental diseases may
also add helpful information to elucidate the underlying mechanisms [37,38].

There might be some limitations in our study. The first is the retrospective nature
of the study design. The second is that our center is tertiary and, as a result, patients
could be referred at any GW, and the diagnostic protocol was not uniform. The third
is that our management recommended elective hospitalization routinely without any
individual assessment. In addition, we lack the proposal to reduce the burden of screening
and prenatal visit, as well as the consequences of abnormal placentation leading to post-
operative complications [39].

5. Conclusions

Our study suggests that conception by ART has a higher association with type 1 VP
and that the diagnosis of non-type 1 VP tends to be made at a significantly later gestational
week and as much as 7 weeks. However, excellent outcomes for both mothers and neonates
could be achieved by more careful monitoring and adequate measures. Pre-operatively,
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the ideal operative technique to deliver the fetus while avoiding placental and/or fetal
vessel injury should be discussed by all obstetrical team members who are on duty in
emergent situations.

Author Contributions: Conceptualization, D.T.; methodology, D.T. and T.M.; software, T.M.; valida-
tion, K.K., Y.K. and M.T.; formal analysis, D.T. and T.M.; investigation, D.T.; data curation, D.T., A.H.
and A.N.; writing—original draft preparation, D.T.; writing—review and editing, M.K.; visualization,
D.T. and R.K.P.; supervision, M.K.; project administration, D.T. All authors have read and agreed to
the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Osaka City University
Graduate School of Medicine (No.2020-051, 11 June 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Catanzarite, V.; Maida, C.; Thomas, W.; Mendoza, A.; Stanco, L.; Piacquadio, K.M. Prenatal sonographic diagnosis of vasa previa:

Ultrasound findings and obstetric outcome in ten cases. Ultrasound Obstet. Gynecol. 2001, 18, 109–115. [CrossRef]
2. Oyelese, K.O.; Turner, M.; Lees, C.; Campbell, S. Vasa previa: An avoidable obstetric tragedy. Obstet. Gynecol. Surv. 1999, 54,

138–145. [CrossRef]
3. Oyelese, K.O.; Schwärzler, P.; Coates, S.; Sanusi, F.A.; Hamid, R.; Campbell, S. A strategy for reducing the mortality rate from

vasa previa using transvaginal sonography with color Doppler. Ultrasound Obstet. Gynecol. 1998, 12, 434–438. [CrossRef]
4. Lee, W.; Lee, V.L.; Kirk, J.S.; Sloan, C.T.; Smith, R.S.; Comstock, C.H. Vasa previa: Prenatal diagnosis, natural evolution, and

clinical outcome. Obstet. Gynecol. 2000, 95, 572–576. [CrossRef] [PubMed]
5. Oyelese, Y.; Catanzarite, V.; Prefumo, F.; Lashley, S.; Schachter, M.; Tovbin, Y.; Goldstein, V.; Smulian, J.C. Vasa Previa: The Impact

of Prenatal Diagnosis on Outcomes. Obstet. Gynecol. 2004, 103, 937–942. [CrossRef] [PubMed]
6. Derbala, Y.; Grochal, F.; Jeanty, P. Vasa previa. J. Prenat. Med. 2007, 1, 2–13. [PubMed]
7. Catanzarite, V.; Cousins, L.; Daneshmand, S.; Schwendemann, W.; Casele, H.; Adamczak, J.; Tith, T.; Patel, A. Prenatally

Diagnosed Vasa Previa: A Single-Institution Series of 96 Cases. Obstet. Gynecol. 2016, 128, 1153–1161. [CrossRef]
8. Swank, M.L.; Garite, T.J.; Maurel, K.; Das, A.; Perlow, J.H.; Combs, C.A.; Fishman, S.; Vanderhoeven, J.; Nageotte, M.; Bush, M.;

et al. Vasa previa: Diagnosis and management. Am. J. Obstet. Gynecol. 2016, 215, e1–e223. [CrossRef] [PubMed]
9. Sullivan, E.A.; Javid, N.; Duncombe, G.; Li, Z.; Safi, N.; Cincotta, R.; Homer, C.S.E.; Halliday, L.; Oyelese, Y. Vasa Previa Diagnosis,

