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ABSTRACT

Introduction: Twin pregnancies are classified into two groups: monochorionic (MC)
and dichorionic(DC). MCtwins are 5to 6 times more likely to have an adverse perinatal
outcome. The study of a group of 22 placentas from patients with monochorionic
twin pregnancy who presented with complications such as feto-fetal transfusion
syndrome (FFTS), twin anemia polycythemia sequence (TAPS), twin reverse arterial
perfusion syndrome (TRAP) and selective intrauterine growth restriction (sIUGR)
is presented. Objective: To determine the predominant types of anastomoses in
placentas with feto-fetal transfusion syndrome, twin anemia polycythemia sequence,
reverse arterial perfusion syndrome and selective intrauterine growth restriction.
Methodology: The placental injection technique was applied for the recognition of
anastomoses. Results: The mean number of anastomoses per placenta in STFF,
which was the most severe complication, was 8.2 + 2.2. The AV and VA anastomoses
predominated in 83%. There were signs of placental discordance in 30% of placentas,
and 40% of placentas presented velamentous cord insertion. Conclusions: Vascular
anastomoses are not only involved in the etiology of the main pathologies of
monochorionic gestations, but also influence their management. We believe that an
adequate placental study of each of these cases by means of the placental vascular
injection technique would be essential in centers that aspire to develop differentiated
fetal management for each of these complications.

Key words: Twin pregnancy, monochorionic, Placental circulation, Chorion, Placental
anastomosis.

RESUMEN

Introduccién. Los embarazos gemelares son clasificados en dos grupos:
monocoriénico (MC) y dicoriénico (DC). Los gemelos MC tienen 5 a 6 veces mas
riesgo de tener un resultado perinatal adverso. Se publica el estudio de un grupo de
22 placentas de pacientes con embarazo gemelar monocoriénico que presentaron
complicaciones como sindrome de transfusion feto-fetal (STFF), secuencia de
anemia policitemia (TAPS), perfusién arterial reversa (TRAP) y restriccién de
crecimiento intrauterino selectivo (RCIU-s). Objetivo. Determinar los tipos de
anastomosis predominantes en las placentas con sindrome de transfusion feto-
fetal, secuencia de anemia policitemia, sindrome de perfusion arterial reversa y
restriccién de crecimiento selectivo. Metodologia. Se aplicé la técnica de inyeccion
vascular placentaria para el reconocimiento de las anastomosis. Resultados. El
numero medio de anastomosis por placenta en el STFF (que fue la complicacion mas
severa) fue de 8,2 + 2,2. Las anastomosis AV y VA predominaron en un 83%. Hubo
signos de discordancia placentaria en 30% de las placentas, y un 40% de placentas
presentaron cordén de inserciéon velamentosa. Conclusiones. Las anastomosis
vasculares no solo estan implicadas en la etiologia de las principales patologias
propias de gestaciones monocorioénicas, sino que también influyen en su manejo.
Creemos que un adecuado estudio placentario de cada uno de estos casos mediante
la técnica de inyeccidn vascular placentaria seria indispensable en los centros que
aspiran a desarrollar manejos diferenciados de terapia fetal para cada una de estas
complicaciones.

Palabras clave. Embarazo gemelar, monocorionico, Circulaciéon placentaria, Corion.
Anastomosis placentarias.

Rev Peru Ginecol Obstet. 2022;68(1) 1



Igor Hermann Huerta Saenz, José Carlos Elias Estrada, Ronald Arce Villavicencio

INTRODUCCION

Twin pregnancies are classified into two groups:
monochorionic (MC) and dichorionic (DC). MC
twins are 5 to 6 times more at risk of having an
adverse perinatal outcome®. Adverse perina-
tal outcomes are due to unbalanced vascular
anastomoses connecting the circulation of both
twins. Although these anastomoses can also oc-
cur in dichorionic placentas, they are extremely
rare,

These anastomoses are responsible for a blood
exchange between the two fetuses, which, ac
cording to their complexity and type, will lead to
the appearance of complications such as feto-fe-
tal transfusion syndrome (FFTS), twin anemia
polycythemia sequence (TAPS), reverse arterial
perfusion syndrome (TRAP) and selective intra-
uterine growth restriction (sIUGR)®.

