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Diagnosis of Twin-Twin Transfusion Syndrome

What is twin-twin transfusion syndrome?

Twin-twin transfusion syndrome (TTTS) is a specific condition that only occurs in multiple pregnancies
of monozygotic (monochorionic) twins. When twins share a single placenta (monochorionic twins), the blood
vessels become mutually interconnected in the placenta, so that blood flows back and forth between both twins.
Normally a balance is reached in the blood flow between each twin and pregnancy progresses without
problems. TTTS occurs when an imbalance arises and blood flows disproportionately to one twin or the other.
If the condition progresses and becomes severe, generalized swelling can occur in the twin receiving the surplus
blood (recipient), which can lead to heart failure and hydrops fetalis. Polyhydramnios also occurs due to
increased fetal urinary output. On the other hand, the twin outputting more blood (donor) remains small and
underdeveloped, and the resulting decrease in urinary output can lead to renal failure and oligohydramnios.
Early-onset severe cases occur in 5-10% of monochorionic twins, and infant mortality is virtually 100% without
treatment. Polyhydramnios of the recipient twin causes an increase in the size of the uterus, which can lead to

miscarriage and the inability to continue pregnancy to term, and increases the potential for premature delivery.

Previously, amnioreduction was the only treatment available for severe TTTS. However, at our clinic
(Maternal and Perinatal Care Center of Seirei Hamamatsu General Hospital), we have been able to provide a
new therapy for patients diagnosed with TTTS since 2002, involving photocoagulation of placental vascular
anastomoses using a fetoscope and a medical laser. This useful procedure is currently the first-line therapy used

in Europe and North America to treat severe TTTS, having replaced amnioreduction.

Diagnostic criteria of twin-twin transfusion syndrome

The criterion used to diagnose TTTS is the simultaneous occurrence of polyhydramnios due to polyuria
with oligohydramnios due to oliguria. This assumes that diseases causing polyhydramnios and oligohydramnios
(such as premature rupture of tne membranes, abnormality of the urinary system and intestinal atresia) have

been excluded.

Ultrasonography reveals a
condition in which there is
virtually all amniotic fluid
(completely black) Bladder

is large and prominent.

Polyhydramnios of recipient twin (>8 cm)

Donor can be seen stuck
against the uterine wall and
placenta (stuck twin). In this
condition, the membrane
separating the two fetuses is
plastered on the donor fetus
and is thus difficult to see.
This situation could be
mistaken for monoamnionic
[, twins. The bladder is small

Oligohydramnios of donor (<2 cm) Bladder is extremely small or not visible and Vlrtually invisible.
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TTTS is diagnosed when the following conditions are met, and this therapy is inapplicable under any

other conditions.
v Twins must be monochorionic and diamnionic.

* The chorionicity of the twins should be diagnosed by ultrasonography in the first trimester of
pregnancy. As this condition never occurs in dichorionic twins, the diagnosis of chorionicity is
extremely important.

* If chorionicity is not diagnosed in the first trimester, diagnosis will be based on the number of

placentas (one), membrane thickness (very thin), and genders of the twins (same gender).
v Polyhydramnios and oligohydramnios must be present simultaneously.

* Polyhydramnios is present if ultrasonography shows a maximum amniotic fluid depth > 8 cm, and a
large distended fetal bladder (polyuria)

» Oligohydramnios is present if ultrasonography shows an amniotic fluid depth < 2 cm, and the fetal

bladder appears small or is not visible (oliguria, anuria).
v Other diseases that cause polyhydramnios/oligohydramnios must be excluded.

* Polyhydramnios: fetal intestinal atresia, or stenosis, difficulty swallowing, neural tube defect, etc.

* Oligohydramnios: rupture of the membranes, urethral atresia, renal agenesis, etc.

v Differences in body weight, abdominal circumference, and cardiac function are considered,

but are not diagnostic criteria.

» The classical diagnostic criterion used to be a body weight difference of 25% (estimated weight or
birth weight). However, this is not essential to the condition of TTTS and is not used in the current

diagnostic criteria. However, this finding is considered as a symptom of TTTS in the diagnosis.

 The strict diagnostic criterion for TTTS is polyhydramnios/oligohydramnios. Fetal cardiac dysfunction
(cardiomegaly, tricuspid regurgitation, etc.) are also symptoms of TTTS (particularly in the recipient

twin), but are not used as diagnostic criteria.
v Discrepancy between twins in hemoglobin levels is not used in the diagnosis.

* Although this was included in the classical diagnostic criteria, frequently no difference is apparent
between the twins with regard to hemoglobin levels, and thus this is not used in the current diagnostic
criteria (criteria for prenatal ultrasonographic diagnosis).

