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Abstract: Introduction: The goal of this study was to evaluate the effect of chorionicity on maternal, fetal
and neonatal morbidity and mortality in triplet pregnancies in our environment. Methods: A retrospective
observational study was carried out on triplet pregnancies that were delivered in a tertiary center
between 2006 and 2020. A total of 76 pregnant women, 228 fetuses and 226 live newborns were ana-
lyzed. Of these triplet pregnancies, half were non-trichorionic. We analyzed maternal characteristics
and obstetric, fetal, perinatal and neonatal complications based on their chorionicity, comparing
trichorionic vs. non-trichorionic triplet pregnancies. Prematurity was defined as <34 weeks. We
measured perinatal and neonatal mortality, composite neonatal morbidity and composite maternal
morbidity. Results: Newborns with a monochorionic component had a lower gestational age at
birth, presented greater prematurity under 34 weeks, lower birth weight, greater probability of birth
weight under 2000 g and an APGAR score below 7 at 5 min after birth, more respiratory distress
syndrome and, overall, higher composite neonatal morbidity. The monochorionic component of
triple pregnancies may entail the development of complications intrinsic to shared circulation and
require premature elective termination. This greater prematurity is also associated with a lower
birth weight and to the main neonatal complications observed. These findings are in line with those
that were previously published in the meta-analysis by our research group and previous literature.
Discussion: Triplet gestations with a monochorionic component present a higher risk of obstetric,
fetal and neonatal morbidity and mortality.

Keywords: triplet pregnancy; maternal morbidity; fetal morbidity; perinatal morbidity; neonatal
morbidity; perinatal mortality; chorionicity; monochorionic

1. Introduction

Over the last three decades, social changes in relation to motherhood have promoted
the use of assisted reproductive techniques (ART), thereby increasing the incidence of
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multiple pregnancies [1-3]. After the initial rise in the frequency of triplet pregnancies,
its incidence began to decline and has currently stabilized [4-8] thanks to international
recommendations to minimize the transfer of more than one or two embryos and the
standardization of fetal reduction procedures [9,10]. Thus, at present, it is a rare type
of pregnancy that requires highly complex multidisciplinary obstetrical and neonatal
management in a tertiary referral center [11].

Triplet pregnancies are considered high-risk pregnancies due to the associated
maternal, fetal, perinatal and neonatal morbidity, compared with twin and singleton
pregnancies. In fact, the rates of preterm birth, premature rupture of membranes,
restricted intrauterine growth, prematurity and low birth weight are notably high, as
well as those of neonatal complications associated with prematurity [12-17]. In our
setting, Revello published a study in 2019 describing the prevalence of maternal and
obstetric complications in triplet pregnancies from their experience in another tertiary
hospital in our city, where the most frequently observed obstetric complication in triplet
pregnancies overall is the threat of preterm labor (56%), premature rupture of membranes
(28.9%) and preeclampsia (20.4%) [18]. Similar findings regarding premature labor and
pregnancy-induced hypertensive states have been described in studies of other countries
and settings [12,18-38].

One of the main determinants of the morbidity associated with triplet pregnancy is chori-
onicity or the number of placental masses in the pregnancy. This could be due to the presence
of shared circulation and vascular anastomosis in cases of pregnancies with monochorionic
components (monochorionic and dichorionic triplet pregnancies) and the complications that
may arise, such as twin-to-twin transfusion syndromes (TTTS) or selective intrauterine growth
restriction (SIUGR). In fact, neonatal mortality was found to be mediated by the presence or
absence of TTTS; survival was worse in dichorionic triplets with TTTS, but similar among
dichorionic triplets without TTTS and trichorionic pregnancies [22].

However, chorionicity in triplet pregnancies has been associated with worse perinatal
and neonatal outcomes, and it seems to affect neonatal survival and morbidity regardless
of the presence of TTTS. Indeed, pregnancies with a monochorionic component have
been reported to have a higher risk of prematurity and lower birth weight, ultimately
leading to perinatal death. For instance, Kawaguchi found that monochorionic triplet
pregnancies had a 2.6-fold greater risk of perinatal death compared with trichorionic triplet
pregnancies [12]. In Bajoria’s study, this increased to an 8-fold risk, and this was mainly due
to the higher risk of very low birth weight and prematurity at <30 weeks of gestation [14].
Geipel found that in monochorionic and dichorionic triplets compared to trichorionic
triplets, there was a higher rate of intrauterine fetal death (8.8% vs. 1.5%) and of delivery
at <32 weeks of gestation (47.4% vs. 32.2%) [39]. Indeed, Peress described that dichorionic
triplets delivered on average two weeks earlier than trichorionic triplets [40]. In another
study, Lopes Perdigao described that dichorionic triplet pregnancies were more likely to
deliver before 30 weeks (25.5% vs. 8.3%) and to have very low birthweight neonates (41.8%
vs. 22.2%) [22]. Maia described an increased intrauterine death in non-trichorionic triplets
(8.8% vs. 1.5%) and increased perinatal mortality (5.5- vs. 8-fold higher). In their study,
gestational age at delivery was found to be the main predictor of having no survivors
from a triplet pregnancy, whereas preterm delivery together with the premature rupture of
membranes and TTTS were found to be the main predictors of the number of children alive
at the moment of hospital discharge [41].

In alignment with the observed higher rates of prematurity, low birth weight and
perinatal death, some authors have also described higher rates of neonatal complications
in non-trichorionic triplets. In 2017, Downing noted that non-trichorionic triplets, when
compared to trichorionic triplets, had not only a significantly lower birth weight but
also an increased composite fetal and neonatal morbidity (intrauterine growth restriction,
respiratory distress syndrome, intraventricular hemorrhage and necrotizing enterocolitis),
in addition to an increased risk of perinatal mortality [37]. Adegbite’s study also aligns with
previous literature, showing that dichorionic triplets had a 5.5-fold higher risk of perinatal
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mortality, as well as a higher risk of delivery at <30 weeks and a birth weight of <1000 g. In
addition, they observed higher rates of respiratory distress syndrome and intraventricular
hemorrhage [42]. In another study, Spencer not only showed a lower gestational age at
delivery and lower mean birth weights in dichorionic triplets but also a longer stay at
the neonatal intensive care unit and higher rates of intubation and neonatal sepsis [43].
A recent meta-analysis conducted by Curado et al. found that dichorionic triamniotic
triplets had worse perinatal outcomes than trichorionic triplets, with dichorionic triplets
having a 5-fold higher risk of neurological morbidity, but no differences were found in
composite respiratory and infectious morbidity [17].

