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A B S T R A C T   

Introduction: This study investigated the impact of the shared intertwin circulation in unequally divided mono
chorionic (MC) placentas on fetal growth. 
Methods: This retrospective analysis included color-dyed, unequally shared placentas from two tertiary centers. 
Exclusions included twin-twin transfusion syndrome, twin anemia polycythemia sequence, and lethal anomalies. 
Measurement of the external diameters and areas of the artery-to-artery (AA), artery-to-vein (AV), and vein-to- 
vein (VV) anastomoses was performed. The ratio of the shared circulation (AV ratio) was determined by 
comparing the areas of the summed venous components of shared AV anastomoses to those in the individual AV 
anastomoses of the smaller placental part. The birth weight ratio/placental ratio (BWR/PR), total AV size areas 
and net AV transfusion were calculated. Univariable and multivariable linear regressions were performed to 
assess the relationship between BWR/PR, the AV ratio, the areas of the different anastomoses and cord insertion 
discordance. 
Results: Among 352 placentas, 97 % (340) had intertwin AV anastomoses, and 50 % (176) were from pregnancies 
with selective growth restriction. The AV ratio, AA, VV, total AV areas, and cord insertion discordance negatively 
correlated with BWR/PR. Multivariable linear regression confirmed the independent negative association be
tween BWR/PR and the AV ratio, suggesting that a larger shared circulation benefits the twin with the smaller 
placental part. Type III sFGR placentas exhibited the highest AV ratio, resulting in the lowest BWR/PR. 
Discussion: A larger shared circulation mitigates the impact of an unequally divided placenta on fetal growth. This 
effect surpasses the influence of AA and VV diameters and is most prominent in Type III sFGR placentas.   

1. Introduction 

The monochorionic (MC) placenta typically consists of three parts: 
two parts that are perfused by each twin individually and a third shared 
part supplied by indirect artery-to-vein (AV) anastomoses [1,2]. This 
shared part was described by Friedrich Schatz as the ‘third circulation’ 
in his comprehensive late 19th-century work [3]. 

AV anastomoses are often referred to as ‘deep and unidirectional’ 
due to their capillary-level occurrence, enabling blood flow in only one 
direction [1,4]. In contrast, direct surface anastomoses (artery-to-artery; 
AA or vein-to-vein; VV) permit bidirectional blood flow, depending on 

intertwin vascular pressure gradients. Unidirectional AV anastomoses 
may lead to imbalanced net blood flow, potentially causing twin-twin 
transfusion syndrome (TTTS) and twin anemia-polycythemia sequence 
(TAPS) [5–7]. 

Intertwin blood exchange via the different anastomoses may benefit 
the growth of a twin with a smaller part of the placenta if unequally 
divided, which is the primary cause of selective fetal growth restriction 
(sFGR) [8–10]. Through intertwin blood exchange, the twin with the 
smaller placental part may recruit additional nutrients and oxygen from 
its co-twin on the larger part [9,11]. As such, the presence and size of 
AA- and VV anastomoses have a positive impact, reducing birthweight 
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discordance (BWD) relative to placental discordance [10,12]. 
The significance of the shared ‘third’ circulation has not been thor

oughly assessed in relation to the growth of the twin with the smaller 
part. Insight into the angioarchitecture and its role in unequally divided 
placentas will enhance our understanding of the pathophysiology of 
sFGR and may lead to improved clinical management in the future. This 
study aims to examine whether a more elaborate intertwin blood ex
change through AV anastomoses, and thus more extensive shared cir
culation, benefits the twin with the smaller part in unequally divided 
placentas. Second, we compare the size of the shared circulation be
tween the different sFGR types. 