Clinical conditions of twin-twin transfusion syndrome

TTTS is believed to occur in 10-15% of monochorionic diamniotic (MD) twins. MD twins share one
placenta, and several anastomoses (connected blood vessels) are always present (normally 7-8 vessels).
Normally, because a balance exists in the blood flowing between the twins through the anastomoses, no

problems arise because blood is flowing back and forth between the twins (originally the same blood).
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However, TTTS occurs if for some reason this balance collapses and overall blood flow tends to be in one

direction.

The donor (twin from whom blood disproportionately flows out) enters a state of anemia, and
hypotension, oliguria (urine production decreases due to insufficient blood flow to the kidneys), and
oligohydramnios occur due to generalized insufficient blood volume (because most of the amniotic fluid is
comprised of fetal urine, amniotic fluid levels decrease as urinary output decreases). Fetal growth is also
restricted, resulting in a condition called intrauterine growth restriction (IUGR). This condition will result in
poor blood circulation that will eventually lead to renal failure and fetal demise due to circulatory failure.
Conversely, the recipient (the twin receiving surplus blood) will enter a state of polycythemia due to
excessively high blood volume, leading to hypertension and putting great stress on the heart. This gradually
results in a condition of polyuria with increased urinary output in an attempt to reduce blood volume,
progressing rapidly to polyhydramnios in response. In this condition, poor circulation continues to advance,
affecting the fetal hormones and endocrine actions. Moreover, because the urine that is produced is diluted, the
high osmolality blood (blood thickens) received increases, and moisture drawn in from the mother through the
placenta can further contribute to a deterioration of conditions (extreme thirst in the mother can occur as a result
of rapid enlargement of the uterus and a tendency toward dehydration). Longterm continuation of this condition
puts a great deal of stress on the heart of the baby, which will eventually lead to cardiac failure followed by
hydrops fetalis (generalized swelling, pleural effusion and accumulation of ascites), which can result in fetal
demise. TTTS is not a disease of one twin or the other, but is characterized by conditions becoming worse for
both twins.

Regardless of the condition of the babies, it is important to be aware that if severe polyhydramnios
occurs, uterine contractions (labor pain) may intensify, and membranes can rupture leading to miscarriage

or premature delivery. Donor Recipient

polycythemia

anemia

NS hypertention

hypotention

CllEm unbalanced shunt flow

oligohydra
circulatory insi tory overload
gorwth restriction eart failure
hydrops fetalis

renal failure

fetal demise
~

fetal demise

Progression of TTTS

normal amniotic fluid volume amniotic fluid volume discordance poly-/oligohydramnios stuck twin
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Changes in cardiac function of recipient twin

tricuspid regurgitation accumulation of ascites caridomegaly and thick placenta

Increased stress on the recipient’s heart can lead to a condition of fetal cardiac failure, and symptoms such as
cardiomegaly, atrioventricular valve regurgitation (tricuspid valve regurgitation, mitral valve regurgitation),
pleural effusion, and ascites can occur. The placenta becomes engorged and appears thick.

Placental anastomoses

Arery

Blood from the fetuses enters the placenta through the umbilical cord (arteries), receives oxygen and
nutrients from the mother through the placenta, and returns to the fetus via the umbilical cord (vein). However,
in the case of monochorionic twins, after receiving oxygen and nutrients in the placenta, an artery from one of
the twins may return not to the same twin, but to the other twin instead. This is called an anastomosis (arterial-
venous anastomosis). Veno-venous and arterio-arterial anastomoses can also occur, via veins directly connected
to other veins or arteries directly connected to other arteries.

Normally, a balance in blood flow will be maintained, but TTTS will occur if this balance is disrupted.

All anastomoses can be confirmed by observing the surface of the placenta.
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Classification of severity (stage) of TTTS (Quintero’s Stage)

Quintero’s classification is generally used to classify TTTS severity in stages, as follows:

Stage 1 The bladder of the donor twin is still visible. Fetal blood flow is also normal.
Stage 11 Bladder of donor twin is not visible.
Stage 111 The following blood flow abnormalities appear in either twin

Absent or reversed end-diastolic flow in the umbilical artery
Pulsatile umbilical venous flow

Reverse flow in ductus venosus
Stage IV Presence of hydrops fetalis in either fetus

Stage V Fetal demise

*If fetal blood flow abnormalities are present when the bladder is still visible, this is classified as Stage III atypical, distinguishing this situation

from Stage III classical where the bladder is not visible.

Pulsatile umbilical venous flow Reverse flow in ductus venosus

Absent or reveresed end-diastolic flow of

umbilical artery

How the death of one fetus affects the survivor

With all MD twins, not just those with TTTS, the effects of the death of a twin are substantial, and the
remaining twin may also die, or even if the baby does survives, the possibility of neurological sequelae is reportedly
around 30-40%. In particular, blood may continue to flow from the surviving fetus through the placental anastomoses
to the dead fetus.
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Treatments of Twin-Twin Transfusion Syndrome

Methods for treating twin-twin transfusion syndrome

If the cause of TTTS is an imbalance blood distribution in the shared placenta through anastomoses, then it
logically follows that TTTS can be cured after removing the cause. Consequently, if this condition is present at a time
when extrauterine survival is possible, the most basic treatment is to induce delivery and perform standard neonatal

carc.