Clinical Practice, and Outcomes in Australia. Obstet. Gynecol. 2017, 130, 591–598. [CrossRef] [PubMed]
10. Suekane, T.; Tachibana, D.; Pooh, R.K.; Misugi, T.; Koyama, M. Type-3 vasa previa: Normal umbilical cord insertion cannot

exclude vasa previa in cases with abnormal placental location. Ultrasound Obstet. Gynecol. 2020, 55, 556–557. [CrossRef] [PubMed]
11. Nakai, K.; Tachibana, D.; Tahara, M.; Misugi, T.; Koyama, M. How to differentiate the fetal velamentous vein from maternal blood

flow in cases with vasa previa. Prenat. Diagn. 2020, 40, 1610–1611. [CrossRef]
12. Ward, C.R. Avoiding an incision through the anterior previa at cesarean delivery. Obstet. Gynecol. 2003, 102, 552–554.
13. Tahara, M.; Tachibana, D.; Hamuro, A.; Misugi, T.; Nakano, A.; Koyama, M. The ward technique for anterior placenta previa.

Arch. Gynecol. Obstet. 2020, 303, 1375–1376. [CrossRef]
14. Oyelese, Y.; Smulian, J.C. Placenta previa, placenta accreta, and vasa previa. Obstet. Gynecol. 2006, 107, 927–941. [CrossRef]

[PubMed]
15. Kulkarni, A.; Powel, J.; Aziz, M.; Shah, L.; Lashley, S.; Benito, C.; Oyelese, Y. Vasa Previa: Prenatal Diagnosis and Outcomes:

Thirty-five Cases From a Single Maternal-Fetal Medicine Practice. J. Ultrasound Med. 2018, 37, 1017–1024. [CrossRef] [PubMed]
16. Rebarber, A.; Dolin, C.; Fox, N.S.; Klauser, C.K.; Saltzman, D.H.; Roman, A.S. Natural History of Vasa Previa Across Gestation

Using a Screening Protocol. J. Ultrasound Med. 2014, 33, 141–147. [CrossRef] [PubMed]
17. Hasegawa, J.; Arakaki, T.; Ichizuka, K.; Sekizawa, A. Management of vasa previa during pregnancy. J. Perinat. Med. 2015, 43,

783–784. [CrossRef] [PubMed]
18. Bartal, M.F.; Sibai, B.M.; Ilan, H.; Katz, S.; Eisen, I.S.; Kassif, E.; Yoeli, R.; Yinon, Y.; Mazaki-Tovi, S. Prenatal Diagnosis of Vasa

Previa: Outpatient versus Inpatient Management. Am. J. Perinatol. 2019, 36, 422–427. [CrossRef]
19. Society of Maternal-Fetal (SMFM) Publications Committee; Sinkey, R.G.; Odibo, A.O.; Dashe, J.S. #37: Diagnosis and management

of vasa previa. Am. J. Obstet. Gynecol. 2015, 213, 615–619.
20. Gagnon, R.J. No.231-Guidelines for the Management of Vasa Previa. Obstet. Gynaecol. Can. 2017, 39, e415–e421. [CrossRef]

http://doi.org/10.1046/j.1469-0705.2001.00448.x
http://doi.org/10.1097/00006254-199902000-00024
http://doi.org/10.1046/j.1469-0705.1998.12060434.x
http://doi.org/10.1097/00006250-200004000-00018
http://www.ncbi.nlm.nih.gov/pubmed/10725492
http://doi.org/10.1097/01.AOG.0000123245.48645.98
http://www.ncbi.nlm.nih.gov/pubmed/15121568
http://www.ncbi.nlm.nih.gov/pubmed/22470817
http://doi.org/10.1097/AOG.0000000000001680
http://doi.org/10.1016/j.ajog.2016.02.044
http://www.ncbi.nlm.nih.gov/pubmed/26944186
http://doi.org/10.1097/AOG.0000000000002198
http://www.ncbi.nlm.nih.gov/pubmed/28796681
http://doi.org/10.1002/uog.20347
http://www.ncbi.nlm.nih.gov/pubmed/31115101
http://doi.org/10.1002/pd.5771
http://doi.org/10.1007/s00404-020-05680-6
http://doi.org/10.1097/01.AOG.0000207559.15715.98
http://www.ncbi.nlm.nih.gov/pubmed/16582134
http://doi.org/10.1002/jum.14452
http://www.ncbi.nlm.nih.gov/pubmed/29048133
http://doi.org/10.7863/ultra.33.1.141
http://www.ncbi.nlm.nih.gov/pubmed/24371109
http://doi.org/10.1515/jpm-2014-0047
http://www.ncbi.nlm.nih.gov/pubmed/25153549
http://doi.org/10.1097/OGX.0000000000000709
http://doi.org/10.1016/j.jogc.2017.08.016


