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Abstract

Background: Clinical observation suggests that acardiac twinning occurs only
in the first trimester. In part, this contradicts our previous analysis (part IV) of
Benirschke's concept that unequal embryonic splitting causes unequal
embryo/fetal blood volumes and pressures. Our aim is to explain why acardiac
onset is restricted to the first trimester.

Methods: We applied the vascular resistance scheme of two fetuses connected
by arterio-arterial (AA) and veno-venous (VV) anastomoses, the small VV
resistance approximated as zero. The smaller twin has volume fraction a < 1
of the assumed normal larger twin, and has only access to fraction X < 1 of its
placenta; the larger twin's larger mean arterial pressure accesses the remaining
fraction. Before 13 weeks, embryos have a much smaller vascular resistance
than placentas. After 13 weeks, when maternal blood provides oxygen,
smaller twins can increase their vascular volume by hypoxemia-mediated
neovascularization. Estimated AA radii at 40 weeks, r44(40), are 0.5-1.3 mm.
Results: Embryos with a < 0.33 unlikely survive 13 weeks and acardiac twin-
ning occurs under appropriate conditions (AA-VV, small placenta). Acardiac
body perfusion occurs because of a much smaller vascular resistance than the
placenta. When a > 0.33 and r44(40)=1.3 mm, modeled survival is >32 weeks.
Conclusion: Before 13 weeks, embryos with @ < 0.33 cannot survive and may
result in the onset of acardia. Beyond 13 weeks, fetuses with a > 0.33 survive
because r,44(40) is too small for acardiac onset. Following fetal demise, exsan-
guination from the live twin increases its blood volume and, we assumed also,
its vascular resistance. Perfusion then occurs through the lower resistance

placenta.
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1 | INTRODUCTION

Acardiac twinning in monochorionic twin pregnancies
requires a set of arterio-arterial (AA) and veno-venous
(VV) placental anastomoses and cessation of cardiac
function in the future acardiac twin. This complication
occurs in about 1 of 8 monochorionic twin placentas that
include a unique set of AA and VV anastomoses (van
Gemert, van den Wijngaard, & Vandenbussche, 2015).
The other twin, the pump twin, then perfuses the
acardiac body with deoxygenated arterial blood in a
reverse direction compared to normal, hence the name
twin reversed arterial perfusion (TRAP) sequence (Van
Allen, Smith, & Shepard, 1983). Perfusion of the acardiac
body by deoxygenated arterial blood causes the acardiac
to grow but often as a bizarre malformed fetus, the
precise mechanisms responsible for causing such mal-
formations are unknown (e.g., Das, 1902). Lewi, Valencia,
Gonzalez, Deprest, and Nicolaides (2010) diagnosed 24 first
trimester acardiacs and found on average that the ratio of
the acardiac twin upper-pole-rump-length to the pump
twin crown-rump-length was 0.58, however, with consid-
erable variation. The corresponding average weight ratio
of smaller to larger twin, the a-value, see Equation 1
below, then is approximately 0.58* ~ 0.2 (eq. 12 of van
Gemert, van den Wijngaard, Paarlberg, Gardiner, &
Nikkels, 2017). Without intervention, the reported pump
twin mortality is about 50%, commonly a result of cardiac
failure (Healey, 1994; Moore, Gale, & Benirschke, 1990;
Van Allen et al., 1983).