Amnioreduction (AR)

The objective of this treatment is to ameliorate maternal symptoms (pressure symptom, uterine contraction,
etc.) to allow the pregnancy to continue by intervening to remove amniotic fluid from the polyhydramniotic recipient
twin. Although reducing intrauterine pressure could potentially improve circulation, in reality this is not curative
treatment for TTTS, as the primary objective has prolonged pregnancy. As a result, the prognosis is determined by the

gestation age (weeks) at the time of delivery and the severity (stage).

While observing the fetuses, umbilical cord, placenta and amniotic fluid using ultrasound, a local anesthesia is
administered, an amniocentesis needle (<1 mm) is inserted into the uterus, and amniotic fluid is extracted until the
amniotic sac returns to normal. In the case of severe TTTS, treatment is almost never completed with one procedure,

and amniotic fluid is repeatedly extracted as it continues to accumulate. AR will be required once or twice a week.

The survival rate of the fetuses is 50-60%, with neurological sequelae reported in 20-25% of cases. As
anastomoses are present between the twins, when one dies neurological sequelae are reported in the survivor in
30-40% of cases. As AR does not constitute radical therapy for TTTS, the survival rate falls and sequelae increase as
the severity (stage) increases.

Fetoscopic Laser Surgery (FLP: fetoscopic laser photocoagulation of communicating vessels)

The curative treatment of TTTS is to make the circulatory systems of the twins completely independent of each
other by photocoagulating the placental anastomoses, which are the cause of TTTS. This procedure was first reported
by Dr. DeLia and his team in 1990 in the U.S. Later in 1995, teams led by Dr. DeLia in the U.S. and Dr. Ville in
France separately reported results of this therapy, but at that time no conclusions had been made with regard to
whether fetoscopic laser surgery was superior to amnioreduction. In 1999, Dr. Hecher of Germany compared
amnioreduction and laser therapies, and although no differences were found in survival rates, laser photocoagulation
was identified as a promising therapy with the ability to reduce neurological sequelae. Also in 1999, Dr. Quintero’s
team in Florida in the U.S. proposed a system for classifying TTTS by severity (stage), and in 2003, reported that laser
surgery led to better survival rates and neurological sequelae outcomes than amnioreduction in the case of severe
(stage III and IV) TTTS. In 2004, the Eurofetus study group, based on the results of a randomized study, concluded
that laser surgery was superior to amnioreduction therapy for all stages of TTTS with respect to survival rates and
neurological sequelae. As a result, laser surgery is now considered the first-line therapy for treating severe TTTS.

In Japan, the first patient was treated at Keio University Hospital in 1992, but this procedure was not repeated
in Japan for the next 10 years. From 2001 to 2002, Dr. Murakoshi of the Seirei Hamamatsu General Hospital,
Maternal and Perinatal Care Center was in Florida in the U.S. to study under Dr. Quintero, where he learned the
techniques of fetoscopic laser therapy before returning to Japan. After a period of preparation, since July 2002, when
the first actual fetoscopic laser treatment was performed at Seirei Hamamatsu General Hospital, this laser surgery has
been performed in over 160 patients (as of July 2011). Moreover, this therapy has begun to be performed by other
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physicians who have learned the technique, at the National Center for Child Health and Development (Tokyo) since
February 2003; Yamaguchi University Hospital since February 2004 (not available now); Niigata University Hospital
since May 2004 (not available now); Nagara Medical Center (Gifu) since December 2005; Miyagi Children Hospital
since 2009, Osaka Medical Center and Research Institute for Maternal and Child Health since 2010, and Tokuyama
Chuo Hospital since 2010. These institutions have joined together to form the Japan Fetoscopy Group, which is
currently is involved in joint research on techniques, and analyzes and reports on results.

Indications and summary for FLP

Even when TTTS is diagnosed, the procedure is not performed for all patients. The following conditions must be met for a

patient to be eligible for this procedure.

L Stage [ to I[IVTTTS

II.  Gestational age less than 26 weeks

III.  Membrane must be intact and not ruptured

IV.  No amniorrhexis or detachment of the amnion

V. There should be no clear signs of threatened abortion or threatened premature labor (in principle, cervical length
should be at least 20 mm).

VI.  No severe fetal malformations

VII. The mother is able to withstand surgery (no serious co-morbidities)

VIII. Mother has no infectious disease that can be transferred mother-to-child (contraindicated for HIV, negotiable in cases
involving HB or HCV).
IX. Patient understands that this therapy is investigational and consents to undergoing treatment.

