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Abstract

Objective To evaluate the influence of fetoscopic laser therapy on fetal cardiac size in mono-
chorionic twins complicated by twin-to-twin transfusion syndrome (TTTS).

Methods In a longitudinal, prospective study, we assessed sonographically the fetal cardiac
size in monochorionic diamniotic twins with TTTS treated with laser therapy and in mono-
chorionic twins without TTTS. The fetal cardiothoracic ratio (cardiac circumference divided
by thoracic circumference) of TTTS twins was determined within 24 h before, 12 to 24 h after
and 1 week after laser treatment, and from then on every 2 to 4 weeks until birth. TTTS twins
were classified at Quintero Stage 1-2 (n=18) and Stage 3-4 (n=16) and measurements were
compared to biweekly measurements of non-TTTS monochorionic twins matched for gestational
age (n=38). Cardiomegaly was defined as a cardiothoracic ratio above the 97.5% percentile.

Results Before laser treatment, cardiomegaly was observed in 44% (8/18) and in 50%
(8/16) of recipients at Quintero Stage 1-2 and Stage 3-4, respectively. Cardiomegaly occurred in
none of the donors before treatment. After laser treatment, cardiomegaly was observed in 76%
(13/17) and 50% (7/14) of recipients at Stage 1-2 and Stage 3-4, respectively. Cardiomegaly
was found in 17% (3/18) and 13% (2/15) of donors at Stage 1-2 and Stage 3-4, respectively.
Non-TTTS monochorionic twins and singletons showed cardiomegaly in 18% (7/38) and 8%
(2/25).

After laser therapy, cardiothoracic ratios of recipients at Stage 1-2 and Stage 3-4 were not
significantly changed (p=0.34 and 0.67, respectively). Cardiothoracic ratios of donors in Stage
1-2 and Stage 3-4 were increased compared to their cardiothoracic ratios before laser therapy
(p-values 0.0002 and 0.005, respectively). Cardiothoracic ratios of non-TTTS monochorionic
twins were not significantly different from our reference range in singletons throughout gesta-
tion, and were smaller as compared to both recipients and donors after laser therapy.

Conclusion Recipients show cardiomegaly both before as well as after fetoscopic laser therapy
for TTTS. Donors develop cardiomegaly only after laser treatment for TTTS. Our findings em-
phasize the significant effect of TTTS and fetoscopic laser therapy on the fetal hearts of both
recipient and donor twins.
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Introduction

Twin-to-twin transfusion syndrome (TTTS) is a severe complication that occurs in 15% of
monochorionic diamniotic twin pregnancies during the second trimester!. TTTS originates from
unbalanced blood transfusion through placental vascular anastomoses from one twin (donor)
to the other (recipient) and is diagnosed sonographically by the presence of an oligo/poly-
hydramnios sequence?. If left untreated, TTTS is associated with extremely high mortality and
morbidity rates**. Nowadays, fetoscopic laser coagulation of vascular anastomoses is the treat-
ment of choice in severe second-trimester TTTS®.

When TTTS occurs, recipient twins present in 55 to 100% with signs of cardiac compromise,
including biventricular hypertrophy, tricuspid regurgitation, and right ventricular outflow tract
obstruction (RVOTO), that may continue to progress despite adequate therapy’**. Although less
frequently documented, fetal donor hearts may also suffer from hemodynamic changes caused
by TTTS or its therapy®. One of the parameters to obtain useful information on impending
cardiac failure, is the assessment of the degree of cardiomegaly?®.

Fetoscopic laser therapy for TTTS aims at interrupting the intertwin transfusion process
and is associated with important changes in the hemodynamic situation of both donor and
recipient. Abnormal Doppler flow profiles, in both recipients and donors, have been shown to
improve after laser treatment'’-*°. The objective of this study was to evaluate the influence of

TTTS and fetoscopic laser therapy on fetal cardiac size.

Methods

Population

Leiden University Medical Center (LUMC) is the national referral center for fetoscopic laser treat-
ment for TTTS in the Netherlands. During a two-year period (September 2002 - September 2004), a
consecutive cohort of monochorionic diamniotic twin pregnancies with TTTS referred to the LUMC
and a cohort of monochorionic diamniotic twin pregnancies without TTTS from our own region
were followed in a longitudinal, prospective approach. Monochorionicity was diagnosed by a first-
trimester scan showing twins with absent lambda- and present “T” sign, and was confirmed by
postpartum placental studies. Pregnancies with fetal congenital anomalies (n=1) were excluded.