In the present work we studied a group of pla-
centas from patients with monochorionic gesta-
tional pregnancy who presented complications
such as FFTS, TAPS, TRAP and selective IUGR
with the aim of evaluating the predominant
types of placental anastomoses.

Our center has initiated a fetal surgery program,
specifically in placental laser surgery. In this con-
text, it is important to examine the placentas of
monochorionic gestations and apply the injec-
tion technique in order to detect the different
anastomoses, understand the implications of
their distribution and how this will determine
the spectrum of different complications. It is
also necessary to study placentas after placen-
tal laser surgery and to evaluate the new charac-
teristics of these anastomoses as an important
indicator of the outcome of the surgery.

MEeTHODS

Placentas from monochorionic pregnancies that
terminated at the Edgardo Rebagliati Martins
National Hospital, EsSalud, Lima, Peru, were
evaluated during 2 years. Twenty-two placentas
from monochorionic pregnancies with and with-
out complications were studied. The diagnosis
of chorionicity was typed with first trimester ul-
trasound. The placental injection technique was
used to recognize the anastomoses®4.
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To perform the injection technique, after birth,
clamps were used for each of the cords and the
placenta was preserved in sterile water and not
in formalin, since this would make it impossible
to apply the injection technique. A detailed in-
spection of the placental fetal surface was per-
formed, describing the type of cord insertion
(central, marginal, eccentric or velamentous) and
the number of vessels in the cord. The placen-
tas were studied in the first 48 to 72 hours after
delivery, because later the technique presents
unsatisfactory results due to the collapse of the
vessels. Before starting the vascular injection,
the placenta was washed with saline solution
and the placental fetal side was freed from the
amniotic membrane to facilitate exploration and
visualization of the anastomosis.

The cords were cut 6 cm from the placental in-
sertion and then the umbilical vessels were can-
nulated with two catheters: one 5F for the umbil-
ical vein and another 3F for the umbilical artery.
Once the vessels were cannulated, we started
the application of liquid tempera diluted in a
20 mL syringe loaded with different colors. The
technique of displacement of the injected mate-
rial was applied in order to spread the dye to the
most distant vessels, since these will be the ones
that will finally anastomose with the vessels of
the other placental territory. Once the placental
vessels were cannulated and colored, the vas-
cular equator was examined and the number,
caliber and type of anastomoses observed were
determined (Figure 1). The vascular anastomo-
ses were classified into 3 types: arterio-arterial
(AA), veno-venous (VV) and arterio-venous (AV)
or veno-arterial (VA) anastomoses®,

F1GURE 1. UNIDIRECTIONAL AV ANASTOMOSIS IN PLACENTA WITHOUT
COMPLICATIONS (STAR) (AUTHOR'S OWN ELABORATION).
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The first two types are superficial, with bidirec-
tional blood flow and directly join the arteries
and veins of two umbilical cords; while AV and
VA anastomoses are formed at a deep capillary
level within the shared cotyledons and only al-
low unidirectional blood flow. After application
of the injected color dye, we evaluated wheth-
er the color blended and crossed the vascular
equator, which occurs in AA and VV anastomo-
ses; the opposite occurs with the color dye in AV
or VA anastomoses, as they do not mix and do
not cross the vascular equator.

The monochorionic twin pregnancies evaluated
were classified into 2 groups: without and with
complications. In the second group, feto-fetal
transfusion syndrome (FFTS), twin anemia poly-
cythemia sequence (TAPS), twin reverse arterial
perfusion (TRAP) sequence and selective intra-
uterine growth restriction of one of the fetuses
(sIUGR) were considered.