To address the global effect of chorionicity on the morbidity and mortality of triplet
pregnancies, our research group recently carried out a systematic review and meta-analysis
of the literature published during the last 15 years and observed that non-trichorionic preg-
nancies had a higher risk of admission to the NICU, respiratory distress, sepsis, necrotizing
enterocolitis and perinatal and intrauterine mortality [16]. This systematic review and
meta-analysis included multiple hospitals in various countries and continents to obtain a
sample that would allow us to observe significant associations among variables in such a
rare obstetric event with such an impact on morbidity and mortality. Nevertheless, recog-
nizing the importance of contextualizing these overall findings with the specific realities
faced by different settings on a daily basis, we conducted this retrospective study in our
center. This study focuses on analyzing the correlation between a range of maternal, fetal,
perinatal and neonatal variables and maternal, fetal, perinatal and neonatal morbidity and
mortality in a set of triplet pregnancies, including a comparative analysis of these variables
according to chorionicity.

2. Materials and Methods
2.1. Sample

This was a retrospective observational study based on a hospital cohort of patients with
triplet pregnancies who gave birth in our center between January 2006 and December 2020.
Our center is a tertiary hospital in the capital city of Spain, Madrid, considered a reference
center for obstetric care and high-risk and multiple pregnancies, and it is among the five
biggest maternity wards in our country. The objective was to determine the prevalence of
triplet pregnancies and associated maternal, fetal, perinatal and neonatal complications
in our setting. To collect the data, a perinatal database based on the medical records of a
tertiary hospital in Madrid, Spain, was reviewed over a period of 15 years. Initial triplet
pregnancies in which first- or second-trimester abortions, miscarriages or fetal reductions
occurred were not included in the study.

2.2. Variables

For all cases, we analyzed parameters related to maternal baseline characteristics,
variables related to conception and pregnancy, obstetric variables, and variables concerning
perinatal and neonatal outcomes.

Regarding the maternal baseline characteristics, the following were collected: maternal
date of birth; maternal age, race and ethnicity (Caucasian, Hispanic, Asian, Arab and other);
and past medical history (pregestational diabetes; thyroid, rheumatological, hematological,
cardiovascular, or renal conditions; and endometriosis). Data on the method of conception
(spontaneous or following assisted reproductive techniques), chorionicity (mono-, di- or
trichorionic), parity, risk index for first-trimester chromosomal abnormalities or trisomies
(low, intermediate, high or unknown) and the performance of invasive tests were also
recorded, as well as the presence of anemia during pregnancy (defined as hemoglobin levels
under 11 g/dL). Triplet pregnancies were diagnosed and chorionicity was established by
ultrasound scan before 14 weeks of pregnancy, determining the number of placental masses,
the presence of amniotic membrane(s) and membrane thickness and the presence of the
lambda or T-sign. Triplet pregnancies were categorized into the following: monochorionic
pregnancies, if the three fetuses shared one placenta and the T-sign could be seen among all
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fetuses; dichorionic pregnancies, if one set of monochorionic triplets sharing one placenta
could be identified with the T-sign between each other, and the other fetus was seen to
have its own placenta with the lambda sign visible; and trichorionic triplet pregnancies, if
the three fetuses had a placenta of their own and, hence, the lambda sign could be seen
among each other.

Regarding obstetric complications, data on the diagnosis of fetal abnormalities, such
as malformations, growth disorders, such as macrosomia, restricted intrauterine growth
(RIUG) or small for gestational age (SGA), and amniotic fluid disorders (oligo or poly-
hydramnios) were collected. Hypertensive states of pregnancy, including pre-eclampsia,
eclampsia, gestational or pregestational hypertension (HT), and gestational diabetes, were
also identified. Admissions for threatened preterm labor (TPL) requiring tocolytic treat-
ment, therapeutic lung maturation, preterm premature rupture of membranes (PPROM),
chorioamnionitis and intrahepatic cholestasis (IHC) were recorded.

Concerning the perinatal period, variables related to the mode of delivery (vaginal
or cesarean section) and the following complications were registered: intrapartum fever,
shoulder dystocia, postpartum hemorrhage and blood transfusion.

Finally, in the neonatal period, data on the following parameters were collected: sex
of the newborn, birth weight in grams, vitality and neonatal resuscitation (NR), where
level I is defined by the aspiration of secretions at birth, level II by use of oxygen through a
nasal cannula, level III by use of positive airway pressure, level IV by airway intubation,
and level V by cardiac massage or medication. Levels of umbilical cord pH at birth and
APGAR score (1 and 5 min after birth), gestational age at birth, intrapartum or neona-
tal mortality and prematurity (<28 weeks, <32 weeks, <34 weeks, <37 weeks) were also
collected. Complications included admission to the neonatal intensive care unit (NICU),
hyaline membrane disease (HMD), respiratory distress syndrome (RDS), necrotizing en-
terocolitis (NEC), retinopathy of prematurity (ROP), severe intraventricular hemorrhage
(IVH) grades III or IV and neonatal sepsis.

Various composite variables were constructed for multivariate regression analysis.
The neonatal morbidity variable was defined as the occurrence of any of the following
complications: NR > 3, pH < 7.10, APGAR 5 min < 7, prematurity <32 weeks, EMH, NEC,
ROP, HIV III-1V, sepsis or RDS. Pregestational comorbidity was defined as the occurrence
of pregestational diabetes, endometriosis or rheumatologic, hematologic, cardiovascular,
renal and thyroid disorders. Obstetric maternal morbidity was defined as the occurrence
of IHC, chorioamnionitis, TPL, PPROM, preeclampsia, gestational HT or pregestational
HT. Growth defects were defined as restricted intrauterine growth (RIUG) or small for
gestational age (SGA). Hypertensive disorders of pregnancy were defined as gestational
hypertension, preeclampsia and eclampsia.