TTTS was diagnosed by the presence of oligo/polyhydramnios sequence in the absence of
other causes between 15 and 26 weeks of gestation. Polyhydramnios and oligohydramnios
were defined as a deepest vertical pocket of amniotic fluid of >8 cm at <20 weeks (or >10
cm at >20 weeks) and <2 cm, respectively. TTTS severity was assessed according to Quintero’s
established criteria?: Stage 1, isolated oligo/polyhydramnios sequence; Stage 2, absent visible
bladder of the donor twin; Stage 3, critically abnormal Doppler studies (absent/reversed end-
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Table 1 Pregnancy data for donors and recipients at Quintero Stage 1-2 and Stage 3-4 and non-TTTS
monochorionic twins

Donors at Recipients at Donors at Recipients at Non-TTTS p-value
Quintero Stage ~ Quintero Stage  Quintero Stage ~ Quintero Stage ~ monochorionic
1-2 1-2 3-4 3-4 twins
(n=18) (n=18) (n=16) (n=16) (n=38)
Gestational age in
weeks* at
- laser treatment  19.5 (15.6-24.7)  19.5 (15.6-24.7) 19.9 (16.1-23.9) 19.9 (16.1-23.9) 0.76
- delivery 35.7 (22.6-39.0) 35.7 (22.6-39.0) 30.8 (18.3-38.0) 30.8 (18.3-38.0) 36.1(19.1-38.7) 0.006
Perinatal 94% (17/18)  78% (14/18)  63% (10/16) 50% (8/16) 95% (36/38)  0.002
survivale

=Values are reported as percentages (numbers); *values are reported as medians (range). TTTS, twin-to-twin
transfusion syndrome.

diastolic flow of the umbilical artery, absent/reversal of flow during atrial contraction in the
ductus venosus, or pulsatile flow pattern of the intrahepatic part of the umbilical vein; Stage
4, hydrops in either fetus; Stage 5, demise of one or both twins. Pregnancies complicated by
TTTS > Quintero Stage 2 or Quintero Stage 1 with clinically important polyhydramnios were
treated using laser ablation of the communicating placental vessels combined with a single
amniodrainage at the end of the laser procedure®?. Patients with unreliable identification of
former donor and recipient at post-laser treatment ultrasonography due to iatrogenic intertwin
membrane perforation during laser treatment were excluded (n=2).

Fifty-three twin pairs remained available for analysis. In total, 1002 ultrasound examina-
tions of 106 twin fetuses were performed. In 19 pregnancies, no signs of TTTS developed. TTTS
was diagnosed and treated with fetoscopic laser therapy in 34 pregnancies. The fetuses were
divided into five groups: donors at Quintero Stage 1-2 (n=18) and Stage 3-4 (n=16), recipients
at Quintero Stage 1-2 (n=18) and Stage 3-4 (n=16), and non-TTTS monochorionic twins (n=38).
Clinical details of donors, recipients, and non-TTTS monochorionic twins are listed in Table 1.

The hospital’s institutional review board approved the study. All patients gave informed
consent.

Echocardiography

TTTS twins were scanned within 24 h before, 12 to 24 h after and 1 week after laser treatment,
and from then on at least every 2 to 4 weeks until birth. In non-TTTS monochorionic twins,
ultrasound examinations were performed biweekly from 12-16 weeks’ gestation onwards until
birth. Measurements were obtained in the absence of fetal breathing or movements by one of
two experienced operators (MS, KAT) using an Acuson Sequoia (Acuson, Mountain View, CA)
ultrasound machine with a 4.0 to 6.0 MHz probe. B-mode cardiothoracic ratio was determined
from a frozen image of a transverse scan of the fetal thorax with the four-chamber view of
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Figure 1 Cardiothoracic ratio

the heart in diastole®. Images were considered appropriate if two complete ribs could be
visualized without fetal abdominal organs present in the same view. The cardiac circumference
was measured on the outer border of the pericardium and the thoracic circumference was mea-
sured on the outer border of the ribs (Figure 1), and the ratio between the two circumferences
was calculated. Cardiothoracic ratio measurements were plotted on a reference range recently
established at our own institution using the same method in a normal singleton population
(submitted for publication). Cardiomegaly was defined as a cardiothoracic ratio above the

97.5% percentile for gestation.