The pathophysiology surrounding acardiac onset is
based on two preconditions. First, both twins are con-
nected by a set of AA and VV anastomoses and, second,
the future pump twin has a mean arterial pressure that
exceeds that of the future acardiac twin. For healthy
twins, the second requirement implies a smaller future
acardiac twin than future pump twin. It was hypothe-
sized (Benirschke, 2009) that an uneven cell distribution
following embryonic splitting must likely have occurred
in discordant twins. There, the future acardiac twin has
the smaller cell volume and becomes the smaller embryo,
and the future pump twin has the larger cell volume and
thus becomes the larger embryo. When these effects are
“of major proportion,” acardiac twinning will occur,
where the pump twin perfuses the acardiac body by a
circulation along the AA-VV anastomoses. Another pos-
sibility of unequal sized twins is an abnormal future
acardiac embryo, for example, due to a chromosomal
defect (Segaard, Skibsted, & Brocks, 1999; Van Allen
et al., 1983). Sufficient unequal arterial pressures imply
that the larger twin now also perfuses part of the smaller
twin's placenta. Thus, the smaller twin must share its
placental perfusion with the larger twin and its access to

a smaller placental volume hampers its growth and,
hence, also its placental perfusion. This deteriorating pro-
cess, when “of major proportion,” continues until cardiac
arrest occurs. Then, the blood flow from pump to
acardiac twin goes via the AA anastomosis through its
umbilical cord in reversed direction, and the return flow
via the acardiac's umbilical vein and the VV back to the
pump twin (van Gemert et al., 2017).

Yet, the pathophysiology of acardiac twinning is still
debated, particularly, the mandatory presence of a VV is
not well understood, for example, Van Allen et al. (1983)
only mentioned that a VV was seen in all placentas, and
Otieno, Kosgei, and Keitany (2020) that a VV occasion-
ally, rather than always, accompanies an AA.

Interestingly, our prior analysis suggested that
acardiac onset can occur at earlier as well as later gesta-
tions, however, acardiac formation beyond 13 weeks has
never been observed. The aim of this paper is to propose
possible mechanisms that can explain why acardiac onset
is restricted to the first trimester.

2 | MATERIALS AND METHODS
The vascular resistance scheme used in this paper to
represent a monochorionic twin pregnancy, Figure 1A, is
slightly simplified compared to the scheme we used pre-
viously (van Gemert et al., 2017). Here, we neglected
umbilical arteries and all venous resistances, the latter
because they are much smaller (much larger diameter)
than their arterial counterparts. The venous pressures of
both twins are thus equal now. The pressure gradient that
perfuses the larger twin's placenta is the mean arterial
minus venous pressure, which we abbreviate as “mean
arterio-venous pressure”’. Similarly for the smaller twin.
The two twins, the one with the smaller cardiac output is
denoted nr 1 and the one with the larger cardiac output nr
2, are connected by the AA and VV anastomotic resis-
tances, Ryao and Ryv ~ 0, within their monochorionic
placenta, with placental resistances Ry, of the smaller twin
and R, of the larger one.

2.1 | Blood volumes, pressures, flows,
resistances

At onset of blood pressures, at about five gestational
weeks, the blood volume of the smaller twin, V(t), is a
factor of @ <1 smaller than the blood volume of the
larger twin, V,(t) = V(t), assumed to be of normal
dimensions, thus (van Gemert & Sterenborg, 1998)
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FIGURE 1 (A) Resistance scheme of the monochorionic twin

pregnancy. CO1, CO2 are the cardiac outputs of twins 1 and 2;

P,,, Py, are the mean arterial pressures of twins 1 and 2, and P, the
common venous pressure of both twins, because all venous
resistances (umbilical and VV) have been approximated as zero; Fy,
F>, Fp1, Fp; are the blood flows of twins 1, 2 and their placentas;
Faa is the AA blood flow. (B) Resistance scheme with short
circuited CO1, indicated with superscript “c1”. (C) Resistance
scheme with short-circuited CO2, indicated with superscript “c2”.
(D) Resistance scheme of the resulting acardiac twin pregnancy,
with parallel resistances R, and Rp;, and Fay = Fye + Fpy

Vi) =a Vy(t) =a-149- (3%)3:149- (%)3 1)

The mean arterio-venous blood pressure of the smaller
twin is (van Gemert et al., 2017, Equation 6)