2. Materials and methods 

2.1. Study population 

Both the Leiden University Medical Centre (LUMC) and University 
Hospital Leuven (UZ Leuven) have consistently injected color dye into 
MC placentas over several years, resulting in an extensive data collection 
[10,12]. The methods employed for placenta dye injection remained 
consistent across both centers over time [1,5]. Both centers serve as 
referral centers for complex MC twin pregnancies, resulting in a diverse 
case mix representative of unique MC twin complications. This 

retrospective study focused solely on unequally divided MC placentas, 
defined by a placental ratio of ≥1.5, signifying that the twin with the 
larger part received ≥60 % of the placental blood flow [8]. Placentas of 
the UZ Leuven were obtained from two previous prospective studies: the 
EuroTwin2Twin- and TWINSHARE studies (#QLG1-CT-2002-01632 and 
ClinicalTrials.gov Identifier: NCT03024918), conducted between 
February 2004–October 2008 and August 2016 and January 2023, 
respectively. Placentas from the LUMC between January 2010 and 
December 2022 were eligible for inclusion. 

Placentas involving a birth before 24 weeks, double or single fetal 
demise were excluded. Cases with lethal congenital malformations, 
TTTS, and TAPS were excluded because of their influence on fetal 
growth and distinct placental angioarchitecture [13]. TTTS and TAPS 
were characterized based on criteria previously outlined [14,15]. Lastly, 
placentas that were too damaged for the vasculature to be visible or 
photos that did not meet the required quality standards for precise 
measurement and alignment of placental anastomoses were excluded. 
The ATTACHED study (ArTery-To-vein Anastomoses in unequally 
divided plaCentas and tHEir association with birthweight Discordance) 
was approved, and written informed consent was waived by the ethics 
committees of LUMC (22–028/MK) and UZ Leuven (S67535). The co
horts are part of previous publications [10,12,16–20]. 

Fig. 1. 1.a. (top) Measuring the vascular anastomoses. The shared anastomoses are circled (green: AV anastomoses from the larger to the smaller part, orange: AV 
anastomoses from the smaller to the larger part, red: AA anastomosis). Close up: measuring the AV connections of the smaller placental part. 1.b. (bottom left) 
Placenta with a relatively large shared part (high AV ratio) (1.19) and low BWR/PR (0.37). 1.c. (bottom right) Placenta with a relatively small shared part (low AV 
ratio) (0.23) and high BWR/PR (0.99). AV: artery-to-vein, AA: artery-to-artery, BWR: birthweight ratio, PR: placental ratio Dye colors: blue and green mark the arteries, red 
and yellow the veins. The vascular equator is represented by the yellow line. 
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2.2. Placental studies 

Placental dye injection methods have been previously outlined [1,5]. 
Post-dye injection, photographs were taken perpendicular to the 
placental surface. These images were saved for computer analysis using 
ImageJ (version 1.54b; National Institutes of Health, USA). 
Twin-specific colored dyes delineated individual fetal territories. The 
intertwin anastomoses (AA, VV, and AV anastomoses) as well as the 
individual AV connections within the smaller placental part were 
quantified and their external diameters were measured. AV anastomoses 
were identified when an unpaired artery from one twin entered the 
chorionic plate within 1.0 mm of an unpaired vein from the other twin 
[21]. Measurement of each AA, VV, and vein of an AV anastomosis was 
performed at the level of the vascular equator where the vessels would 
be coagulated in case of selective laser ablation [22]. The venous 
component of each individual AV connection was measured in the 
smaller part (Fig. 1). If more than one AA or VV anastomosis was pre
sent, the diameters and areas were summed. Cord insertion sites were 
categorized as concordant (identical insertions), intermediate (central – 
marginal or marginal – velamentous), or discordant (central – vela
mentous) [23]. 

2.3. Data collection 

Maternal and pregnancy characteristics were collected, including 
maternal age, parity, conception mode, the presence of sFGR, umbilical 
artery (UA) Doppler flow pattern in the smaller twin in sFGR, mode of 
delivery, gestational age (GA) at birth, and birthweight (BW) of each 
twin. SFGR was defined by a BWD of ≥20 % [24]. SFGR cases were 
categorized by Gratacós classification based on the UA Doppler flow 
pattern in the smaller twin, distinguishing among positive end-diastolic 
flow (pEDF; Type I), persistent absent or reversed end-diastolic flow 
(A/REDF; Type II) and intermittent absent or reversed end-diastolic flow 
(iA/REDF; Type III) [25]. The UA flow pattern most prevalent 
throughout gestation was reported. 