A pregnancy complicated with feto-fetal trans-
fusion syndrome was considered when oligo-
hydramnios (deepest vertical pocket <2 cm)
present in the sac of one twin with a collapsed
bladder (the donor) and polyhydramnios (deep-
est vertical pocket =8 cm) present in the sac of
the other twin with a distended bladder (the re-
cipient) were detected on ultrasound®.

A pregnancy with TAPS was categorized as a
complicated pregnancy when discordant middle
cerebral artery peak systolic velocity (MCA-PSV)
measurements were found on sonographic fol-
low-up: increased middle cerebral artery peak
systolic velocity (MCA-PSV>1.5 MoM) in the do-
nor twin (indicative of fetal anemia) and a de-
crease (MCA-PSV <1.0 MoM) in the recipient twin
(indicative of polycythemia)®.

A complicated monochorionic pregnancy with
selective IUGR was considered when growth
restriction was detected in only one fetus. The
fetus with the lowest weight had to have a fetal
weight estimated by ultrasound to be below the
10th percentile®.

Concomitantly, the fetus with selective IUGR
was classified according to the umbilical artery
flow pattern, according to the Gratacos classi-
fication®. This classification considers 3 types,
depending on the umbilical artery flow pattern:

Type [ if the twin with IUGR presents normal
flow pattern.

Type II: persistently absent or reversed diastolic
flow.

Type llI: intermittent diastolic flow (normal, ab-
sent and reversed in the same exam).

The twin reversed arterial perfusion (TRAP) se-
quence was defined by the presence of a mal-
formed fetus that has a rudimentary or absent
heart, and there is no direct placental perfusion.
Butitis perfused through an arterio-arterial com-
munication from the structurally normal co-twin
(or pump fetus) and then doubly deoxygenated;
after perfusing the acardium, it returns to the
pump fetus through a veno-venous connection®.

REsuLTs

Twenty-two placentas from monochorionic twin
gestations were evaluated. Vascular anastomo-
sis (AA, AV, VA and/or VV) were identified in 100%
of the placentas studied.

Four of the placentas evaluated were mono-
chorionic with no complications. Vascular anas-
tomoses are always present in monochorionic
placentas® and their distribution and type will
determine the evolution of the pregnancy/. The
mean number of anastomoses per placenta for
this first group was 7.2 + 3.2. The prevalence of
AV and VA anastomoses predominated in 75%
(3/4) followed by AA anastomoses in 50% (2/4)
and VV anastomoses in 25% (1/4) of the cases.
There were no signs of placenta-placental dis-
cordance or velamentous insertion cord.

FFTSis the most severe complication in monocho-
rionic pregnancies and develops in approximately
10% of MC gestations”?. In our series, we injected
a total of 6 placentas with non-laser-treated FFTS
(Figure 2). The mean number of anastomoses per
placenta for this second group was 8.2 + 2.2. AV
and VA anastomoses predominated in 83% (5/6),
followed by VV anastomoses in 66% (4/6) and
AA anastomoses in 33% (2/6). There were signs
of placental discordance in 30% of placentas and
40% of placentas had velamentous cord inser-
tion. One of the cases that presented FFTS was
referred to undergo placental laser. The proce-
dure was performed at 26 weeks and at 3 weeks

Rev Peru Ginecol Obstet. 2022;68(1) 3
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there was an increase of systolic peak in the mid-
dle cerebral artery of one of the fetuses, which
was classified as TAPS and a severe polyhydram-
nios-oligohydramnios sequence at 30 weeks, and
the patient underwent cesarean section due to
acute deterioration of one of the twins. Placental
revision detected the coagulation line with a very
small residual anastomosis (Figure 3). One of the
twins died one week after birth; the other twin
remained in the intensive care unit for 3 weeks
due to prematurity and associated complications.
At the time of the present study, he was under
ambulatory controls according to protocol.