2.3. Study Design and Data Analysis
2.3.1. Descriptive Data

The initial analysis of descriptive data included all of the demographic, maternal,
obstetric, fetal and neonatal variables that have been listed in the previous paragraphs. The
analysis of descriptive data was carried out according to the type of variables measured.
Quantitative variables are presented as median and interquartile range, and qualitative
variables are presented as absolute and relative frequencies. The association between the
quantitative variables of the study and chorionicity (trichorionic triplet pregnancies vs.
non-trichorionic triplet pregnancies) was studied using the Wilcoxon signed-rank test. The
association between qualitative variables and chorionicity was analyzed using Pearson’s
chi-square test or Fisher’s exact test, as appropriate.

2.3.2. Univariate Regression Analysis

Second, a univariate regression analysis based on chorionicity (non-trichorionicity vs.
trichorionicity) was conducted with all the maternal, fetal, perinatal and neonatal variables
mentioned. For the variables that did not show significant differences but that the authors
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considered to be clinically relevant, we constructed composite variables that were then com-
pared between trichorionic and non-trichorionic pregnancies. This was the case for most of
the variables included in the composite neonatal morbidity (NR > 3, pH < 7.10, prematurity
<32 weeks, EMH, NEC, ROP, HIV III-1V and sepsis) and for all the variables included in the
composite obstetric maternal morbidity (IHC, chorioamnionitis, TPL, PPROM, preeclamp-
sia, gestational HT or pregestational HT). For the univariate regression analysis, the unit of
the newborn’s weight was changed from grams to hectograms (dividing the newborn’s
weight by 100) to interpret the results as the variation by 100 g of the newborn’s weight.

2.3.3. Multivariate Regression Analysis

As it has been established in previous literature, prematurity, low birth weight and
neonatal mortality were the most relevant complications in non-trichorionic triplet pregnan-
cies when compared to trichorionic. Therefore, we decided to conduct several multivariate
logistic regressions to deepen our understanding of these variables. The relationship be-
tween each of the complications (neonatal mortality, prematurity <34 weeks, prematurity
<28 weeks, restricted intrauterine growth, small for gestational age, birth weight and neona-
tal morbidity) and a set of multiple explanatory variables was evaluated by multivariate
logistic regression. The selection of the set of explanatory variables for each complication
was carried out by minimizing the Akaike information criterion and following clinical
criteria. The effect size is reported as the odds ratio together with its confidence interval.

For the following variables, the occurrence of the complication was not enough
for a multivariate approach: neonatal mortality, prematurity <28 weeks, restricted in-
trauterine growth and small for gestational age. The univariate logistic regression model
with adjustments for complications and explanatory variables conducted did not add
relevant information.

For all the hypothesis tests performed, p < 0.05 was considered to indicate a statistically
significant finding. All statistical analyses were performed with R Statistical Software
(version 4.2.1; R Foundation for Statistical Computing, Vienna, Austria).

The study protocol was approved by the Ethics Committee for Medical Research on
12 November 2020, with the code OBS 04012020. The study data were stored in a database
created for this purpose until the statistical analysis was performed.

3. Results

From a hospital cohort of 96,784 live newborns in our center between 2006 and 2020, a
total of 76 pregnant women and 228 fetuses resulting in 226 live newborns were analyzed.
This corresponds to 0.06% of all pregnancies and 0.24% of all live newborns (with a rate
of 59.01 triplet pregnancies per 100,000 pregnancies and 235.58 newborns from triplet
pregnancies per 100,000 newborns). Of these triplet pregnancies, a total of 35 (48.68%)
were non-trichorionic.

3.1. Maternal and Demographic Characteristics and Obstetric and Fetal Complications

The maternal and demographic characteristics of the 76 pregnant women are presented
in Table 1A. Three-quarters of the pregnancies were conceived by assisted reproductive
technology, with the most frequently used form being IVE. Regarding the chorionicity of the
pregnancies in our sample, 51.32% of them were trichorionic, 35.53% were dichorionic, and
10.53% were monochorionic. The obstetric and fetal complications in our sample, as well
as between the study groups, are presented in Table 1B,C. None of the variables studied
showed significant differences between the groups.
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Table 1. Maternal demographic characteristics obstetric and fetal complications.
Chorionicity
Non-Trichorionic Trichorionic Total Val
N =351 N =411 N =761 p-value

(A) Maternal and demographic characteristics (N = 76)

Maternal age 34.0 (5.4) 32.5(3.4) 33.2 (4.4) 0.122
Nulliparity 26/35 (74%) 33/41 (80%) 59/76 (78%) 0.54
Ethnicity 0.33

Caucasian 24/27 (89%) 20/26 (77%) 44 /53 (83%)

Hispanic 1/27 (3.7%) 5/26 (19%) 6/53 (11%)

Arabic 2/27 (7.4%) 1/26 (3.8%) 3/53 (5.7%)
Pre-gestational comorbidity 8/35 (23%) 6/41 (15%) 14/76 (18%) 0.44
Pregestational diabetes 1/35 (2.9%) 0/41 (0%) 1/76 (1.3%) 0.53
Thyroid disorders 3/35 (8.6%) 3/41(7.3%) 6/76 (7.9%) >0.93
Hematologic disorders 3/35 (8.6%) 1/41 (2.4%) 4/76 (5.3%) 0.33
Kidney disorders 0/35 (0%) 1/41 (2.4%) 1/76 (1.3%) >0.93
Endometriosis 1/35 (2.9%) 2/41 (4.9%) 3/76 (3.9%) >0.93
Conception method 0.114

Spontaneous 7/30 (23%) 10/38 (26%) 17/68 (25%)

Induction + Al 3/30 (10%) 11/38 (29%) 14/68 (21%)

IVF 20/30 (67%) 17/38 (45%) 37/68 (54%)