2.4. Data analysis 

We chose to measure the diameter of the AV anastomoses and indi
vidual AV connections as a measure of the shared and individual part on 
the placental surface. To account more accurately for the impact on 
blood flow, we have calculated the cross-sectional areas of all the vessels 
using the following formula: area (A) = π

( D
2
)2. The third shared part 

(total area of the AV anastomoses) was determined by summing the 
areas of all veins involved in AV anastomoses between the twins. The 
individual small part was calculated similarly, by summing the areas of 
all veins involved in individual AV connections within the small 
placental part (total areas of individual AV connections). 

The AV ratio represents the size of the third shared part relative to 
the individual smaller part. It was calculated as the third shared part 
(total area of the AV anastomoses) divided by the individual small part 
(total area of the individual AV connections). The AV ratio measures the 
extent of shared circulation in comparison to the individual circulation 
within the small placental share. A higher AV ratio indicates a larger 
shared circulation relative to the individual circulation. 

Net AV flow was calculated as the difference between the area of AV 
anastomoses towards the larger placental part and those towards the 
smaller part. A positive value indicated net AV flow towards the larger 
part, while a negative value indicated net AV flow towards the smaller 
part. 

BWD was calculated as the difference between the larger BW and the 
smaller BW, divided by the larger BW. The placental ratio (PR) was 
calculated by dividing the larger placental part by the smaller part [10, 
12]. Finally, the BW ratio (BWR) was calculated as the BW of the twin 
with the smaller placental part divided by the BW of the twin with the 

larger part. A BWR/PR < 1 indicated a lower BWD relative to placental 
discordance, e.g., twins with comparable BW despite an unequally 
divided placenta [12]. 

To address the primary study aim, uni- and multivariable linear 
regression was conducted to examine the association between the BWR/ 
PR and the AV ratio, the area size of the AA and VV anastomoses, the 
total AV area, the net AV flow and the cord insertion discordance. Sta
tistically significant associations (p < 0.05) were incorporated into a 
multivariable linear regression model. Given the high correlation be
tween the AV ratio and total AV anastomotic area, only the AV ratio was 
included in the multivariable regression analysis. 

For our second aim, we compared placental angioarchitecture 
among different sFGR types. The Kruskal-Wallis H test for numerical 
data and the Pearson’s Chi-squared test for categorical data were used, 
as appropriate. 

Stata (StataCorp. 2021. Stata Statistical Software: Release 17. Col
lege Station, TX: StataCorp LLC.) was used for all analyses. Data are 
presented as median (interquartile range (IQR)) or number/total num
ber (percentage). A 2-sided p-value <0.05 was considered statistically 
significant. 

3. Results 

A total of 369 eligible unequally placentas were identified in our 
databases. After applying the exclusion criteria, 352 placentas were 
included for further analysis (Fig. 2). 

Maternal and obstetric characteristics are summarized in Table 1. 
Notably, half of the twin pairs had sFGR. Most sFGR cases presented 
with either pEDF (43 %) or iA/REDF (37 %). Placental characteristics 
are summarized in Table 2. In 16/352 (5 %) pairs, the smaller twin had 
the larger placental part. In 12/352 placentas (3 %), there were no 
anastomoses. The median AV ratio was 0.21 (IQR 0.07–0.47), indicating 
that the shared part was about one-fifth the size of the smaller part. The 
median BWR/PR was 0.6, indicating a 40 % lower BW difference rela
tive to placental discordance. The maximum PR associated with two live 
births in our series was 9.1, indicating that the twin with the larger share 
received ≥90 % of the placental blood flow. This placenta also had the 
largest AV ratio of 2.7, implying a third shared part that is almost three 
times larger than the smaller individual part. 