Techniques of procedure (method)

After adequate anesthesia for mother and fetuses, a 4-mm skin incision is made in the abdominal wall of the
mother, and a wide (3.8 mm) syringe (trocar) is inserted into the amniotic sac of the recipient fetus. An endoscope
(fetoscope) is inserted through the trocar and all anastomoses on the surface of the placenta are located. The
anastomoses are then coagulated using a medical laser inserted through the endoscope. After all anastomoses have
been coagulated, amniotic fluid is extracted and the procedure is completed. Most procedures can be performed with a
single trocar, but in rare cases an additional trocar becomes necessary.

Normally, epidural anesthesia is performed to eliminate pain in the abdomen where the needle is inserted. As
the patient is conscious, she is able to view the procedure on a monitor. However, depending on the condition of the
mother, general anesthesia, spinal anesthesia, or local anesthesia may also be used. This procedure becomes difficult

to perform if the fetuses are moving. Consequently, the fetuses are also anesthetized if necessary.
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Conducting the procedure

4mm skin incision

stucking membrane against the donor blood vessels can be seen through the fetal foot

membrane

anastomotic vessels laser shot to the vessels coagulated vessels
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Complications and Adverse Effects

This procedure believes to be the primary therapy in Europe, North America and Japan, but is not so
established that it can be performed at any hospital. Although this procedure is performed in such a way as to ensure

patient safety at all times, on rare occasions the following complications or adverse effects can occur.

1. It may not be possible to perform the procedure if bleeding occurs in the amniotic sac, or when the position
of the placenta or fetus makes the procedure technically difficult. For example, if the amniotic fluid has
become murky with blood from an earlier amniocentesis, the procedure becomes difficult to perform
because good visibility cannot be assured.

—  Although every measure will be taken to continue the procedure (including recirculation of the amniotic fluid and changing fetal
position, etc.), the procedure may be discontinued if continuation of the procedure is determined to be dangerous to the health of
the mother or fetuses, or if the procedure is expected to have to be abandoned unfinished due to extreme difficulty in completion
(1-2%).

2. Fetal demise may occur if bleeding from vessels on the surface of the placenta takes place and cannot be
stopped.

— The procedure is performed with meticulous care so that bleeding does not occur. However, if such an occurrence, maximum
efforts will be made to stop the bleeding, but if significant bleeding into the amniotic sac occurs, visibility may become difficult to
maintain and the procedure may become impossible to perform (less than 1% of cases).

3. Fetal (neonatal) brain damage (maximum 5%) or other fetal complications can occur. These can exist
before performing the procedure, or may also manifest as a result of the underlying disease and be
unrelated to the procedure. These conditions are impossible to ascertain before procedure.

— Laser surgery can only improve TTTS and complications associated with single fetal demise. This procedure is not performed to
treat prematurity, problems at the time of delivery or diseases other than the underlying TTTS. Following the procedure the general
prognosis (results) will be no different from for normal MD twins.

4. Following the procedure, miscarriage/premature delivery, threatened abortion/premature delivery, and
rupture of membranes can occur. A tocolytic agent will be administered for prophylactic purposes.

— Very early in the pregnancy (gestational weeks 16 to 17), the amnion may not be fully adherent to the uterine wall, increasing the
risk of membrane rupture. Unlike normal membrane rupture, this type can heal over time without intervention.

5. On rare occasions, the uterus or the fetus can become injured, but because the procedure is performed under

ultrasonographic and endoscopic guidance, this occurs very rarely under normal circumstances.

6. On rare occasions, during the procedure bradycardia can occur in one of the fetuses. Even in irreversible
cases, the procedure will be completed because the goal is to prevent twin-to-twin transfusion, and not to
enable extrauterine fetal treatment.

— If the procedure is completed (all anastomoses have been coagulated and circulation in each twin is completely independent of the
other), there is no logical reason that the survivor should be affected. Although we would like to save both twins, even in a worst-
case scenario it is possible to prevent adverse effects on the survivor.

7. Bleeding from the uterine wall at the trocar insertion site can normally be stopped by applying pressure.
However, on rare occasions when hemostasis is difficult to attain, an incision in the skin may be made and
the area in the uterine wall where the bleeding is located may be sutured. Transfusion may also be
performed if bleeding is excessive.

— Laparotomy and transfusion are needed in less than 1% of cases.

8. In extremely rare cases when it is impossible to control bleeding, a hysterectomy may be required.

— This does not occur with any particular frequently with this procedure (laser surgery), and may also occur with any intrauterine
procedure including amnioreduction, etc., or with normal delivery (around 0.01%).
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9. In extremely rare events, during surgery or post-operatively, a condition known as pulmonary edema can
occur in which excessive amounts of fluid accumulates in the lungs.