High risk for trisomies 19/35 (54%) 20/41 (49%) 39/76 (51%) 0.64
Invasive testing performed 4/35 (11%) 7/41 (17%) 11/76 (14%) 0.54
Gestational anemia 16/29 (55%) 18/36 (50%) 34/65 (52%) 0.74
(B) Obstetric complications (N = 76)
Oligoamnios 1/35 (2.9%) 3/40 (7.5%) 4/75 (5.3%) 0.63
Preeclampsia 3/35 (8.6%) 5/40 (12%) 8/75 (11%) 0.73
Eclampsia 0/35 (0%) 0/40 (0%) 0/75 (0%)
Gestational hypertension 2/35 (5.7%) 2/40 (5.0%) 4/75 (5.3%) >0.93
Pregestational hypertension 0/35 (0%) 1/40 (2.5%) 1/75 (1.3%) >0.93
Threatened preterm labor (TPL) 12/35 (34%) 21/40 (52%) 33/75 (44%) 0.114
Lung maturation with corticosteroids 27/35 (77%) 31/40 (78%) 58/75 (77%) >0.94
Gestational diabetes 5/33 (15%) 1/40 (2.5%) 6/73 (8.2%) 0.0853
Premature rupture of membranes (PROM) 4/35 (11%) 7/41 (17%) 11/76 (14%) 0.54
Chorioamnionitis 1/34 (2.9%) 3/41(7.3%) 4/75 (5.3%) 0.63
Intrahepatic cholestasis (IHC) 3/35 (8.6%) 5/41 (12%) 8/76 (11%) 0.73
Twin-to-twin transfusion syndrome (TTTS) 1/35 (2.9%) 0/41 (0%) 1/76 (1.3%) 0.53
Composite Maternal Comorbidity 20/35 (57%) 27 /41 (66%) 47/76 (62%) 0.44
(C) Fetal complications (N = 228)
Chorionicity
Non-Trichorionic Trichorionic Total, Val
N =105 N =123 N =2281 p-yatue

Malformation 3/105 (2.9%) 1/123 (0.8%) 4/228 (1.8%) 0.22
Intrauterine growth restriction (IUGR) 13/103 (13%) 16/123 (13%) 29/228 (13%) >0.93
Small for gestational age (SGA) 4/103 (3.9%) 10/120 (8.3%) 14/223 (6.3%) 0.24

1 Mean (SD); n/N (%)

2 Wilcoxon rank sum test

3 Fisher’s exact test

4 Pearson’s Chi-squared test

3.2. Perinatal and Neonatal Complications

The descriptive analysis of perinatal and neonatal complications in our sample and their
comparison between non-trichorionic and trichorionic pregnancies is presented in Table 2.

As shown in Table 2A, the analysis of gestational age and prematurity showed that non-
trichorionic triplets were born at a lower gestational age on average, being more likely to be
born before 34 weeks than trichorionic triplets. Figure 1 delves into this finding, showing
how in the multivariate analysis for prematurity before 34 weeks, non-trichorionicity and
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maternal morbidity were found to be risk factors, whereas maternal age >35 years was
found to act as a protective factor.

Table 2. Perinatal and neonatal complications.

(A) Gestational age and prematurity (N = 228)

Chorionicity
E‘ltig;‘lomal' ]T\?:};‘;’;i‘l Total, N=2281  p-Value
Gestational age at delivery (weeks) 0.0143
N 105 120 225
Mean (SD) 31.83 (2.42) 32.35 (2.84) 32.11 (2.66)
Prematurity < 34 78/105 (74%) 69/120 (57%) 147 /225 (65%) 0.0084
Prematurity < 32 33/105 (31%) 30/120 (25%) 63/225 (28%) 0.34
Prematurity < 28 6/105 (5.7%) 9/120 (7.5%) 15/225 (6.7%) 0.64
Prematurity [34-36+6] weeks 30/105 (29%) 54 /120 (45%) 84/225 (37%) 0.0114
Prematurity [32-33+6] weeks 42/105 (40%) 38/120 (32%) 80/225 (36%) 0.24
Prematurity [28-31+6] 24/105 (23%) 18/120 (15%) 42/225 (19%) 0.134
(B) Intrapartum complications (N = 76)
Chorionicity
Non-Trichorionic, Trichorionic, Total, Val
N =351 N =411 N =761 p-value
Cesarean section 33/34 (97%) 39/40 (98%) 72/74 (97%) >0.92
Cesarean indication 0.62
BPP 2/35 (5.7%) 6/41 (15%) 8/76 (11%)
Elective/programmed 15/35 (43%) 20/41 (49%) 35/76 (46%)
Spontaneous labor start 12/35 (34%) 10/41 (24%) 22/76 (29%)
Maternal risk or disorder 4/35 (11%) 3/41 (7.3%) 7/76 (9.2%)
Postpartum hemorrhage 0/35 (0%) 4/41 (9.8%) 4/76 (5.3%) 0.122
Transfusion of blood concentrates 0/35 (0%) 2/41 (4.9%) 2/76 (2.6%) 0.52
(C) Neonatal complications (N = 228)
Chorionicity
Non-trichorinic, Trichorionic, Total, Val
N = 1051 N =1231 N =2281 p-value
Newborn weight 0.0053
N 104 123 227
Mean (SD) 1527 (412) 1686 (443) 1612 (435)
Newborn weight < 1500 g 46/105 (44%) 39/123 (32%) 85/228 (37%) 0.0604
Newborn weight <2000 g 95/105 (90%) 92/123 (75%) 187/228 (82%) 0.0024
Newborn weight < 2500 g 105/105 (100%) 122/123 (99%) 227 /228 (100%) >0.92
pH<7.10 2/101 (2.0%) 0/114 (0%) 2/215 (0.9%) 0.22
Apgar 5 min <7 10/104 (9.6%) 4/122 (3.3%) 14/226 (6.2%) 0.0494
REA >3 33/105 (31%) 27/123 (22%) 60/228 (26%) 0.114
Neonatal ICU admission 38/105 (36%) 32/123 (26%) 70/228 (31%) 0.104
NICU admission time 3.7 (10.1) 2.2 (6.9) 2.9 (8.5) 0.123
NICU admission time > 7 d 15/105 (14%) 22/123 (18%) 37/228 (16%) 0.54
Hyaline membrane disease 32/105 (30%) 46/123 (37%) 78/228 (34%) 0.34
Necrotizing enterocolitis 12/105 (11%) 19/123 (15%) 31/228 (14%) 0.44
Retinopathy of prematurity 13/105 (12%) 23/123 (19%) 36/228 (16%) 0.24
Severe intraventricular hemorrhage 9/105 (8.6%) 19/123 (15%) 28/228 (12%) 0.114
Neonatal sepsis 25/105 (24%) 35/123 (28%) 60/228 (26%) 0.44
Respiratory distress syndrome 75/105 (71%) 65/123 (53%) 140/228 (61%) 0.0044
Composite neonatal morbidity 94/105 (90%) 70/123 (57%) 164/228 (72%) <0.0014
(D) Perinatal mortality (N = 228)
Intrapartum death 1/105 (1.0%) 1/123 (0.8%) 2/228 (0.9%) >0.92
Neonatal death 6/105 (5.7%) 5/123 (4.1%) 11/228 (4.8%) 0.64
1 Mean (SD); n/N (%)

2 Fisher’s exact test
3 Wilcoxon rank sum test
4 Pearson’s Chi-squared test
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The mode of delivery was by cesarean section in practically all cases, as shown in
Table 2B. There were no significant differences in the study variables regarding chorion-
icity. However, postpartum hemorrhage and blood transfusion requirements occurred
exclusively in trichorionic pregnancies.