During the study period there were 3 cases of
pregnancies complicated with the twin ane-
mia-polycythemia sequence (TAPS): two of them
spontaneous and one post-laser. TAPS can occur
spontaneously or after laser surgery for FFTS
due to small residual anastomoses®. For this
third group, the mean number of anastomoses
per placenta was 3.2 + 2.2. AV and VA anastomo-
ses predominated with 66% (2/3) and AA anasto-
moses were present in 33% (1/3). There was no

FIGURE 2. PLACENTA COMPLICATED WITH FFTS. IT PRESENTS AN
ARTERIO-ARTERIAL ANASTOMOSIS (STAR) AND A VELAMENTOUS INSERTION
(TRIANGLE): 5 ARTERIOVENOUS ANASTOMOSES (A-V) COME FROM THE DONOR
FETUS TO THE RECIPIENT FETUS (AUTHOR'S OWN ELABORATION).

FIGURE 3. PLACENTA OF A COMPLICATED PREGNANCY WITH POST LASER
FFTS: THE COAGULATION LINE WITH A RESIDUAL ANASTOMOSIS (STAR) IS
EVIDENT (AUTHOR'S OWN ELABORATION).

[
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evidence of veno-venous anastomoses (Figure
4). There were signs of placental discordance in
66% of placentas, and 33% of placentas with ve-
lamentous insertion cord.

Selective intrauterine growth restriction (sIUGR)
affects approximately 10 to 20% of monochori-
onic pregnancies™. There were 8 cases in this
fourth group: four cases as type 1 sIUGR, two
cases as type 2 and two cases as type 3 of the
Gratacos classification®. The mean number of
anastomoses per placenta was 10.2 + 5.6. The
prevalence of AA anastomoses, AV-VA anasto-
moses and VV anastomoses was 100% (8/8),
87% (7/8) and 37% (3/8), respectively. sIUGR
are strongly associated with unequal placental
territory: a large placental distribution for the
large twin and a small placental distribution
for the twin with restricted growth (Figure 5).
It was present in all 8 cases, 7 of which had ve-
lamentous insertion of the cord. The results of
placental discordance and type of cord insertion
in placentas with sIUGR as well as the types of
anastomoses in our cohort are shown in Table 1.

FIGURE 4. PLACENTA OF A TWIN PREGNANCY COMPLICATED WITH TAPS.
ANasTomOsIS A-A (RHOMBUS). MONOCHORIONIC TWINS, ONE FETUS
WEIGHING 2,200 G AND THE OTHER 1,800 G. THE DIAGNOSIS WAS MADE
AT 371 WEEKS. CAESAREAN SECTION WAS SCHEDULED AT 32 WEEKS AND A

TRANSFUSION WAS NECESSARY AT BIRTH (AUTHOR'S OWN ELABORATION).
— -
=

FIGURE 5. PLACENTA OF COMPLICATED PREGNANCY WITH SELECTIVE [UGR.
SeLecTIve IUGR PATTERN TYPE 3. ADJACENT CORDS WITH A LARGE A-A
(s7aRr), 1 V-V, 5 A-V AND 5 V-A ANASTOMOSES (AUTHOR'S OWN ELABO-
RATION).
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TABLE 1. PLACENTAL CHARACTERISTICS OF THE MONOCHORIONIC GESTATIONS.

Placental characteristics of the monochorionic gestations with and without complications

Placenta anastomoses MC with no complications FFTS without laser TAPS sIUGR TRAP

(n=4) (n=6) (n=3) (n=8) (n=1)
Arterio-arterial 2/4(50%) 2/6(33%) 1/3 (33%) 3/8(37%) 1
Veno-venous 1/4 (25%) 4/6 (66%) 0 3/8(37%) 2
Arterio-venous 3/4(75%) 5/6 (85%) 2/3(66%) 7/8(87%)
Veno-arterial 3/4(75%) 5/6 (85%) 2/3(66%) 8/8(100%)
Placental discordance No 30% 66% 100 %
Velamentous insertion No 40% 33% 887%
N° of anastomoses 72+/-32 82+/-22 32+/-22 10,2+/-5,6 3

Data shown as mean and SD

MC=monochorionic, STFF= feto-fetal transfusion syndrome, TAPS= twin anemia polycythemia sequence, sSIUGR= selective intrauterine growth restriction, TRAP=twin

reversed arterial perfusion, SD= standard deviation

Twin reversed arterial perfusion (TRAP) com-
plicates approximately 1 in 35,000 pregnancies
(1518, The pathogenesis of TRAP is related to the
presence of a large AA anastomosis. One case of
TRAP sequence was evaluated in the study pe-
riod. One arterio-arterial (AA) and two veno-ve-
nous (VV) anastomoses were found, with no ve-
lamentous insertion.