— By adjusting the volume of intravenous infusion before surgery and carefully controlling anesthesia, severe pulmonary edema has
become extremely rare (less than 1%).

10. On very rare occasions, post-operative vein thrombosis or pulmonary thromboembolism can occur.

— This does not occur with any particular frequently with this procedure (laser surgery), and though rare, may also occur with any

kind of surgical procedure. Preventive measures taken include the use of elastic stockings and early postoperative ambulation (less
than 1%).

*Other complications may occur even if amnioreduction therapy is implemented or this procedure is not conducted. If
any of these unanticipated abnormalities should occur, the best medical treatment will be provided, depending on the

conditions present.

Expected therapeutics effects

If treatment is successful, pregnancy should be able to be continued and fetal prognosis should improve.
Specifically, from the maternal perspective, there is a 90% probability that at least one fetus will survive, and a 66%
probability that both will survive. From the perspective of the baby, the survival rate is 80%, with neurological
sequelae in a maximum of 5% of survivors. Untreated, the probability of fetal demise is virtually 100%. Moreover,
with amnioreduction therapy only, although prognosis will vary, results are poorer in all stage TTTS than with laser
surgery).

Most cases of fetal demise occur within 24 h of the procedure. Two weeks after the procedure, few confirmed
complications occur in either mother or child. Laser surgery eliminates the jointly shared placenta with the objective
of creating mutually independent circulation for each twin. As a result, depending on circumstances, the postoperative
placental area can become considerably reduced in size. The original area of the placenta, with current medical
practice, cannot be increased, and is impossible to predict preoperatively. As a result, if the area of the placenta is not
large enough to sustain life itself after the procedure, fetal demise will unfortunately occur. This is believed to be the
cause in about 80% of cases resulting in fetal death. In addition, even when laser surgery is able to eradicate the cause
of TTTS, the cardiac function, etc., of the fetus can become overstressed, which can become irreversible and
untreatable (resulting in fetal death), with apparently little correlation with TTTS severity. In the unfortunate event of
the demise of one fetus, because the circulation of the surviving fetus is now completely independent, the probability
of residual sequelae, etc., is now theoretically the same as with dizygotic twins. Moreover, continuation of the
pregnancy is not a problem.

If postoperative recovery occurs without complications, normally within 1 week of the procedure the bladder
of the donor will return to normal size, and the amniotic sac will also be close to normal. Most blood flow
abnormalities improve within 1 week. In the recipient twin, polyhydramnios will no longer progress after the
procedure is completed, and urinary output and amniotic fluid volume will gradually decrease. Normally after about 2

weeks, conditions will have normalized in most cases, including blood flow abnormalities.
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Other therapies

The following therapies are currently also available instead of laser surgery.
v Expectant management (wait and see approach)

« In this situation, the fetal condition is monitored under ultrasound, and tocolytic treatment is used to prevent
premature labor. In the case of severe TTTS, this therapy will result in preterm delivery virtually 100% of the
time, and prognosis for the infants is poor.

v Amnioreduction

« Amniotic fluid is aspirated from the recipient twin (polyhydramniotic twin) to prevent preterm delivery.
Depending on the case, this therapy will also increase the amniotic fluid of the donor (oligohydramniotic
twin). Normally this procedure must be repeated several or even dozens of times. With this therapy, the
probability of survival of at least one twin is 66%, with neurological sequelae observed in 15-25% of cases.

v Amniotic septostomy (Disruption of dividing membrane)

* During amnioreduction, the membrane between the two fetuses (amnion) is pierced to make a pathway
between the amniotic sacs of the twins. The therapeutic effect of this procedure has yet to be established, as
there are reports of results being superior to amnioreduction as well as other reports that results are no
different from amnioreduction. Entanglement of the umbilical cords of both twins resulting in fetal demise

has been reported as an adverse event of this procedure.
v Termination of pregnancy

« If the patient does not want to continue the pregnancy, and it is legally possible based on the gestational age,
one option is to artificially terminate the pregnancy. In principle, abortions are not performed at this hospital.

The selection of any of these treatment options will be completely voluntary. We believe that the best treatment for
severe TTTS is laser surgery.
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Outcomes of Fetoscopic Laser Surgery

Results achieved at Seirei Hamamatsu General Hospital Maternal and Perinatal Care Center

Laser surgery was performed on 118 patients between July 2002 and December 2008. Based on the results
from 92 patients who have delivered to date (maximum follow-up: 6 years), there has been a 78% survival rate, 3%
abortion rate, and 5% rate of neurological sequelae. The survival rate without sequelae is 73%. From a maternal
perspective, both fetuses survived in 64% of cases, with only one fetus surviving in 28% of cases. Demise of both
fetuses has occurred in 8% of cases (in 92% of cases, at least one fetus survived). Complications were as follows;
untreatable case due to placental and fetal position occurred in 1 patient; blood transfusion and hemostasis requiring
laparotomy was necessary in 2 patients; intraoperative pulmonary edema developed in 1 patient; and delivery or
miscarriage within 48 hours of the procedure occurred in 3 patients. However, no maternal residual sequelae occurred
in any of these cases. Mean gestational age at the time of treatment was 21 weeks, and mean gestational age at the
time of delivery was 32 weeks. A characteristic of our center is that we receive many referrals for patients with more
severe TTTS. As a result, 17% of the procedures we have performed have been stage IV, and 63% stage III.