Diagnostics 2021, 11, 1369 10 of 10

21. Jauniaux, E.; Alfirevic, Z.; Bhide, A.G.; Burton, G.J.; Collins, S.L.; Silver, R.; Royal College of Obstetricians and Gynaecologists.
Vasa Praevia: Diagnosis and Management: Green-top Guideline No. 27b. BJOG 2019, 126, e49–e61. [CrossRef] [PubMed]

22. Erfani, H.; Haeri, S.; Shainker, S.A.; Saad, A.F.; Ruano, R.; Dunn, T.N.; Rezaei, A.; Aalipour, S.; Nassr, A.A.; Shamshirsaz, A.A.;
et al. Vasa previa: A multicenter retrospective cohort study. Am. J. Obstet. Gynecol. 2019, 221, 644.e1–644.e5. [CrossRef]

23. Klahr, R.; Fox, N.S.; Zafman, K.; Hill, M.B.; Connolly, C.T.; Rebarber, A. Frequency of spontaneous resolution of vasa previa with
ad-vancing gestational age. Am. J. Obstet. Gynecol. 2019, 221, e1–e646. [CrossRef]

24. Westcott, J.M.; Simpson, M.S.; Chasen, S.; Vieira, L.; Stone, J.; Doulaveris, G.; Dar, P.; Bernstein, P.S.; Atallah, F.; Dolin, C.D.; et al.
Prenatally diagnosed vasa previa: Association with adverse obstetrical and neonatal outcomes. Am. J. Obstet. Gynecol. MFM 2020,
2, 100206. [CrossRef] [PubMed]

25. Maymon, R.; Melcer, Y.; Tovbin, J.; Pekar-Zlotin, M.; Smorgick, N.; Jauniaux, E. The Rate of Cervical Length Shortening in the
Management of Vasa Previa. J. Ultrasound Med. 2018, 37, 717–723. [CrossRef] [PubMed]

26. Quintero, R.A.; Kontopoulos, E.V.; Bornick, P.W.; Allen, M.H. In utero laser treatment of type II vasa previa. J. Matern. Neonatal
Med. 2007, 20, 847–851. [CrossRef] [PubMed]

27. Hosseinzadeh, P.; Shamshirsaz, A.A.; Cass, D.L.; Espinoza, J.; Lee, W.; Salmanian, B.; Ruano, R.; Belfort, M.A. Fetoscopic laser
ablation of vasa previa in pregnancy complicated by giant fetal cervical lymphatic malformation. Ultrasound Obstet. Gynecol.
2015, 46, 507–508. [CrossRef]

28. Johnston, R.; Shrivastava, V.; Chmait, R. Term Vaginal Delivery following Fetoscopic Laser Photocoagulation of Type II Vasa
Previa. Fetal Diagn. Ther. 2014, 35, 62–64. [CrossRef]

29. Chmait, R.H.; Chavira, E.; Kontopoulos, E.V.; Quintero, R.A. Third trimester fetoscopic laser ablation of type II vasa previa. J.
Matern. Neonatal Med. 2010, 23, 459–462. [CrossRef]

30. Chmait, R.H.; Catanzarite, V.; Chon, A.H.; Korst, L.; Llanes, A.; Ouzounian, J.G. Fetoscopic Laser Ablation Therapy for Type II
Vasa Previa. Fetal Diagn. Ther. 2020, 47, 682–688. [CrossRef] [PubMed]

31. Mönckeberg, M.; Valdés, R.; Kusanovic, J.P.; Schepeler, M.; Nien, J.K.; Pertossi, E.; Silva, P.; Silva, K.; Venegas, P.; Guajardo, U.;
et al. Patients with acute cervical insufficiency without intra-amniotic infection/inflammation treated with cerclage have a good
prognosis. J. Perinat. Med. 2019, 47, 500–509. [CrossRef]