Ja-t—5
where X is the fraction of the smaller twin's placenta that

still perfuses the smaller twin's body. The other part is

perfused by the larger twin due to its larger mean arterial
pressure and the AA-VV anastomoses. The larger twin's
mean arterio-venous pressure is

_ (t=5)
P =525:" (3)

The diameter of the AA anastomosis at 40 weeks, r44(40)
(m), is a crucial parameter in this analysis because its
resistance is defined as (van Gemert & Sterenborg, 1998,
Table 4)

_8-0.005  0.15-(t—4)/(27-1.193)

Raal(t) 7
T [raa(40)-(t—4)/(27-1.193)]

! (4)
1.3333-10%-60-60-24-7

The blood viscosity used as before is 0.005 N/(m-s*) and
the AA length at 40 weeks 0.15 m. The last term between
brackets converts the SI value for resistance [(N/m?)/
(m?*/s)] to [mmHg/(ml/week)]. Factor (t —4) indicates
that vessel growth is linear with gestation and begins at
4 weeks. An estimate of typical large r44(40) values fol-
lows from our series of non-acardiac monochorionic twin
placentas with a set of large AA-VV anastomoses and
about equal sharing (Figure 2), where the extrapolated
outer AA diameters at 40 weeks were approximately
between 1.7 and 4.5 mm, hence, using factor 0.58 for
the inner/outer diameter ratio (Gansburgskiy & Yaltsev,
2018) gives large rq4(40)-values between about 0.5 and
1.3 mm, in accordance with values shown in Figure 3 of
previous work (van den Wijngaard, Umur, Ross, & van
Gemert, 2008). Alternatively (Barbieri, Cecatti, Surita,
Marussi, & Costa, 2012; Weissman, Jakobi, Bronshtein, &
Goldstein, 1994), the average inner diameters of the
umbilical arteries measured in the second and third tri-
mesters gave an average radius of about 2.1-2.3 mm at
40 weeks. From the non-acardiac placentas with AA
and VV anastomoses, Figure 2, we observed about 2 to 4
branching levels into two-daughter arteries before reaching
the AA. Application of branching theory (e.g., Appendix of
Umur, van Gemert, Nikkels, & Ross, 2002), the diameter
ratio of a pulsating branch is 1/1/2, thus r,44(40)-values of
about 0.5-0.6 to 1.1-1.2 mm, not that different from the
values of 0.5-1.3 mm above. Thus, in our analysis below,
we will use r,4(40) values of at most 1.3 mm.

Calculation of the pressures at the placental inser-
tions and the flows along the resistances requires applica-
tion of Thévenin's theorem (e.g., van Gemert et al., 2017),
which implies short circuiting the cardiac output of twin
1 (indicated by superscript “c1” in Figure 1B) and calcu-
lating pressures and flows, and subsequently short
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FIGURE 2

(Left) Monochorionic twin pregnancy with about equal placental sharing and large AA-VV and arterio-venous and veno-

arterial anastomoses at 35 weeks. Dark-colored vessels: arteries; red-orange colored vessels: veins. (Right) Similarly at 36 weeks
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FIGURE 3 Normal weights of Table 28.1, page 1020, of

Benirschke, Kaufmann, and Baergen (2006). Miscarried weights
from Table 5, median weights, of Nogueira et al. (2020). Trendlines:
black and red dashed lines (third and second degree polynomial fit,
respectively). Ratio of miscarried/normal weights is 0.32 at 11 weeks
and 0.288 and 0.357, thus averaged also 0.32, at 12 weeks. These
results suggest that embryos with a weight ratio smaller than 33%
unlikely survive beyond 11 weeks, thus supporting our assumption
that embryos with @ < 0.33 unlikely survive beyond 13 weeks

circuiting twin 2 (“c2” in Figure 1C), calculating all pres-
sures and flows again, and adding the corresponding out-
comes. The results are straightforward

P,—P,
Fan= P2 l) 5
A4
Rasa+R
Fl:pal.M (6)
Ras Ry
Rus+R Py—P,
Fp1=Pa1'( AA pl) ( 2 1) (7)
Raa Ry Raa