The results of the linear regression analysis examining the associa
tion of the AV ratio and angioarchitecture with the BWR/PR are pre
sented in Table 3 and illustrated in Fig. S1. Univariable linear regression 
indicated that the AV ratio, the AA, VV, total AV areas, and the cord 
insertion discordance were all negatively associated with the BWR/PR. 

Multivariable linear regression confirmed a negative association 
between the BWR/PR and the AV ratio, after adjusting for the AA and VV 
areas, as well as the cord insertion discordance. Examples of sFGR pla
centas with high and low AV ratios are displayed in Fig. 1. 

Within the sFGR subgroups, significant variations in placental 
angioarchitecture were observed among the different types of sFGR. 
Twin pairs with iA/REDF (Type III) exhibited the highest PR, AV ratio, 
AA, VV and total AV anastomotic areas, along with cord insertion 
discordance, while the BWR/PR was lowest compared to those with 
pEDF (Type I) or A/REDF (Type II) (Table 4). 

4. Discussion 

This study reveals that in MC twins with an unevenly divided 
placenta, a larger shared circulation, relative to the individual circula
tion of the smaller placental part, is associated with a reduced discor
dance in BW relative to placental discordance. This negative association 
remains significant after accounting for the AA and VV areas. In other 
words, a larger shared circulation appears to lessen the impact of an 
unequally divided placenta. While larger AA and VV anastomoses also 
mitigate the impact of an unequally divided placenta, their effect is 
somewhat less pronounced than that of the shared circulation. When 
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compared to placentas of sFGR pregnancies with pEDF (Type I) and A/ 
REDF (Type II), iA/REDF (Type III) placentas exhibit the largest shared 
circulation relative to the small individual part. Simultaneously, they 
also display the lowest BWD to placental discordance, which highlights 
the importance of the shared circulation in Type III sFGR. 

Our study is the first to quantify the extent of the shared circulation 
in relation to the individual circulation of the smaller placental part. We 
believe this approach provides a more nuanced understanding of the 
interplay between shared and individual circulations, as these two 
should be considered in relation to each other. Our results also validate 
the previously established association between AA and VV anastomoses 
and BW discordance relative to placental discordance [10,12,26,27]. We 

did not observe an impact of any net AV transfusion on BWD relative to 
placental discordance. Furthermore, while cord insertion type showed 
an association with birth weight discordance relative to placental 
discordance in the univariable analysis, this association became 

Fig. 2. Placenta flowchart.  

Table 1 
Maternal and obstetric characteristics.  

Characteristics 352 pregnancies 

Maternal age (years)a 31 (28–34) 
Nulliparousb 174 (50) 
Mode of conceptionc 

Spontaneous 
Assisted conception 

237 (84) 
42 (15) 

Selective fetal growth restriction (sFGR) 176 (50) 
sFGR typed 

pEDF (Type I) 
A/REDF (Type II) 
iA/REDF (Type III) 

75 (43) 
17 (10) 
66 (37) 

Mode of deliverye 

Vaginal 
Caesarean section 

104 (35) 
196 (65) 

Gestational age birth (weeks) 34 + 3 (32 + 0–36 + 1) 
Birthweight twin on smaller part (g) 

Birthweight win on larger part (g) 
1810 (1255–2235) 
2260 (1762–2620) 

Birthweight ratiof 1.25 (1.11–1.43) 
Birthweight discordance 19.8 (9.9–30.0) 

Data presented as median (interquartile range) or number/total (percentage). 
a Missing in 20. 
b Missing in 4. 
c Missing in 69. 
d Missing in 18. 
e Missing in 52. 
f Calculated as BW twin small part/BW twin large part; pEDF, positive end 

diastolic flow in smaller twin’s umbilical artery; A/REDF, absent or reversed end 
diastolic flow; iA/REDF, intermittent absent or reversed end diastolic flow. 

Table 2 
Placental characteristics.  