32. Li, C.; Shen, J.; Hua, K. Cerclage for women with twin pregnancies: A systematic review and metaanalysis. Am. J. Obstet. Gynecol.
2019, 220, 543–557.e1. [CrossRef] [PubMed]

33. Chatzakis, C.; Efthymiou, A.; Sotiriadis, A.; Makrydimas, G. Emergency cerclage in singleton pregnancies with painless cervical
dilatation: A meta-analysis. Acta Obstet. Gynecol. Scand. 2020, 99, 1444–1457. [CrossRef]

34. Englert, Y.; Imbert, M.; Van Rosendael, E.; Belaisch, J.; Segal, L.; Feichtinger, W.; Wilkin, P.; Frydman, R.; Leroy, F. Morphological
anomalies in the placentae of IVF pregnancies: Preliminary report of a multicentric study. Hum. Reprod. 1987, 2, 155–157.
[CrossRef]

35. Jauniaux, E.; Englert, Y.; Vanesse, M.; Hiden, M.; Wilkin, P. Pathologic features of placentas from singleton pregnancies obtained
by in vitro fertilization and embryo transfer. Obstet. Gynecol. 1990, 76, 61–64. [PubMed]

36. Torpin, R. Classification of Human Pregnancy based on Depth of Intrauterine Implantation of the Ovum*. Am. J. Obstet. Gynecol.
1953, 66, 791–800. [CrossRef]

37. Chiofalo, B.; Laganà, A.S.; Vaiarelli, A.; La Rosa, V.L.; Rossetti, D.; Palmara, V.; Valenti, G.; Rapisarda, A.M.C.; Granese, R.; Sapia,
F.; et al. Do miRNAs Play a Role in Fetal Growth Restriction? A Fresh Look to a Busy Corner. BioMed Res. Int. 2017, 2017, 1–8.
[CrossRef]

38. Laganà, A.S.; Vitale, S.G.; Sapia, F.; Valenti, G.; Corrado, F.; Padula, F.; Rapisarda, A.M.C.; D’Anna, R. miRNA expression for early
di-agnosis of preeclampsia onset: Hope or hype? J. Matern. Fetal Neonatal Med. 2018, 31, 817–821. [CrossRef]

39. Di Gennaro, F.; Marotta, C.; Pisani, L.; Veronese, N.; Pisani, V.; Lippolis, V.; Pellizer, G.; Pizzol, D.; Tognon, F.; Bavaro, D.F.; et al.
Maternal caesarean section infection (MACSI) in Sierra Leone: A case-control study. Epidemiol. Infect. 2020, 27, 148e40. [CrossRef]

http://doi.org/10.1111/1471-0528.15307
http://www.ncbi.nlm.nih.gov/pubmed/30260094
http://doi.org/10.1016/j.ajog.2019.06.006
http://doi.org/10.1016/j.ajog.2019.06.040
http://doi.org/10.1016/j.ajogmf.2020.100206
http://www.ncbi.nlm.nih.gov/pubmed/33345921
http://doi.org/10.1002/jum.14411
http://www.ncbi.nlm.nih.gov/pubmed/28880409
http://doi.org/10.1080/14767050701731605
http://www.ncbi.nlm.nih.gov/pubmed/18050017
http://doi.org/10.1002/uog.14796
http://doi.org/10.1159/000355600
http://doi.org/10.3109/14767050903156718
http://doi.org/10.1159/000508044
http://www.ncbi.nlm.nih.gov/pubmed/32629451
http://doi.org/10.1515/jpm-2018-0388
http://doi.org/10.1016/j.ajog.2018.11.1105
http://www.ncbi.nlm.nih.gov/pubmed/30527942
http://doi.org/10.1111/aogs.13968
http://doi.org/10.1093/oxfordjournals.humrep.a136500
http://www.ncbi.nlm.nih.gov/pubmed/2359567
http://doi.org/10.1016/S0002-9378(16)38556-8
http://doi.org/10.1155/2017/6073167
http://doi.org/10.1080/14767058.2017.1296426
http://doi.org/10.1017/S0950268820000370

	Introduction 
	Materials and Methods 
	Study Design and Patients 
	Statistical Analysis 

	Results 
	Characteristics of the Patients 
	Clinical Management and Operative Outcomes 
	Neonatal Outcomes 

	Discussion 
	Conclusions 
	References