Survival rate according to the Stgae (Seirei Hamamatsu Hospital, 2010)

SURVIVORS SURVIVAL RATE% NEUROLOGICAL NEUROLOGICAL
SEQUELAE SEQUELAE %
stage I (n=18) 19/36 81% 1/29 3.4%
stage 11 (n=28) 41/56 73% 4/41 9.8%
stage 11T (n=79) 128/158 81% 4/128 3.1%
stage IV (n=23) 37/46 80% 2/37 5.4%
total (n=148) 235/296 79% 11/235 4.7%

Comparison of results in Japan to results in other countries

Although laser surgery in Japan began about 10 years after the practice was started in Europe and North
America, results have in no way been inferior. Our Japan Fetoscopic Group (JFG) and our center have achieved

thoroughly satisfactory results for the treatment of TTTS.

Perinatal outcomes compared to Japan and other countries

HECHER QUINTERO SENAT HUBER JAPAN SEIREI

1999 (n=73) 2003 (n=95) 2004 (n=72) 2006 (n=200) 2006 (n=131) 2010 (n=148)
Germany USA France Germany Japan Our Center
2 survivors 42% 44% 36% 60% 65% 63%
1 survivor 37% 38% 40% 20% 27% 30%
>1 survivor 79% 83% 76% 84% 92% 93%
survival rate 61% 64% 56% 72% 78% 79%
miscarriage 9% 8% 17% 4% 4% 3%
Delivery 33 weeks 32 weeks 33 weeks 34 weeks 32 weeks 32 weeks
Sequelae 6% 4% 7% 6% 5% 4%
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Results by severity (stage) of disease (comparison of amnioreduction and laser surgery)
Amnioreduction is not a disease-modification therapy for TTTS. As a result, survival rates decrease and

sequelae increase with the severity of the condition. However, even in severe cases, laser surgery achieves better

results than amnioreduction with regard to survival rates and sequelae.

Comparison of fetal outcomes of amnioreduction and laser surgery (Quintero RA. 2003)

AMNIOREDUCTION (N=156)

LASER SURGERY (N=190)

Stage death survival sequelae* death survival sequelae*
. | 21 0 0 3 0
(95.5%) (0%) (76.2%) (0%)
I g 38 4 ’3 47 1
(82.6%) (8.7/10.5%) (67.1%) (1.4/2.1%)
. 20 2 15 . 29 2
(44.4%) (27.8%/62.5%) (51.8%) (3.6/6.9%)
7 4 14 1
v 27 (20.6%) (11.8/57.1%) 8 (63.6%) (4.5/7.1%)
90 23 122 4
total 66 (57.7%) (14.7/25.6%) 68 (64.2%) (2.1/3.3%)

* Cerebral palsy, mental retardation and periventricular leukomalasia (rate of total fetus % / rate of survival fetus %)

Survival rate after laser surgery accoring to Stgae (Huber A, 2006)

0 SURVIVOR 1 SURVIVOR 2 SURVIVORS 1>SURVIVOR
stage I (n=29) 6.9% (2/29) 17.2% (5/29) 75.9% (22/29) 93.1% (27/29)
stage IT (n=81) 17.3% (14/81) 22.2% (18/81) 60.5% (49/81) 82.7% (67/81)
stage I1I (n=80) 17.5% (14/30) 28.7% (23/80) 53.8% (43/80) 82.5% (68/80)
stage IV (n=10) 30% (3/10) 20% (2/10) 50% (5/10) 70% (7/10)
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When undergoing Fetoscopic Laser Surgery

Publication of treatment results

This treatment procedure is still in the experimental stage. Consequently, after protecting patient privacy
(anonymity), treatment result data, images taken during the procedure, and data on the prognosis of the children
(follow-up) will be published on our website and scientific literatures, and presented at foreign and domestic academic
meetings.

Costs

Currently, fetoscopic laser surgery is not covered by insurance in Japan. However, because our center is a
licensed provider of “advanced medical technology,” except for the cost of the laser surgery, all other costs will be
covered by insurance. As a result, patients will need about 400,000 yen for surgical fees, but the other hospitalization
expense will in principle be covered by insurance. The total cost will vary depending on the length of hospitalization,
so please ask the attending physician.