Characteristics 352 placentas 

Placental territory ratio (PR)a 2.0 (1.7–2.7) 
Birthweight ratiob/placental territory ratio (BWR/PR) 0.6 (0.5–0.7) 
AV anastomosis present 

Number of AV anastomoses 
Total diameter AV anastomoses (mm) 
Total area AV anastomoses (mm2) 

340 (97) 
9 (6–14) 
9.04 (5.03–14.99) 
11.55 (4.73–23.80) 

Total diameter AV anastomosis small-to-large part (mm) 
Total areac AV anastomosis small-to-large part (mm2) 
Total diameter AV anastomosis large-to-small part (mm) 
Total areac AV anastomosis large-to-small part (mm2) 

4.59 (1.78–8.48) 
5.05 (1.09–13.41) 
3.37 (1.22–6.87) 
3.26 (0.68–8.90) 

Total diameter individual AV connections small part (mm) 
Total areac individual AV connections small part (mm2) 

34.31 (23.28–47.57) 
60.91 (36.33–85.69) 

AV ratiod 0.21 (0.07–0.47) 
AA anastomosis present 

More than one 
Total diameter AA anastomoses (mm)e 

Total areac AA anastomoses (mm2)e 

326 (93) 
27 (8) 
2.69 (1.66–3.92) 
5.64 (2.04–11.34) 

VV anastomosis present 
More than one 
Total diameter VV anastomoses (mm)f 

Total areac VV anastomoses (mm2)f 

96 (27) 
17 (18) 
3.99 (2.68–5.35) 
12.25 (5.51–19.40) 

Net AV flow (mm)g 1.41 (− 1.95 – 8.17) 
Concordant cord insertion 

Intermediate cord insertion 
Discordant cord insertion 

74 (21) 
149 (42) 
129 (37) 

Data presented as median (interquartile range) or number/total (percentage). 
AV,artery-to-vein; AA, artery-to-artery; VV, vein-to-vein. 

a Calculated as large placental part/small part. 
b Calculated as BW twin small part/BW twin large part. 

c Areas (A) calculated as: A = π
(

D
2

)2

. 
d Calculated as total area AV anastomoses/total area individual AV connec

tions small part, only calculated in placentas with AV anastomoses (n = 340). 
e In placentas that have an AA present. 
f In placentas that have a VV present. 
g Calculated as total area of the AV anastomoses to the larger part minus those 

towards the smaller part; only calculated in placentas with AV anastomoses (n =
340). 
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non-significant when adjusting for the AA, VV, and AV ratio. 
Denbow et al. initially coined the term ‘rescue transfusion’ to 

describe the phenomenon in which a twin with a smaller placental part 
harnesses oxygen and nutrients from its co-twin through AV anasto
moses, resulting in an increased BW [7]. However, Denbow’s study 
encompassed a substantial proportion of TTTS placentas (30 %), 
whereas TTTS and TAPS were excluded from our series. Transfusion 
imbalances such as TTTS or TAPS affect twin growth [28,29]. Addi
tionally, their analysis primarily focused on the number of AV anasto
moses without considering their diameters. In a recent series from UZ 
Leuven on 247 placentas, including equally divided placentas [12], net 
AV flow did not impact fetal growth either. It is probably the intertwin 
blood exchange that benefits the twin on the smaller part rather than a 
net AV transfusion, which, in the absence of TTTS and TAPS, must be 
balanced by a bidirectional AA or VV anastomosis. The term ‘rescue 
exchange’ rather than ‘rescue transfusion’ would more accurately 
describe the beneficial effect of the shared circulation on BWD. 
Furthermore, our subgroup analysis of sFGR cases showed that preg
nancies with iA/RAEDF (Type III) have the most elaborate intertwin 
blood exchange, which appears to benefit the twin on the smaller part, 
aligning with previously documented findings [10,17,25–27]. 

The clinical relevance of our findings is that the shared circulation 
may be critical for the growth of the twin with the smaller part. If the AV 
anastomoses are targeted for coagulation through laser ablation in the 
context of sFGR, a reduced supply of oxygen and nutrients can poten
tially be lethal for the twin on the smaller placental part. This ominous 
scenario was recently confirmed in a systematic review by Buskmiller 
et al. [30]. 