(RAA+Rp2)
Fo=p, AT 1) 8
2 a2 R 'sz ( )
Raa+Ry2) (Pua—Ps
Fp2=Pa2'(AA i2) _ (Paz—Pa) 9)
RaaRp> Raa

It is also straightforward to check the validity of the equa-
tions because at points “P,;” and “P,,”, Figure 1A, the
sum of the blood flows entering each location has to be
zero, or, point “Py”, (Fy 4+ Fasa — Fp = 0), and, point
“Poy”s (F2 — Fan — Fpp = 0).

From previous work (Appendix A of van Gemert
et al., 2017), the resistance relations for the placenta of
the smaller twin 1 and for the normal assumed placenta
of twin 2 are

o 0.41
Bn0)= 5y 07 v 29) (10)
"=v/a-(t=5)+5 (11)
0.41
Rpa(1) = (t+5)-(2+25) (12)

Gestational age t” < t is defined as follows: at ¢/, the nor-
mal twin's blood pressures equal the smaller twin's
values at ¢, see Figure 2B of previous work (van Gemert
et al., 2017).

2.2 | Hypoxemia and neovascularization

An important part of our analysis is premise that fetal
hypoxemia causes neovascularization, hence increasing
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fetal blood volume (de Groot, van den Wijngaard, Beek,
Nikkels, & van Gemert, 2007; van Gemert, Ross,
Nikkels, & van den Wijngaard, 2016). Using that only
fraction X < 1 of the smaller placenta produces venous
blood flow with oxygen saturation of 0.8, filling up the
whole body gives an oxygen saturation of the smaller
twin of X times 0.8. Then, from eq. 7 of van Gemert
et al. (2016), the smaller twin's blood volume with arterial
oxygen saturation of 0.8X compared to normal (X = 1) is

V1 (0.8-X)
V1 (0.8)

0.036
=0.933 + - (13)
(0.8-X—0.0667)* +0.01335

The new a-value, a(new), then becomes

0.036
a(new)=a- | 0.933 + 5
(0.8-X—0.0667)* +0.01335

(14)

We will implement Equation 14 from 13 weeks on, when
the maternal blood has started the oxygenation of the
placenta (e.g., Jaffe, Jauniaux, & Hustin, 1997).

3 | RESULTS

Figure 3 suggests that fetuses whose weight are smaller
than about 33% of normal, so a < 0.33, are unlikely
to survive beyond 13 weeks, based on spontaneous loss
fetal weights (Table 5, median weights, of Nogueira
et al., 2020) versus normal weights (Table 28.1, page
1020, of Benirschke et al., 2006). Thus,

a>0.33 (15)

will be used.

Figure 4 shows the outcomes of our prior analysis
of acardiac formation occurring before 13 weeks, as
related to r44(40) and a. It is clear that fetuses with
a ~ 0.33 and 7,4,4(40) ~ 1.3 mm survive beyond 13 weeks.
It also suggests that survival beyond 13 weeks already
occurs at smaller a-values, in our model from about 0.15
onward.

Figure 5 shows how the a(new), Equation 14, at
r14(40) = 1.3 mm, changes with gestation. For example,
for a = 0.33, the a(new) value increases from a = 0.33
before 13 weeks to 0.4 at 30 weeks, and the perfused pla-
cental fraction X decreases from 0.85 to 0.51. Previously
(van Gemert et al., 2017), we considered that fetal demise
would happen when X became 0.5 or less, which occurs
here at about 32 weeks.