Initial consultation

After an appointment has been set up (the day and time of the appointment will be set by your personal
physician and an attending physician at our facility), you will bring a referral letter from your personal physician to
the Obstetrics Department, where you will be seen as an outpatient. Your husband must also be present at that time, as
explanations will need to be provided not just to you the patient, but also to the husband. Moreover, after conditions
have stabilized following the procedure (usually after about 2 weeks), you will be transferred back to the hospital from
which you were originally referred. Consequently, as a general rule, we only accept referrals from regional perinatal
centers.

Day of surgery

On the day of surgery, an anesthesiologist will explain the anesthesia. As details of the procedure will be
discussed after surgery, your husband must also be present at the hospital on the day of surgery.

Other

» This treatment has been approved by the Clinical Research Review Subcommittee and the Institutional
Review Board of Seirei Hamamatsu General Hospital. (June 26, 2002; July 15, 2002)

+ Undergoing this procedure shall be completely voluntary. Confidentiality regarding the procedure will be

strictly maintained.

+ Even if you do not undergo this procedure, we will devote our best efforts in implementing any other
treatment. Moreover, no penalties will be suffered regardless of the treatment option you choose.

« If you have any questions or concerns regarding the treatment do not hesitate to consult the attending

physician.
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Consent Form

The above information regarding twin-twin transfusion syndrome and fetoscopic laser surgery have been

explained to me.

Date: (Year / Month / Day)

Seirei Hamamatsu General Hospital Maternal and Perinatal Care Medical Center

Obstetrician: (signature)
Anesthesiologist: (signature)
Witness: (signature)

Having been informed of the above information, I hereby consent to undergo fetoscopic laser surgery.

Date: (Year / Month / Day)
Patient Name: (signature)
Relationship ( )

Name: (signature)

Maternal & Perinatal Care Center, SEIREI Hamamatsu Hosp Laser Surgery for TTTS




What You Should Know Regarding Twin Pregnancies

Diagnosis of zygosity and chorionicity

A frequent topic of discussion in twin pregnancies is whether twins are monozygotic (identical) or dizygotic

(fraternal). Most people’s knowledge of this extends only as far as an awareness that “monozygotic twins come from a

single egg and resemble each other closely” while “dizygotic twins have two placentas and do not resemble each

other.” This is true, of course, but we would like mothers and fathers of twins to understand a bit more.

One egg fertilized by a single sperm produces a single fertilized egg. The fertilized egg undergoes repeated

division to eventually produce a single baby in the uterus. This process is exactly

the same in both single and multiple pregnancies. Sometimes two fertilizations

occur simultaneously, resulting in dizygotic twins that develop and grow together

in the uterus. In other words, two siblings get along well together with each in the

uterus until they are born on the same day. Consequently, they may or may not

resemble each other (as ordinary siblings can also resemble each other as well). In

addition, they may or may not have the same blood type, because they are siblings.

oo e Frequently, these twins have separate placentas, but when located very close to

each the placentas can stick together (but since there are no shared blood vessels

[anastomoses], there is no need for concern).

Monozygotic twins are fertilized in essentially the same way. A fertilized egg

is produced from a single sperm in a single egg. Monozygotic twins occur when,

during the process of cell division, the cells cleave into two separate embryos (a t

single egg is never fertilized by two sperm, and the egg does not divide into two).

Monozygotic twins have the same basic genetic information, because when traced

back to their origin they come from a single fertilized egg. As a result, they closely

resemble each other (they are genetically identical). They also have the same blood

type, and because their blood type is exactly the same, if by some chance it is o ® v

needed, transplantation is possible to each other. Gender is also the same. However,

due to environmental differences, this identical nature does not extend to their

personalities. However, there does not only have to be just a single placenta. Depending on the time that splitting

occurs, one or two placentae can develop.

2 SRS 1 SRS
(Dizygotc) (Monozgote)
ARk D WD 4/1000
L ZWB3 LA EMg4~78 Zp%e~12A0 BN 3ANE
REE

DD MD MM

Conjoined

A singleton is always enclosed in two membranes (the
chorion and amnion). With dizygotic twins, dichorionic/
diamniotic twins (DD twins) will always result, because each
twin has two membranes. When twins are monozygotic,
different patterns occur depending on the time at which the
cells cleaved into two individuals. DD twins occur within 3
days of fertilization; monochorionic/diamniotic (MD twins)
between 4 and 7 days of fertilization; and monochorionic/
monoamniotic (MM twins) between 8 and 12 days of
fertilization. In other words, MD and MM twins will always
be monozygotic, while DD twins may be monozygotic or
dizygotic.

Maternal & Perinatal Care Center, SEIREI Hamamatsu Hosp Laser Surgery for TTTS
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Twin pregnancy risks are not only determined by zygosity (whether monozygotic or dizygotic), but are also

determined by the nature of the membranes (DD, MD, or MM). As a result, it is important to diagnose chorionicity

and amnionicity during the first trimester (around week 10 of gestation is ideal).