DiscussioN

In our study, the presence of placental anasto-
moses in monochorionic gestation was present
in 100% of cases, which is in agreement with oth-
er authors who describe them in over 95% in dif-
ferent studies of placental angioarchitecture("®,
In the literature itis reported that monochorion-
ic placentas frequently present vascular anas-
tomoses, especially arterio-arterial (A-A), with a
high frequency of AV and VA anastomoses‘?; the
latter were the most frequent in our study. VV
anastomoses are generally less frequent: 25%
according to some series®?. However, most CM
pregnancies develop well without complications,
suggesting a balanced blood exchange between
twins.

In the present work, four monochorionic placentas
were injected and did not present associated pa-
thology (Figure 1). The mean number of vascular
anastomoses in normal MC placentas varies in dif-
ferent studies between 2 and 7.9, which is in agree-
ment with our findings2". This may be attributed
to different techniques of placental examination:
from naked eye detection to injection of colored
dye. Anastomoses in this group were mostly unidi-
rectional, reaching 75% and, on the other hand, AA
anastomoses reached 50%. The finding of a higher
number of unidirectional anastomoses compared

to bidirectional anastomoses reflects the concept
that the balance between blood flows depends not
only on the number of anastomoses, but also on
other variables, such as the caliber of the anasto-
moses, which may influence the balance in blood
exchange between twins and may be reflected
in not developing complications. The high rate of
AA anastomoses is typical of uncomplicated CM
and it is believed that such AA anastomoses pre-
vent the development of various complications,
due to compensation through bidirectional blood
flow. The role of VV anastomoses is unclear and
remains to be elucidated 2.

FFTS is the most serious complication in MC
twin pregnancies and develops in approximate-
ly 10% of MC pregnancies®. The mean number
of anastomoses in FFTS is similar to that in un-
complicated MC placentas. However, in FFTS pla-
centas, the net blood flow and/or the number of
AV anastomoses are not balanced, resulting in
donor-to-recipient transfusion. Postnatal injec-
tion studies such as in vivo fetoscopic observa-
tions indicate the presence of at least one uni-
directional arteriovenous (A-V) anastomosis as
an anatomic prerequisite for the development
of FFTS(23, Although there is no single pattern
of anastomoses, the presence of an arterio-ar-
terial anastomosis appears to be protective®.
As such, an arterio-arterial anastomosis was
present in only 2 of 7 placentas with FFTS; the
other five had no AA anastomoses. FFTS is the
most important cause of death and disability in
a monochorionic twin pregnancy©@+29,

Currently, laser coagulation of all anastomoses
at the level of the placental equator is the best
alternative to treat this syndrome®®. The aim
of the laser application is to cure the disease by

Rev Peru Ginecol Obstet. 2022;68(1) 5
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disconnecting the 2 fetal circulations. Successful
interruption leads to normalization of urine out-
put, amniotic fluid volumes and cardiac function
in the recipient twin.

After laser treatment, there is a 50-60% survival
of both twins and an 80% survival of at least one
twin, making this treatment the treatment of
choice today®”. One of the cases in our series un-
derwent placental laser treatment for a FFTS. It
has been described that after placental surgery,
the type and size of the omitted anastomoses
correlate with the subsequent outcome®”. As
such, omitted large arteriovenous anastomoses
may lead to recurrent FFTS or double demise,
unless a compensatory arterio-arterial anas-
tomosis is also omitted®”. On the other hand,
omitted small arteriovenous anastomoses may
lead to TAPS©?®. TAPS is associated with small cal-
iber anastomoses, on average 1 mm, that could
not be photocoagulated®.