OR¢ 95% Cl:  p-value
Chorionicity
Trichorial — —
No trichorial 327 1.73, 6.45 <0.001
Maternal age 0.92 0.86, 0.99 0.029
<= 35 years old
> 35 years old 040 020,079 0.008
Obstetrical
maternal morbidity 3.55 1.93, 6.65 <0.001

AIC = 267; No. Obs. =223
1 OR = 0dds Ratio, Cl
= Confidence Interval

Variable N | Odds ratio P
Chorionicity Trichorial 120 Reference

Not trichorial 103 3.27 (1.73, 6.45) <0.001
Maternal age <= 35 years 162 Reference

> 35 years 61 0.40 (0.20, 0.79) 0.008
Obstetrical maternal Morbidity 223 3.55 (1.93, 6.65) <0.001

Figure 1. Multivariate analysis of prematurity before 34 weeks of gestation.

Neonatal complications are described in Table 2C. Specifically, the average birth weight
was 1612 g, which was significantly higher in the trichorional group than the non-trichorional
group. To analyze this finding in detail, we performed a multivariate analysis for the estimation
of the mean birth weight, shown in Figure 2. Non-trichorionicity and IVF were found to be
risk factors for lower birth weight, while maternal age and gestational age were associated
with higher birth weight. As shown in Table 2C,D, in which neonatal complications and
perinatal mortality are described, although 99% of the neonates survived the neonatal period,
a total of 11 (4.8%) cases of neonatal death occurred, all of them in trichorionic pregnancies.
Of those who survived the neonatal period, 26% required major neonatal resuscitation >III),
and two of them obtained a cord pH under 7.10, both of which were from non-trichorionic
pregnancies. A total of 9.6% of the newborns of non-trichorionic pregnancies obtained a
5 min APGAR score < 7, in contrast to 3.3% of the newborns from trichorionic pregnancies.
A total of 34% of the newborns were admitted to the NICU, although the differences according
to chorionicity were not significant. Regarding the main neonatal complication, 61% of the
newborns presented respiratory distress syndrome, which was more frequent among the
newborns of non-trichorionic pregnancies (71% vs. 53%). However, there were no significant
differences in relation to chorionicity for the other neonatal complications.

Beta 95% Clt p-value
Chorionicity
Tricharial — —
Mo frichorial -0.93 -1.8,-0.08 0.032
Maternal age 0.12 0.02,022 0.015
Gestational age 11 098,13 <0.001
Conception
method
Spontaneous — —
Induction+Al -0.80 -2.0,0.39 0z
WF 14 -24,-040 0.006

1Cl = Confidence Interval
Adjusted R* = 0.550; AIC = 1,018; No. Obs. = 204

Variable N i p
Chorionicity Tricharial 114 . Reference

Not trichorial 90 '—I—' -0.93 (-1.78, -0.08) 0.032
Maternal age 204 - 0.12 (0.02, 0.22) 0.015
Gestational age 204 E 3 1.14 (0.98, 1.29) <0.001
Conception method  Spontaneous 51 - Reference

Induction+IA 42 —I—'— -0.80 (-2.00, 0.39) 0.187

IVF 111 — -1.41 (-2.43, -0.40) 0.006

Figure 2. Multivariate analysis of newborn weight.
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Overall, a higher neonatal morbidity was found among newborns of non-trichorionic
pregnancies than among those of trichorionic pregnancies (90% vs. 57%). As shown
in Figure 3, the multivariate analysis for neonatal morbidity showed that newborns of
non-trichorionic pregnancies have an 8.79 times higher risk of developing some type
of morbidity than newborns of trichorionic pregnancies. Furthermore, the lower the
gestational and maternal ages are, the higher the risk of neonatal comorbidity will be.

Event N OR1? 95% Clt p-value
Gestational
age 164 0.41 028,055 <0.001
Newbomn
weight (hg) 164 1.09 0.96.1.25 0.2
Chorionicity
Trichorial 70 — —
Mo trichorial 94 8.79 357,242 <0.001
Maternal age 164 0.90 0.81, 1.0 0.039
AIC =178;MNo. Obs. =225
1 OR = Qdds Ratio, Cl = Confidence Interval
Variable N ‘ Odds ratio P
Gestational age 225 (- 0.41 (0.28, 0.55) <0.001
Birth weight (hg) 225 ] 1.09 (0.96, 1.25) 0.19
Chorionicity Trichorial 120 I Reference
Not trichorial 105 ——— | 8.79(3.57, 24.16) <0.001
Maternal age 225 ] 0.90 (0.81, 0.99) 0.04

'
1 0 20

Figure 3. Multivariate analysis of neonatal morbidity.

4. Discussion
4.1. Main Findings

In the last 15 years, our center delivered 96,784 newborns, of which 228 fetuses and
226 live newborns came from 76 triplet pregnancies, representing 0.24% of newborns.
Taking into account the data of the Spanish National Statistics Institute for 2017 [8], the
prevalence of triplet pregnancies in our center was more than triple the global one at
the national level (77.15 vs. 24 per 100,000 deliveries), which identifies our hospital as a
reference center for multiple pregnancies.

This study shows that triplet pregnancies are a rare obstetric event with high maternal,
fetal and neonatal morbidity and mortality. In the analysis of our data based on chorionicity,
we found that newborns with a monochorionic component had a lower gestational age
at birth, a higher rate of prematurity before 34 weeks, a lower birth weight, a greater
probability of birth weight under 2000 g and a 5 min APGAR score < 7, a higher rate of res-
piratory distress syndrome and, globally, higher composite neonatal morbidity, which was
almost 9 times higher among non-trichorionic newborns. On one hand, non-trichorionic
pregnancies had a higher risk of prematurity under 34 weeks when maternal age was under
35 years and in the presence of maternal morbidity. On the other hand, newborns from
non-trichorionic pregnancies and those from ART had lower birth weights.