Statistical Analyses

Differences in gestational age at laser treatment and at delivery between TTTS twin pairs and
non-TTTS monochorionic twin pairs were analyzed with a one-way anova. Percentage of perina-
tal (fetal and early neonatal, until 7 days postpartum) survival was defined as 100x the number
of live born children divided by the number of fetuses in each group. Differences in perinatal
survival between donors, recipients, and non-TTTS monochorionic twins were analyzed using a
logistic regression model with a random twin effect.

To study the relation between the cardiothoracic ratio and gestational age and to study
differences between the subgroups (donors at Quintero Stage 1-2 and Stage 3-4, recipients
at Quintero Stage 1-2 and Stage 3-4 , and non-TTTS monochorionic twins), linear regression
models were used with gestational age and group as independent variables. Parameters in
the regression models were estimated using Generalized Estimation Equations (GEE)?! to take
into account that repeated measurements on the same fetus were taken and that dependency

between the outcomes within a twin pair could exist.
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Results

Figure 2 shows the cardiothoracic ratios of donors and recipients during gestation plotted on
our reference range for cardiothoracic ratio in normal singletons.

Figure 3 shows the estimated mean (p50) cardiothoracic ratios of donors, recipients and
singletons during gestation.

Table 2 demonstrates the cardiothoracic ratios of donors and recipients at Quintero Stages
1-2 and Stages 3-4 before laser therapy compared to each other, to non-TTTS monochorionic
twins, and to our reference range for cardiothoracic ratios in normal singletons.

Before laser treatment, cardiomegaly was observed in 44% (8/18) and in 50% (8/16) of
recipients at Quintero Stage 1-2 and Stage 3-4, respectively. Cardiomegaly occurred in none of
the donors at Stage 1-2 and Stage 3-4. After laser treatment, cardiomegaly was observed in 76%
(13/17) and 50% (7/14) of recipients at Stage 1-2 and Stage 3-4, respectively. Cardiomegaly
was found in 17% (3/18) and 13% (2/15) of donors at Stage 1-2 and Stage 3-4, respectively.
Non-TTTS monochorionic twins and singletons showed cardiomegaly in 18% (7/38) and 8%
(2/25).

Table 3 demonstrates the cardiothoracic ratios of donors and recipients at Quintero Stages
1-2 and Stages 3-4 after laser therapy compared to their cardiothoracic ratios before laser
treatment, to each other, to non-TTTS monochorionic twins, and to our reference range for
cardiothoracic ratios in normal singletons.

Figure 4 shows the mean differences of cardiothoracic ratios of donors and recipients at
Quintero Stage 1-2 and Stage 3-4 compared to normal singletons, as function of weeks post-
laser therapy.

Table 2 Cardiothoracic ratios of donors and recipients at Quintero Stage 1-2 and Stage 3-4 before fetoscopic
laser therapy compared to each other, to non-TTTS monochorionic twins, and to our reference range for
cardiothoracic ratios in normal singletons

Mean difference p-value  Mean difference p-value

(increase (+) or (increase (+) or

decrease (-)) of decrease (-)) of

cardiothoracic cardiothoracic

ratios for Quintero ratios for Quintero

Stage 1-2 Stage 3-4
Donors compared to recipients -0.051 <0.0001  -0.090 <0.0001
Donors compared to non-TTTS monochorionic twins -0.011 0.21 -0.017 0.11
Donors compared to singletons -0.017 0.04 -0.023 0.03
Recipients compared to non-TTTS monochorionic twins ~ +0.040 <0.0001  +0.072 <0.0001
Recipients compared to singletons +0.034 0.0007  +0.066 <0.0001
Non-TTTS monochorionic twins compared to singletons ~ -0.007 0.15 -0.007 0.15