1.8 -
1.6
Acardiac onset
g 1.4
=)
b
3 12
1 il
0.8 . . . .
0 0.1 0.2 0.3 0.4
a

FIGURE 4 Modeled onset of an acardiac twin at 13 weeks,

criterion is that the small twin's available placental fraction
X reached 0.5, as a function of @ and r44(40)

3.1 | Limitations

At 32 weeks, when X becomes about 0.5, a number of
protective fetal mechanisms other than hypoxia-medi-
ated-neovascularization will then develop, summarized
for a singleton fetus by Baschat (2004). These mecha-
nisms have not been taken into account. Neither have we
accounted for protective mechanisms specific for mono-
chorionic twins, not mentioned by Baschat, for example,
an increased placental growth and affecting the a(new)-
value due to the smaller twin's increased mean arterial
pressure. This increased P, —arterial pressure also
reduces the AA flow, which will reduce its r,4(40) value
due to the reduced sheer stress; an increased AA-
resistance then follows, which mitigates possible deleteri-
ous effects on the smaller twin.

4 | DISCUSSION

Our results suggest some simple mechanisms that can
explain why acardiac onset remains confined to the first
trimester. We actually identified two publications where
acardiac onset was indeed observed in the first trimester.
The first identified two beating hearts at 6 weeks and
only one at 7 weeks, and diagnosed the TRAP sequence
at 11 weeks (Coulam, 1996). The second identified two
beating hearts at 6 + 5 weeks and diagnosed TRAP at
8 + 5 weeks (Wesley et al., 2011).

Before summarizing our findings in the Conclusion,
we briefly review some general characteristics associated
with acardiac twinning, also incorporating our findings.

The vascular anatomy in acardiac twins that is
formed from normal but small embryos, thus before pos-
sible anatomical deterioration by deoxygenated blood
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outcomes of the small twin's placental fraction X

perfusion occurs, is to our knowledge not presented in lit-
erature. Key in this model is the finding that arterial
blood from the donor twin flowing retrograde through
the acardiac aorta still perfuses all aorta-connected
organs in a normal direction, including the lungs of the
retrograde-perfused pulmonary artery via the arterial
ductus (ductus Botalli). In the acardiac heart, the aorta
and pulmonary valves prevent the retrograde flow of
blood from entering the left and right ventricles, respec-
tively. However, the blood can go normally to brain, arms
and legs. Thus, we expect normal perfusion of the venous
circulation, acknowledging that venous valves in legs and
arms develop at the end of the first trimester
(Kampmeier & Birch, 1927). Except for the heart, the vas-
cular anatomy thus remains normal. The blood flow
through the arteries, excluding the aorta and pulmonary
artery, is also in normal direction.

Some of the key factors surrounding acardiac twin-
ning are as follows. It requires primarily a monochorionic
twin placenta (but see the next two paragraphs), a set of
AA and VV anastomoses for the circulation between
pump and acardiac, and cessation of cardiac function in
the future acardiac twin. This twin usually has a small
placenta and a low weight compared to normal; specifi-
cally, this weight is to be smaller than 33% of normal,
Equation 15. The small twin can be the result of unequal
embryonic splitting as postulated by Benirschke (2009),
but also due to genetic abnormalities, by Segaard
et al. (1999) called “primary defect in embryogenesis.”
We acknowledge that one or more arterio-venous
(AV) anastomoses from larger to smaller twin provide
additional blood flow to the smaller twin and may pre-
vent acardiac onset. Among monochorionic twins, an AA
anastomosis occurs in about 82%, and a VV in about 26%
(van Gemert et al., 2015), so assuming unrelated inci-
dences, about 21% of these placentas can produce an

0.9 -
a, raA(40) (mm)
0.8 4
X 0.7 -
0.6
0.5 T T T ]
10 15 20 25 30

Gestation (weeks)