Finally, we compare our findings with those previously reported in the literature.
Given the heterogeneity of the published data, the discrete sample size of the studies
and the heterogeneity in the definitions of each variable, our main reference will be the
meta-analysis that was recently carried out by our research team [16], indicating the articles
included in it for the study of each of the variables to be discussed. In addition, we will also
highlight the article by Revello et al. [19], included in the previous meta-analysis, because
it is a retrospective study in another tertiary reference center in our city, whose data cover
a period of time somewhat earlier than ours (2000-2010) and a larger cohort (147 triplets
from 104,656 deliveries, prevalence of 140.5/100,000).
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4.2. Assisted Reproductive Techniques, Demographic and Maternal Characteristics and Obstetric
and Fetal Complications (Table 1)

4.2.1. Prevalence of Triplet Pregnancies and Assisted Reproductive Technologies

In recent decades, a decrease in the number of triplet pregnancies has been observed.
Live newborns of triplet pregnancies have gone from representing 471.03 per 100,000 live
births in 2007 at the time of maximum incidence, to 117.26 per 100,000 live births in
2020. This may be related to the increased regulation of assisted reproductive technology
(ART) in our setting, the minimization of transfers of more than one or two embryos,
and the standardization of intrauterine surgery and fetal reduction procedures. Even so,
three-quarters of our triplet pregnancies were conceived by ART, similar to other published
series [16]. Although no significant differences were found based on chorionicity, a tendency
was observed for monochorionic pregnancies to be twice as likely to come from spontaneous
pregnancies compared to trichorionic and dichorionic pregnancies (50 vs. 26% vs. 17%).
These data are consistent with those reported by Fennessy et al., who found that after the
use of ART, the resulting triplet pregnancy was four times more likely to be trichorionic [20].
The fact that ART increases the risk of multiple pregnancies is largely attributed to the
transfer of more than one embryo, which can result in trichorionic pregnancy but does not
affect the probability of the spontaneous division of a single embryo, which would lead to a
monochorionic pregnancy [21]. On the other hand, embryo transfer in the blastocyst phase,
an increasingly common practice recommended in clinical practice guidelines, seems to be
related to a higher risk of monochorionicity when dividing beyond the fifth or sixth day
of culture [22]. Our sample did not achieve a significant difference, either because of an
insufficient sample size or because of a significant decrease in the transfers of more than
one embryo during the studied period.

4.2.2. Demographic Maternal Characteristics and Obstetric and Fetal Complications

Our sample consisted mainly of young patients, with 18% of women presenting with
pregestational comorbidities, including pregestational diabetes, thyroid, hematological
and renal disorders, as well as endometriosis. There were no cases of cardiovascular or
rheumatological diseases. The ethnic diversity of our sample, with 17% of the pregnant
women being of non-Caucasian descent, facilitates the generalization of our findings to the
general population of our setting in a large cosmopolitan city.

The main obstetric complication in this study, as well as in Revello’s study, was
the threat of preterm labor (TPL), although in both cases, it was more than double the
value reported in the meta-analysis (44% and 56% vs. 26.39%) [16,19], which included
25 studies [12,19,20,23—44]. The precise causes underlying these findings remain unclear,
although they could be explained by the variability of the diagnostic criteria in the cut-off
points of sonographic cervical length, differences in access to a referral hospital and the
bias corresponding to a high-risk population [19]. There were no cases of maternal death.

The prevalence of hypertensive states of pregnancy in our study was similar to that of
Revello and that of our meta-analysis (16.3% vs. 20.4% vs. 14.18%) [16,19]. Nevertheless, as
emphasized in the meta-analysis, there is a notable variability (ranging between 3 and 59%)
among the 34 included studies, which could potentially be attributed to variations in
the definitions used for diagnosis [12,14,19,20,23-31,33-36,38-54]. Preeclampsia occurs in
20-45% of women with multiple pregnancies and 5% of women with singleton
pregnancies [55-58], and there is an established correlation between its severity and the
degree of multiple pregnancies [59]. This increased risk can also be attributed to the fact
that women with triplet pregnancies are predominantly nulliparous and often conceive
through ART, both of which are well-established independent risk factors for preeclampsia.

The proportion of fetal malformations in our study was remarkably lower than
that reported in our meta-analysis (1.8% vs. 6.54%) [16], which included data from
17 studies [12,14,18,20,23,26,28,31,35,36,40,41,43,45-47,60]. This difference may arise from
the fact that our series only included pregnancies resulting in triplet births, without consid-
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ering the initial triplet pregnancies where fetal malformations were detected, leading to
voluntary terminations of pregnancy or selective fetal reductions.

There were also fewer growth defects compared to those reported in our meta-analysis
(13% for IUGR and 6.3% for SGA vs. 34.92% for IUGR/SGA) [16], which included data
from 19 studies [18,20,25,26,28-30,33-36,39,41,43,44,50,53,54,60]. Despite the fact that the
use of specific triplet growth tables instead of universal ones is still controversial, it is a
generalized conception that triplet pregnancies should be considered high-risk pregnancies
for SGA and IUGR. Hence, it might be possible that the use of different growth tables
that might be more or less suitable for a specific population or subpopulation (such as
triplet pregnancies), could account for a certain level of heterogeneity in the identification
of growth defects in previously published studies.

We need to take into consideration that more than half (65%) of the triplet pregnancies
in our sample experienced obstetric complications. Therefore, it is crucial to provide
close monitoring and follow-up, prioritizing screening, early diagnosis, prevention and
the management of both threat of preterm labor and hypertensive states of pregnancy.
However, after comparatively analyzing our data based on chorionicity, we did not find
significant differences in the development of obstetric or fetal complications between the
groups, so it is possible that the increased risk observed in triplet pregnancy compared to
twin pregnancy is due to the number of fetuses rather than chorionicity.