TTTS, twin-to-twin transfusion syndrome.
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Table 3 Cardiothoracic ratios of donors and recipients at Quintero Stage 1-2 and Stage 3-4 after fetoscopic
laser therapy for TTTS compared to their cardiothoracic ratios before laser treatment, to each other, to non-
TTTS monochorionic twins, and to our reference range for cardiothoracic ratios in normal singletons

Mean difference p-value Mean difference p-value
(increase (+) or (increase (+) or
decrease (-)) of decrease (-)) of
cardiothoracic ratios cardiothoracic ratios
for Quintero Stage 1-2 for Quintero Stage 3-4
Donors after laser therapy compared to +0.029 0.0002 +0.031 0.005
donors before laser therapy
Donors after laser therapy compared to -0.032 <0.0001  -0.054 0.0001
recipients after laser therapy
Donors after laser therapy compared to +0.015 0.02 +0.010 0.13
non-TTTS monochorionic twins
Donors after laser therapy compared to +0.006 0.31 +0.002 0.74
singletons
Recipients after laser therapy compared to +0.010 0.34 -0.005 0.67
recipients before laser therapy
Recipients after laser therapy compared to +0.056 <0.0001  +0.065 <0.0001
non-TTTS monochorionic twins
Recipients after laser therapy compared to +0.038 <0.0001  +0.056 0.0001
singletons
Non-TTTS monochorionic twins compared to ~ -0.007 0.15 -0.007 0.15

singletons

TTTS, twin-to-twin transfusion syndrome.
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Discussion

In this study, recipient twins in pregnancies complicated by TTTS Quintero Stage 1-2 and
Stage 3-4 had enlarged hearts compared to donor twins and to non-TTTS monochorionic twins,
both before and in the weeks following fetoscopic laser therapy. The cardiothoracic ratios of
donor twins at Quintero Stage 1-2 and Stage 3-4 showed a trend to be smaller as compared to
non-TTTS monochorionic twins before laser treatment. After laser therapy, the cardiothoracic
ratios of donors at all Quintero stages increased significantly and became larger than those
of non-TTTS monochorionic twins. For Quintero Stage 1-2, the difference between donors and
non-TTTS monochorionic twins was statistically significant, for Stage 3-4 it was not, which
could be due to relatively small sample sizes and become significant in larger series. This is the
first longitudinal study demonstrating these findings. These data confirm that TTTS is a complex
disease that has cardiovascular consequences for both donor and recipient twins. Fetoscopic
laser coagulation of the vascular anastomoses did not result in normalization of cardiac size of
recipients during the study period.

Before fetoscopic laser therapy, we found significantly increased cardiac size in TTTS re-
cipients compared to donors and non-TTTS monochorionic twins. This is in line with previous
studies”®10111314 Barrea et al.** showed that cardiomegaly in TTTS results from myocardial
hypertrophy rather than ventricular dilatation. Since we did not measure ventricular wall thick-
ness, we were not able to confirm their findings.

In the literature, the etiology of cardiac failure in TTTS recipients is associated with in-
creased preload and afterload”8* 1% Apart from the volume overload due to the intertwin
blood transfusion from donor to recipient, which poses a significant burden for the recipient’s
heart, cardiac hypertrophy could also result from the release of vasoactive peptides stimulated
by the cardiac overload. Concentrations of fetal atrial natriuric peptide as well as brain natri-
uretic peptide are significantly higher in recipients compared to donors?*?. In addition, the
donor responds to hypovolemia and decreased renal perfusion by upregulation of its fetal renin-
angiotensin system??°. Through the vascular anastomoses, the donor’s renin and angiotensin
IT can be transfused to the recipient. Due to the vasoconstrictive effect and increase of blood
pressure, this process may deteriorate the recipient’s cardiac function even further. Cardiac
hypertrophy in recipients may be induced this way, as shown by the significant increased
cardiothoracic ratios of recipients before laser therapy in our study. In some cases, this process
may even lead to progressive ventricular dysfunction, tricuspid regurgitation, and RVOTO.

Before fetoscopic laser therapy, fetal cardiothoracic ratios of donor twins were comparable to
those of non-TTTS monochorionic twins, and significantly smaller compared to recipients. Car-
diomegaly was not found in donors before treatment. In the literature, donors in TTTS show no
or little cardiac pathology in the absence of structural heart abnormalities®111133, Since do-
nors are thought to experience hypovolemia, their hearts are not exposed to increased volume
loading and therefore not likely to show signs of cardiac decompensation or hypertrophy and
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consequently increased cardiothoracic ratios. Therefore, we think our results are representive
of the hemodynamic situation of donors in TTTS before treatment.