(Left) Model outcomes of a(new) versus gestation (Equation 14) for various values of @ and r,4,4(40). (Right) Similarly, model

acardiac twin. From our series of 507 dye-injected mono-
chorionic placentas (PGIN), 17, 3.35%, had a set of AA-
VV anastomoses, but no deep anastomoses (i.e., AV or
VA). Second, within these placentas (Figures 2 and 6),
typical AA radii are smaller than 1.3 mm at 40 weeks,
and our model predicts that these AA anastomoses keep
the smaller twin's placenta large enough to continue the
pregnancy beyond 32 weeks. Subsequently, we assumed
that feto-placental protective measures (e.g., brain spar-
ing, peripheral arterial constriction, Baschat, 2004) keep
the fetus alive and ongoing. Third, a set of AA-VV anas-
tomoses without (bidirectional) AVs could affect the size
of the smaller twin, increasing its mean arterial pressure
and, hence, placental perfusion, and may thus affect the
level of placental sharing. In twin-twin transfusion syn-
drome cases, an AA is known to have a protective role

FIGURE 6

Monochorionic twin placenta at 36.3 weeks with a
live girl of 2,490 g and IUFD of the other child at 27 weeks. The
deceased twin, its (former) placenta, and umbilical cord were not

perfused, indicated by the macerated cord. Dark-colored vessels:
arteries, yellow vessels: veins
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for the donor twin (e.g., Umur et al., 2002). On the other
hand (Denbow, Cox, Taylor, Hammal, & Fisk, 2000;
Nikkels, Hack, & van Gemert, 2008), a VV anastomosis
can sometimes complicate the pregnancy, an observation
that is not well understood.

Interestingly, an acardiac twin pregnancy has also
been described in a dichorionic fused placenta (French,
Bieber, David, Bing, & Genest, 1998). To our best knowl-
edge, this is the only such case published in literature. At
13.7 weeks, ultrasonography identified a twin pregnancy
with one of the twins demised. At 42 weeks, a 3,554 g
healthy male and a 230 g amorphous ovoid acardiac mass
with a fluid filled cyst were delivered. The placenta
weighted 450 g, the pump's part about 4 times larger than
the acardiac's part (derived from the given dimensions).
The dividing membrane showed two chorions and two
amnions. A large VV anastomosis was identified follow-
ing barium injection into the pump's umbilical vein. No
mentioning was made of an AA anastomosis, however,
the two placentas were reported to be histologically
mature, implying that an AA anastomosis must have
been present.

Further, in a personal communication to Schinzel,
Smith, and Miller (1979), Professor Jan E. Jirdsek, Embry-
ology Laboratory, Prague, reported a “conjoined” twin pla-
centa with dizygotic chromosomally XX and XY twins of
which one was an acardiac. In addition, Bieber
et al. (1981) described a two polar body twin pregnancy
with a monochorionic-diamniotic placenta and a chromo-
somally XY pump twin and triploid XXX acardiac mass.

The rare incidence of dichorionic fused placental
acardiac twinning can be approximately estimated as fol-
lows. From 1977 to 1980, Robertson and Neer (1983) col-
lected 278 twin pairs of which 66 were monochorionic,
96 dichorionic fused, and 97 dichorionic separate. Assum-
ing a 04% incidence of monochorionic twinning, the
incidence of dichorionic fused placentas is about
(96/66) x 0.4% = 0.58%. Thus, one in (1/0.0058) = 172 preg-
nancies. In one of 68 dichorionic placentas, an anastomosis
(an AV) was observed. Thus, one in 68 x 172 = 11,700
pregnancies. Assuming that the probability of anastomotic
formation in dichorionic fused placentas is identical as in
monochorionic placentas, the probability of an acardiac
twin where the pump survived the first trimester is one in
35,000 (the old probability without early miscarried
pumps). Thus, the probability of a dichorionic acardiac
twin is about one in 11,700 X 35,000 = 409.5 million preg-
nancies! With 213 million pregnancies worldwide in 2012
(Sedgh, Singh, & Hussain, 2014), this implies worldwide
one dichorionic acardiac in 409.5/213 = 1.9 years. If the
mentioned 20% or so miscarriages are included, the predic-
tion becomes one dichorionic acardiac worldwide in

2.4 years. Despite the unavoidable uncertainties in this
analysis, the extreme rarity of this phenomenon is clear.