4.3. Perinatal and Neonatal Complications
4.3.1. Prematurity

The main perinatal complication observed in our study was preterm delivery. In our
sample, the proportion of deliveries occurring before 34 weeks was comparable to that reported
in our meta-analysis (65% vs. 57.58%) [16], which included 9 articles [12,23-25,29,36,48,53,61].
However, there was a notable difference in the incidence of births occurring before 32 weeks,
with a lower percentage observed in our study compared to that in the meta-analysis
(28% vs. 40.94%) [16], which included 18 studies [18-20,24,26,28,31,36,43,45,46,52,53,60-64].
Notably, our study revealed a proportion of births occurring before 28 weeks that closely
resembled the findings from Revello’s study, although it was only half of what was
reported in our meta-analysis (6.7% vs. 7.5% vs. 12.92%) [16,19], which included
17 studies [12,18-20,23,25,26,29,31,32,36,43-46,53,64]. This trend toward less pronounced
prematurity in triplet pregnancies in our setting is not entirely surprising. While we have
described that a substantial proportion of obstetric and fetal complications that may require
the early termination of pregnancy, it is presently recommended to electively terminate
triplet pregnancies around 35-36 weeks. This widely accepted recommendation [65], orig-
inating from the study conducted by Khan et al. in 2003 [66], in which they observed a
higher occurrence of stillbirths compared to neonatal deaths beyond weeks 35-36 [67].

In terms of the impact of chorionicity on prematurity, non-trichorionic pregnancies
have a higher probability of preterm birth before 34 weeks, while trichorionic pregnancies
exhibit a notably higher number of newborns delivered between 34 and 36 + 6 weeks.
This disparity could be attributed to the termination of pregnancies affected by intrinsic
complications associated with monochorionic placentas, such as twin-to-twin transfusion
syndrome or knots in the umbilical cords [68,69]. Our meta-analysis indicated that tri-
chorionic triplet pregnancies demonstrated a lower risk of prematurity before 37 weeks
[OR =0.51 95%, CI (0.25, 1.00)] and before 32 weeks [OR = 0.56 95%, CI (0.31, 1.00)], al-
though these differences did not reach statistical significance [16]. These findings align
with some of the studies included in our meta-analysis [12,18,31,43,48]. It is important to
note that the majority of triplet pregnancies result in premature births occurring around
30-32 weeks, with non-trichorionic pregnancies being only 1 to 3 weeks more premature
than trichorionic pregnancies [14,18,47]. Thus, it is not surprising that substantial differ-
ences in overall prematurity or prematurity before 32 weeks based on chorionicity were
not observed.
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Finally, pregnant women with obstetric maternal morbidity face a higher risk of giving
birth before 34 weeks (Figure 1). This observation seems reasonable since conditions like
hypertensive states of pregnancy, intrahepatic cholestasis, preterm ruptured membranes or
the threat of preterm labor may lead to the early termination of pregnancy. Furthermore,
newborns from non-trichorionic pregnancies are more likely to be born before 34 weeks due
to their increased probability of fetal complications that may result in early termination and
preterm birth. The reason why advanced maternal age (>35 years) acts as a protective factor
against prematurity remains to be elucidated, although this finding has been previously
reported in the literature [70].

4.3.2. Delivery and Immediate Postpartum Period

Regarding the mode of delivery, most of our patients underwent cesarean section, since
this is the current recommendation in clinical practice guidelines regardless of the chorionic-
ity of the pregnancy [24]. The proportion of postpartum hemorrhages was found to be half
of what was described by Revello, but similar to the figures reported in our meta-analysis
(5.3% vs. 15.6% vs. 4.58%) [16,19], which included seven studies [26,27,33-35,45,71]. This
variation may be attributed to changes in protocols for managing postpartum hemorrhage
in recent years, promoting more proactive medical management and prevention, and
resulting in reduced interventionism. It is noteworthy that, in our study, postpartum
hemorrhages were only observed in trichorionic pregnancies. This could be due to the
increased number of placentas, which potentially increases the risk of placental implan-
tation defects and associated hemorrhage. However, the authors are not aware of any
publications that study the relationship between chorionicity and postpartum hemorrhage
in triplet pregnancies. In twin pregnancies, chorionicity does not seem to affect the risk of
developing postpartum hemorrhage [72].

4.4. Neonatal Complications

The neonatal data are consistent with previous publications: newborns with a mono-
chorionic component tend to have lower birth weights, poorer APGAR scores, higher rates
of respiratory distress syndrome and overall increased neonatal comorbidity.

4.4.1. Birth Weight

The mean birth weight of the newborns in our sample is similar to the mean birth
weight reported in our meta-analysis (1612 g vs. 1638 g) [16], which comprised
36 studies [12,14,18,20,23,24,26,27,30-37,39-48,50,54,60,62-64,71,73-76]. Regarding the im-
pact of chorionicity on birth weight, newborns from trichorionic pregnancies weighed
significantly more than those from non-trichorionic ones, in line with findings from previ-
ous studies, and this is probably related to the higher prevalence of prematurity.

In our sample, a notable association between birth weight and chorionicity was ob-
served, with newborns from non-trichorionic pregnancies having a higher probability of
weighing less than 2000 g at birth, which is a clinically relevant threshold for monitor-
ing and NICU admission. Although statistical significance was not reached, a similar
trend was observed for very low birth weight (<1500 g), consistent with findings from
previous publications [12,48,77].

Finally, our analysis revealed several factors influencing birth weight. Newborns of
mothers of advanced age and those with a higher gestational age exhibited higher birth
weights. Conversely, those from non-trichorionic pregnancies and pregnancies achieved
by IVF had lower birth weights (Figure 2). Interestingly, this multivariate analysis of
birth weight was not previously examined in our group’s meta-analysis [16], nor in the
study by Revello et al. [19], despite the existence of relevant data published in the lit-
erature for each of these factors. Moreover, the observed direct relationship between
gestational age and birth weight is expected and seems reasonable. Probably for this
same reason, newborns from non-trichorionic pregnancies, which tend to be more prema-
ture, also have lower birth weights, as previously reported by Kawaguchi, Morikawa and
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Lamb et al. [12,48,77]. However, studies by Fennessy and Morency et al., the most relevant
and recent investigations on the impact of ART on triplet pregnancies outcomes, did not
find significant differences in neonatal weight based on the use of IVF [20,26]. A possible
explanation for our findings could be that in our sample, IVF pregnancies were associated
with alterations in placentation, which, in turn, could be related to growth defects and
lower birth weight. Finally, the relationship between advanced maternal age and higher
birth weight has already been described by Salihu et al. [74], although the underlying
pathophysiological explanation remains to be clarified.