Dichorionic-diamniotic (DD) twin

Monochorionic-diamniotic (MD) twin Monochorionic-monoamniotic (MM) twin

General risks in twin pregnancies (particularly the risk of premature labor)

In twin pregnancies, because two babies are developing in a uterus that was originally meant for one, the risk

of preterm labor (delivery of premature infant) is considerable. Delivery often occurs around 37 weeks of gestation,

and few deliveries occur near the due

200 -

150

date (40 weeks). Preterm labor at 36
weeks or less actually occurs in 45-50%

of cases (almost half). Premature birth

22

at less than 32 weeks, at which time a

respirator is needed, occurs in about
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In a normal pregnancy, the mother will
give birth to a baby weighing around 3 kg. If the
total weight of the twins exceeds 3 kg, the uterus
will fill up and labor pain may occur at any time. In
reality, because the placenta and amniotic fluid is
divided between the twins, uterine size will be at full
term when each of the twins grows to 1.2-1.5 kg.
Between weeks 28 and 32, the uterus of a pregnant
mother with twins will be about the same size as at
full term. However, this is still too early for birth.
Please be careful.

If 30 weeks have passed, even without preterm

labor or rupture of the membrane, the risks of

pregnancy induced hypertension (preeclampsia) and fetal growth retardation (development of the baby is restricted)

increase. From the initial stage of pregnancy, particularly during months 5 to 6 of gestation which everyone thinks of

as a period of stability (at this point in time, your uterus has already increased to about the size seen in a singleton

pregnancy at 8 to 9 months gestation), be aware that you and your baby must take it very easy.

Maternal & Perinatal Care Center, SEIREI Hamamatsu Hosp
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Risks with monochorionic twins

With dichorionic twins, regardless of whether they are monozygotic or dizygotic, the course of pregnancy will
be monitored with a focus on preventing premature labor. However, if twins are monochorionic, more caution is
necessary due to particular risks that occur only in monochorionic twins (although there is no need to panic,

conditions must be monitored very carefully).

TTTS can occur in approximately 10-15% of monochorionic twins. If monochorionic diamniotic twins are
diagnosed, medical check-ups will be performed every 2 weeks at least, and fetal and bladder size, amniotic fluid
volume, and cardiac function (fetal blood flow, etc.,) will be carefully monitored. If only slight variations are
observed, the frequency of examinations will be increased and conditions will be cautiously followed. Differences in
development of twins sometimes occur even not having TTTS (no observed polyhydramnios/oligohydramnios).
Provided amniotic fluid volumes are in the normal range, there are no blood flow anomalies, and even if
developmental differences are present, each baby shows reasonable development, no major problems should occur
(even siblings do not have exactly the same birth weights after all). However, if one of the babies is very small, and a
discrepancy in body weight of 25% or more is observed, a more prudent course of action becomes necessary. If TTTS
does occur and developmental differences become marked, depending on the circumstances, hospitalization may

become necessary.

Risk of one fetal demise in the case of monochorionic twins

If for some reason one monochorionic twin dies (passes Sy M (AABE)
away in the womb), blood can abruptly flow from the living twin to
the dead twin through the interconnected blood vessels ©
(anastomoses). This does not happen in all cases. Circumstances
will vary depending on the type of anastomoses. Under these
circumstances, the surviving fetus will rapidly become anemic ‘ o
(ischemic), blood pressure will drop, and brain damage can occur.

EFRE DERADMAEE

Risk of neurological sequelae in twins

Neurological sequelae have the potential to occur in any pregnancy, not just twin pregnancies, as these can
result from birth of a premature baby, hypoxia during delivery, or as a result of the underlying diseases of the infant.
Naturally, prematurity (especially infants born at a very early number of weeks) or hypoxia during delivery will in and
of themselves increase the risk of neurological sequelae. Merely the presence of twins itself does not greatly alter the
risk. However, compared to singleton pregnancies, because the probability of premature delivery and extreme
immaturity (low birth weight) is higher with twins, the overall incidence of neurological sequelae also increases. It is
believed that given the same circumstances (same number of weeks gestation, and body weight, etc.), the risks in twin
pregnancies are virtually the same as in singleton pregnancies. As a result, risks can be lowered by preventing preterm
labor in twin pregnancies (or even in the case of preterm labor, attempts can be made to maximize the number of
weeks of gestation so that the baby is born in good condition). In addition, in monochorionic pregnancies, the risk can
be lowered by preventing TTTS and single fetal demise, and to implement the appropriate maintenance therapy even
if these do occur.

Perinatal outcomes accoring to the gestational weeks (reference data)
22W

SURVIVAL RATE (%)

WITHOUT SEQUELAE (%)
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