In our series, the MC pregnancy that underwent
fetoscopy for FFTS developed an anemia-poly-
cythemia sequence syndrome (TAPS) 3 weeks
post-procedure, leading to termination of the
pregnancy due to fetal deterioration. The post-
partum placental study showed small residual
anastomoses of less than 1 mm (Figure 3).

Therefore, we recommend placental injection
of all placentas that underwent laser treatment,
except those with single intrauterine death and
delayed delivery, since anastomoses can no lon-
ger be documented. Placental injection is also a
means of quality control and can improve surgi-
cal technique®?,

The reverse arterial perfusion sequence (TRAP)
complicates approximately 1 in 35,000 pregnan-
cies®). In the TRAP sequence, blood flows from
an umbilical artery of the pump twin in the re-
verse direction into the umbilical artery of the
perfused (acardiac) twin through an arterio-ar-
terial anastomosis and usually returns through
a veno-venous anastomosis to the pump twin®",
TRAP is an infrequent condition and complicates
approximately 1% of monochorionic twin preg-
nancies. The condition is associated with a high
risk of perinatal death caused by a combination
of high output heart failure and premature de-
livery related to polyhydramnios®2. In our hospi-
tal, 2 cases have been described in 7 years; the
last one was treated during the study period, so
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the placenta could be checked by the injection
technique. The findings determined a large AA
anastomosis and the return to the pump twin
through a large VV anastomosis (Figure 6). The
high morbidity of the healthy twin can be im-
proved by an intervention to stop the circulation
of the acardiac twin. The type of technique will
depend on the clinical presentation and may
consist of coagulation of the umbilical cord of
the acardiac twin®334,

Selective intrauterine growth restriction (slU-
GR) affects approximately 10 to 20% of MC twin
pregnancies compared to 8% in dichrorionic
twins?23%, s[UGR produces a high mortality and
morbidity rate among MC twins®'9. Placentas
with sIUGR are characterized by the presence
of a large discordance in the placental territory
and higher rates of insertion of the velamentous
cord™. Unequal placental exchange appears
to be the most important determinant of dis-
cordant growth in monochorionic twins®®. The
number of anastomoses in the selective I[UGR
fetuses evaluated in our series was similar to
those in normal MC placentas. However, almost
all sIUGR placentas had an AA anastomosis
with a significantly larger diameter compared
with normal MC placentas. sRCIU have been de-
scribed to be strongly associated with unequal
placental exchange. In our study, the degree of
territorial discordance in fetuses with selective
IUGR was 80%.

An important fact was the high frequency of ve-
lamentous cord insertion in IUGR placentae. In
our series it was 88%, significantly higher com-
pared to normal MC placentas. The velamentous
cord insertion belonged to the growth-restrict-
ed fetus in 90% of the cases. Therefore, in many
cases it may be an indicator of poor perinatal
prognosis. For this reason, we consider it im-
portant to pinpoint the site of cord insertion in
the scanning of twins, which can be observed

FIGURE 6. PLACENTA OF TRAP TwINS. IT PRESENTS T A-A (STAR) AND 1
V-V ANASTOMOSIS (RECTANGLE) (AUTHOR'S OWN ELABORATION).
(]
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by sonographers with experience in the second
trimester ultrasound examination, and cases of
early detection have been described as early as
the first trimester®?”,

Although it is true that we have had few cases in
the study period, given the prevalence of these
complications, the series represents a significant
number of twin pregnancies with complications
in our institution.

Vascular anastomoses are determinant in de-
fining the main complications of monochorionic
pregnancies. Their nature and the possibility of
surgical approach influence their management.
Therefore, we believe that an adequate placen-
tal study in each monochorionic placenta by
means of the placental injection technique is in-
dispensable in centers that aspire to develop dif-
ferentiated fetal therapy management for each
of these complications.

Finally, placental examination provides a good
learning experience for any fetal medicine spe-
cialist seeking to embark on intrauterine endo-
scopic laser surgery.
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