4.4.2. APGAR Scores, NICU Admission and Neonatal Complications

The percentage of APGAR scores below 7 at 5 min in triplet pregnancies was similar to
that observed in our meta-analysis (6.2% vs. 8.38%) [16]. Our data show that neonates born
from non-trichorionic pregnancies, which generally have higher neonatal morbidity rates,
also tend to have worse APGAR scores. However, we have evidence from only two previous
studies that analyzed the impact of chorionicity on the percentage of 5 min APGAR scores
below 7, and no significant differences were observed in those studies [12,50].

In our sample, no significant differences were observed in terms of chorionicity
and admission to the NICU, unlike previous studies that reported a higher frequency
of NICU admissions for newborns from non-trichorionic pregnancies [12,42,43]. However,
it should be noted that the total number of admissions in our sample was significantly lower
compared to what was reported in our meta-analysis (31% vs. 78.69%), which included
18 studies [12,16,23,26-30,35-37,40-43,45,50,52,78]. The extent to which improvements in
maternal and perinatal management, as well as in neonatal care for triplet pregnancies,
have influenced the criteria for NICU admission remains uncertain.

Respiratory distress syndrome emerged as the predominant neonatal complication,
presenting significant differences based on chorionicity, with higher prevalence among non-
trichorionic neonates (71% vs. 53%), consistent with previous literature [12,14,43,47,50].

Moreover, it is noteworthy that our sample demonstrated a higher percentage of
neonatal sepsis compared to our previous meta-analysis (26% vs. 5.48%) [16], which
encompassed 17 studies [12,14,23,26-31,35,36,40,44,47,50,73,78]. This observation could po-
tentially be associated with the increased frequency of the premature rupture of membranes
in our sample. Similarly, severe intraventricular hemorrhage was more prevalent in our
current study compared to our previous meta-analysis (12 vs. 4.65%) [16], which included
25 studies [12,20,23,26,27,29-34,36,39,43-45,47,49,50,52,60,71,73,78].

No significant differences were observed in the occurrence of necrotizing enterocolitis
or neonatal sepsis based on chorionicity, which contrasts with previous studies reporting
an increased risk in non-trichorionic triplet pregnancies [12,23,30,31]. Both complications
are more prevalent in preterm newborns, and it has already been described how the rate of
prematurity is increased in triplet pregnancies, particularly those with a monochorionic
component. The lack of statistical significance in our data is likely attributed to the limited
sample size, which may have affected the power to detect significant associations.

4.4.3. Neonatal Morbidity

In the multivariate analysis of neonatal morbidity, we identified a higher gestational
age and an advanced maternal age as protective factors. One of the most notable findings
of our analysis is the observation of an 8.79 times higher incidence of neonatal morbidity in
non-trichorionic pregnancies (Figure 3). This result is consistent with the findings reported by
the eight studies included in our previous meta-analysis [16], as both our sample and previ-
ous studies have demonstrated higher rates of prematurity and various associated neonatal
complications in pregnancies with a monochorionic component [12,14,31,42,43,47,48,50].

4.4.4. Neonatal Mortality

The noticeable increased risk of neonatal mortality in triplet pregnancies within our
sample (48/1000 live births) stands in contrast to the rates observed in singleton pregnan-
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cies (1.18/1000 live births) and twin pregnancies (6.06/1000 live births) [79]. Our findings
on neonatal mortality align with the results reported by the 34 studies included in our
previous meta-analysis [12,14,18-20,23,25,26,28,29,31-37,39,41,43-49,52,60-62,64,71,73,78].
Interestingly, no significant differences in neonatal mortality were identified according to
chorionicity. This could be attributed to the fact that, while newborns from non-trichorionic
pregnancies may exhibit a higher prevalence of fetal and neonatal comorbidities, the in-
creasing trend towards fetal interventionism in complications intrinsic to monochorionicity,
such as twin-to-twin transfusion syndrome (TTTS), could explain the lack of a proportional
increase in neonatal mortality.

As we previously emphasized, maternal complications may be more closely associated
with the number of fetuses rather than chorionicity. Conversely, the number of placentas in
a multiple pregnancy fundamentally affects the development of neonatal complications.

4.5. Strengths and Limitations

One of the main strengths of this study lies in the extensive range of variables assessed,
encompassing obstetric, maternal, fetal, perinatal and neonatal factors. In addition, our
sample population is ethnically diverse, and our data were collected from a public hospital
with almost universal access to high-quality ART and obstetric and neonatal care. This
comprehensive approach provides a holistic, multidisciplinary and up-to-date understand-
ing of the reality of the morbidity and mortality associated with triplet pregnancies in our
specific context.

Another strength of this study is the detailed analysis of our data, allowing for mean-
ingful comparisons with the results of the recently published meta-analysis conducted
by our research group [16] and largely corroborating those findings. Despite the smaller
sample size compared to the study by Revello et al. [19], our data enabled us to explore
various aspects of maternal and perinatal morbidity beyond the neonatal complications
analyzed by Revello et al. Furthermore, we conducted multivariate analyses on clinically
relevant perinatal variables, expanding the scope of our study.

Our study has several limitations. First, its retrospective observational design restricts
the quality of the evidence presented, and the results, being derived from a single-center
study, may not be as generalizable as those obtained from multi-center databases. Ad-
ditionally, the sample size is insufficient to obtain statistical significance in some of the
analyses performed. Finally, given that our center is a referral hospital, some patients were
referred to us after initiating follow-up at other facilities, leading to incomplete data for
certain variables.

5. Conclusions

Triplet pregnancies are a rare obstetric event, representing a rate of 59.01 triplet
pregnancies per 100,000 pregnancies based on 15 years of experience at our center. Triplet
pregnancies are high-risk pregnancies associated with increased maternal morbidity and
perinatal morbidity and mortality. Notably, this increased risk is particularly significant
in newborns from non-trichorionic pregnancies, who face a higher risk of developing
neonatal complications when compared to newborns from trichorionic pregnancies. These
complications include lower birth weight, earlier gestational age at birth, poorer APGAR
scores, and an increased risk of respiratory distress syndrome. Through our detailed
analysis and discussion of the data, we have consistently observed findings that align with
previous publications, reinforcing the understanding that chorionicity plays a significant
role in perinatal and neonatal outcomes.
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