Essential for acardiac growth is that the retrograde
arterial perfusion from the pump twin is through the
acardiac body rather than through its placenta. Because
these two organs function as parallel resistances
(Figure 1D), this requires a lower acardiac- than placen-
tal vascular resistance. From pathology experience
(PGIN), the vascular density of a first trimester embryo is
indeed much larger than a first trimester placenta, thus
fulfilling this resistance requirement. Experimental sup-
port comes from the very small number of placental cap-
illaries per villous profile, which increases from 1 at
6 weeks to 4 at 17 weeks (Figures 4d and 1c of Jauniaux,
Jurkovic, and Campbell (1991), Jauniaux, Jurkovic,
Campbell, & Hustin, 1992), respectively). In contrast, the
organs of embryos have a significantly larger vascular
density.

An interesting question is why an acardiac twin will
not develop when, for whatever reason, cardiac function
ceases in the smaller twin in the second trimester or later.
From similar arguments as discussed above for the first
trimester, here, the resistance relation between placenta
and fetus must be reversed, thus the placenta must have
a much lower resistance than the fetus to prevent fetal
body perfusion and hence acardiac growth. From
Table 28.1 of Benirschke et al. (2006), normal placental
weight becomes lower than normal fetal body weight
beyond 14 weeks, and because weight is proportional to
blood volume, the placental resistance becomes larger
under normal conditions than the body resistance. How-
ever, essential is here that cardiac arrest of the smaller
fetus causes its arterial pressure to drop to about its
venous pressure, hence exsanguination of the larger twin
into the small twin occurs, particularly into the veins,
until the arterial pressures at the two cord insertions have
become equal. In the second trimester, the compliance of
the veins allows a significant volume of extra blood to
enter the deceased fetus, which we tacitly assumed
increases its body vascular resistance also significantly.
Thus, opposite to embryos, here we have an assumed
(much) larger body- than placental resistance, which pre-
vents that backflow toward the larger twin goes through
the high-resistance body but, instead, it goes via the
lower resistance placenta. A first example is shown in
Figure 6. At 27 weeks, IUFD was observed and delivery
was at 36 weeks (girl of 2,490 g and deceased body of
590 g). There was an AA, a very large VV and a few AVs.
No placental parenchyma could be observed belonging
to the deceased twin and the umbilical cord had a macer-
ated aspect compatible with cessation of perfusion. A
second example is the acardiac dichorionic fused placenta
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case, where the former acardiac placenta is about 20% of
the total placenta. Apparently here, not only the acardiac
was perfused and grew, but also the placenta. We attribute
the difference between the previous (Figure 6) and this
case to the exsanguination and hence increased body resis-
tance of the case of Figure 6, which did not happen in the
dichorionic placenta.

In conclusion, our analysis suggests that acardiac
twinning is restricted to the first trimester because
(a) small fetuses (<33% of normal weight) do not survive
13 weeks and, because the placental resistance strongly
exceeds the embryo resistance, an acardiac pregnancy
from embryo-perfusion will form under the right circum-
stances (AA-VV resistances, no significant AV's from
larger to smaller twin, and small placenta), (b) beyond
the first trimester, the smaller twin has >33% weight
compared to normal, hypoxemia mediated neovascularization
increases the blood volume of the smaller twin, and the
AA anastomoses then have a too small diameter, hence
too large resistance, to be able to cease cardiac activity in
the second trimester, and (c) even if cardiac function
ceases in the smaller twin in the second trimester, retro-
grade perfusion through the deceased twin, or acardiac
onset, does not occur, due to its assumed large vascular
resistance from the relatively large exsanguinated blood
volume, making the return flow to go through the much
lower resistance placenta (Figure 6).

These findings may have clinical significance. Should
mid to late first trimester ultrasound demonstrate a
marked discordancy in fetal weight, the prognosis for
acardiac development is extremely high.
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