In interpreting our findings, we must acknowledge the limitations of 
color-dye research involving placentas. Accurate dye injection was only 
possible for dual survivors, potentially introducing a selection bias that 
favors milder degrees of unequal placental sharing. Moreover, the visi
bility of small anastomoses could be compromised because of incom
plete injection; however, we were able to identify and quantify 
anastomoses as minute as 0.2 mm. Additionally, the assessment of 
anastomoses is founded upon two-dimensional measurements on 
photographic records. However, the dynamics of intertwin blood ex
change involve multiple other factors, including total vessel length, 
external and internal pressure, viscosity, and branching patterns [2]. 
Hence, our study methodology did not allow for the precise estimation 
of absolute blood flow. Moreover, due to the nature of our study design, 
the inclusion of placental weight in our analysis was not feasible, 
although we acknowledge its potential value in correlation with birth
weight [31,32]. Furthermore, placental examination is inherently static, 
capturing a singular time point in a dynamic process. Placental growth 
may influence the development of anastomoses, potentially leading to 
their persistence or atrophy, contingent on the flow volume and 

Table 3 
Uni-and multivariable regression analyses for the association of the angioarchitecture with the birthweight relative to placental discordance.   

Characteristics 
Univariable linear regression Multivariable linear regression 

β-coefficient (95 % CI) p-value aR2 β-coefficient (95 % CI) P-value aR2 

AV ratioa ¡0.09 (-0.12–-0.07) <.001 0.12 ¡0.06 (-0.09–-0.03) <.001 0.21 
Total areab AA (mm2) ¡0.008 (-0.01–-0.006) <.001 0.15 ¡0.005 (-0.008–-0.003) <.001 
Total areab VV (mm2) ¡0.004 (-0.006–-0.002) <.001 0.05 ¡0.002 (-0.004–-0.00002) .048 
Total areab AV (mm2) 0.002 (-0.003–-0.0009) <.001 0.04 – – 
Net AV flow (mm2)c − 0.0005 (-0.002 – 0.0006) .377 − 0.0006 – – 
Concordant cord 

Intermediate cord 
Discordant cord 

Reference 
− 0.026 (− 0.072–-0.020) 
− 0.063 (− 0.111–-0.016) 

.267 

.008 
0.02 − 0.01 (− 0.05 – 0.03) 

− 0.04 (− 0.08 – 0.006) 
.576 
.094 

Data presented as median (interquartile range). AV, artery-to-vein; AA, artery-to-artery; VV, vein-to-vein. 
a Calculated as total area AV anastomoses/total area individual AV connections small part. 

b Areas (A) calculated as: A = π
(

D
2

)2

. 
c Calculated as total area of the AV anastomoses to the larger part minus those towards the smaller part. 

Table 4 
Placental characteristics according to the type of selective fetal growth 
restriction.  

Characteristics pEDF-Type I 
(n = 75) 

A/REDF-Type 
II (n = 17) 

iA/REDF-Type 
III (n = 66) 

p- 
value 

Gestational age 
birth (weeks) 

34 þ 2 (32 þ
4–36 þ 0) 

31 þ 1 (29 þ
0–31 þ 4) 

31 þ 5 (29 þ
4–32 þ 4) 

<.001 

BW 
discordance 
(%) 

29.07 
(25–35.1) 

36.96 
(31.6–46.1) 

31.55 
(26.1–38.3) 

<.005 

BW ratio 
(BWR)a 

1.41 
(1.33–1.54) 

1.59 
(1.46–1.85) 

1.46 
(1.35–1.62) 

<.008 

Placental 
territory 
ratio (PR)b 

2.07 
(1.78–2.64) 

2.26 
(2.08–3.17) 

3.00 
(2.51–3.67) 

<.001 

BWR/PR ratio 0.67 
(0.57–0.79) 

0.67 
(0.5–0.86) 