After fetoscopic laser coagulation of the communicating vessels, the intertwin transfusion
process is stopped and volume loading is expected to normalize. Others have demonstrated re-
appearance of forward flow during atrial contraction in the ductus venosus*’** and a significant
reduction in ductus venosus pulsatility index’-*® in recipient twins after treatment. Our findings
however demonstrate a sustained cardiomegaly in recipient twins despite laser therapy. One
explanation for this finding may be the residual anastomoses that are seen in one third of
the monochorionic placentas treated with fetoscopic laser surgery at our institution®?, sub-
sequently causing ongoing intertwin transfusion. Another explanation for the maintenance of
enlarged fetal hearts after laser therapy may be that laser treatment is not able to alter the
process of cardiovascular remodeling in recipients. A recent follow-up study by Herberg et al.*
showed pulmonary stenosis in almost 8% of recipients that were treated with laser compared
to a prevalence of 0.04% in the general population.

Our finding of significantly increased cardiothoracic ratios in donor twins after fetoscopic
laser therapy can be explained by several mechanisms. First, as demonstrated by Ishii et al.!
and Gratacos et al.*®, donors experience a state of volume overload after laser coagulation. Al-
though this situation is stated to be transient, a process of cardiovascular remodeling may then
be initiated that cannot be reversed. Since RVOTO seems to be a typical feature of recipient
twins, remodeling is probably less pronounced in donors. A second cause for increased cardio-
thoracic ratios in donors after laser therapy may be intrauterine growth restriction that often
affects donors as pregnancy progresses®. In the literature, cardiac sizes of growth-restricted
fetuses are reported in an inconsistent way: smaller®, not significantly different®, or larger®
than normally grown fetuses of similar gestational age. Cardiothoracic ratio measurements in a
growth-restricted fetus with a proportionally small chest size, or even a mild subclinical degree
of thoracic hypoplasia due to its growth restriction, however with a normal heart circumfer-
ence, will consequently be increased. This may falsely be labeled as cardiomegaly. Moreover,
growth restriction is often accompanied by decreased amounts of amniotic fluid, leading to
compression of the fetal lungs and consequently increased cardiothoracic ratio. Third, in our
experience, some donor twins demonstrate cardiac hypertrophy a few weeks after laser treat-
ment, which increases the cardiothoracic ratio of small-sized donors even further. This might
be associated with increased impedance to flow in the placental vessels. Fourth, after complete
coagulation of placental anastomoses, the vasoactive factors that were initially released by
donors and transported to recipients before treatment may now remain present in the donor’s
own circulation leading to cardiac hypertrophy. Fifth, residual anastomoses after laser therapy
may initiate reversal of TTTS* and transform former recipients into donors and vice versa. Car-
diomegaly may then consequently be seen in the new recipients that used to be donors. Lastly,
fetal anemia is also linked with fetal cardiomegaly, however this is not a likely mechanism to
be involved in donors that are disconnected from their co-twin®.
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We realize that the cardiothoracic ratio measurement is only one of the tools to evaluate
fetal cardiomegaly. Ultrasonographic detection of cardiomegaly, however, is a relatively simple
and reproducible measurement, which should alert the clinician to suspect impending hemody-
namic complications. If possible, more complex arterial and venous Doppler assessment of fetal
cardiac function might then be employed for further evaluation.

In conclusion, our study shows that TTTS has an impact on the fetal cardiovascular system
of both donors and recipients, even after causal treatment with fetoscopic laser therapy. The
increase of the cardiothoracic ratio in donors after laser treatment is of special interest, since
cardiac involvement of donors has not been reported that often. In the literature, the hostile in
utero environment has been suggested to cause increased vascular stiffness and raised cardiac
afterload in the surviving donor, which has been associated with adult onset of cardiovascular
disease such as hypertension and ischemic heart disease®*#’. Our study may also show that
labeling donors that are treated with fetoscopic laser therapy for TTTS as not being at risk for
cardiac involvement and disease is not necessarily true.
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