0.50 
(0.39–0.59) 

<.001 

AV ratioc,d 0.16 
(0.05–0.32) 

0.26 
(0.06–0.63) 

0.49 
(0.26–0.87) 

<.001 

Total diameter 
AA (mm)e 

2.62 
(1.43–3.79) 

2.15 
(1.36–2.84) 

3.28 
(2.39–5.12) 

<.001 

Total aread AA 
(mm2)e 

5.39 
(1.61–8.76) 

3.36 
(1.45–5.63) 

8.07 
(4.49–18.63) 

<.001 

Total diameter 
VV (mm)f 

3.81 
(2.65–4.85) 

2.87 
(1.02–3.44) 

4.36 
(3.27–5.65) 

0.099 

Total aread VV 
(mm2)f 

8.62 
(4.40–17.87) 

6.47 
(0.82–9.29) 

13.50 
(8.58–19.80) 

0.066 

Total diameter 
AV (mm)g 

6.99 
(3.86–11.82) 

6.71 
(5.26–14.26) 

13.38 
(7.79–17.89) 

<.001 

Total aread AV 
(mm2)g 

11.12 
(3.76–18.15) 

8.15 
(3.55–21.03) 

19.05 
(8.91–29.37) 

0.005 

Net AV flowh 1.34 (− 0.77 – 
4.56) 

1.20 (− 0.63 – 
3.55) 

1.63 (− 3.93 – 
6.35) 

.949 

Discordant 
cord 
insertion 

26 (35) 6 (35) 41 (62) .003 

Data presented as median (interquartile range) or number/total (percentage). 
GA, gestational age; BW, birthweight, AV, artery-to-vein; AA, artery-to-artery; 
VV, vein-to-vein. 

a Calculated as BW twin small part/BW twin large part. 
b Calculated as large part/small part. 
c Calculated as total area AV anastomoses/total area individual AV connec

tions small part. 

d Area (A) calculated as: A = π
(

D
2

)2

. 
e In placentas that have an AA present. 
f In placentas that have an VV present. 
g Only calculated in sFGR placentas with AV anastomoses (n = 170). 
h Calculated as total area of the AV anastomoses to the larger part minus those 

towards the smaller part. 
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velocity, a complex interplay recognized already by Friedrich Schatz [2, 
3]. Data regarding the natural progression of anastomotic dimensions 
relative to GA are currently unavailable. Consequently, the normaliza
tion of diameters between the different sFGR subtypes is impossible, and 
differences in GA at birth between Type I and Type II-III may have 
influenced the difference in anastomotic diameter. However, Type II and 
III delivered at comparable GA, and the observation that Type III has 
larger AA anastomoses seems valid, as confirmed also by other series 
[10,12,16,25,26]. Although our study provides insights into the re
lationships between placental characteristics and BWD, implications for 
long-term infant health remain areas that warrant further investigation. 
Lastly, the role of placental pathology in relation to the development of 
growth discordance should be investigated in future studies. 

As a strength, our study benefits from a substantial placental series 
obtained from two expert centers with a long-standing experience in 
placental injection studies. The systematic approach employed for 
placental injection and subsequent photographic analysis enhances the 
robustness and reliability of our data collection process. Another notable 
strength is our consideration of vessel areas; in addition to measuring 
diameter, we have calculated cross-sectional areas. We contend that this 
approach more accurately represents the actual impact of the shared 
circulation and flow, providing a more comprehensive understanding 
compared to calculations based solely on one-dimensional vessel 
diameters. 

In summary, our study represents the first quantitative assessment of 
the overall extent of AV anastomoses. An extensive shared circulation, 
relative to the smaller placental part, diminishes the impact of an un
equally divided placenta. This effect surpasses that of any AA and VV 
anastomoses and is particularly pronounced in placentas of sFGR preg
nancies with iA/REDF (Type III). These insights enhance our under
standing of the intricate interplay between placental angioarchitecture 
and twin growth, particularly when the placenta is unequally divided. 
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