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Objective: The purpose of this article is to review the definition of twin-to-twin transfusion syndrome (TTTS)
and the sonographic diagnostic assessment of these cases prior to therapy.
Materials and Methods: The article addresses the terminology used to refer to the condition and describes
the systematic ultrasound assessment of the condition, including the ultrasound diagnosis, the staging of
the disease, cervical assessment and pre-operative mapping.
Results: From an etymologic and medical point of view, the term ‘fetofetal transfusion’ is more appropriate
than ‘TTTS’. However, as the latter, and its attendant acronym TTTS, have been widely adopted in the
English language, it is impractical to change at this point. TTTS is defined sonographically in the combined
presence of a maximum vertical pocket (MVP) of 8 cm or greater in one sac and 2 cm or less in the other sac,
regardless of the gestational age at diagnosis. Staging of the condition using the Quintero staging system
is practical, reproducible, and accepted. Transvaginal cervical length assessment should be an integral part
of the ultrasound evaluation. Pre-operative mapping to anticipate the location of the placental vascular
anastomoses and avoid injuring the dividing membrane is also discussed.
Conclusions: The term ‘TTTS’ can continue to be used in the English medical literature. The condition
can be diagnosed and assessed following a systematic ultrasound methodology. The use of such ultra-
sound methodology breaks the examination into a distinct set of components, assuring a comprehensive
examination and proper communication among caregivers.
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TTTS occurs in approximately 5–10% of monochorionic
twins (Lutfi et al., 2004). Monochorionic twins themselves
occur in approximately 0.7% of all pregnancies (Wenstrom
& Gall, 1988). Therefore, TTTS occurs in approximately
0.07% of all pregnancies. This amounts to approximately
2,800 pregnancies in the US per year affected with TTTS
(Mathews & MacDorman, 2011). The disease is thought to
occur secondary to an imbalance in the transfer of blood be-
tween two monochorionic twins through placental vascular
anastomoses (Quintero et al., 2000). Although proof of this
etiology has proven somewhat elusive, a wealth of indirect
evidence does suggest this to be the fundamental mech-
anism for the development of this condition (Ishii et al.,
2004; van Gemert et al., 1997; Wieacker et al., 1992). The
unbalanced exchange of blood between two monochori-
onic fetuses results in a set of hemodynamic alterations
that ultimately place the pregnancy at risk of being lost
(Mahieu-Caputo et al., 2000; Mahieu-Caputo et al., 2005).

The recipient twin develops polyuria and polyhydramnios
and is presumed to be hypertensive. The donor twin de-
velops anuria and oligohydramnios and is presumed to be
hypotensive. Loss of the pregnancy may result either from
preterm delivery or miscarriage, or demise of one or both
fetuses. Untreated, TTTS results in pregnancy loss rate is of
approximately 95% (Kontopoulos & Quintero, 2007).

Significant achievements have been made in both the
understanding of the pathophysiology as well as in the eval-
uation and treatment of patients with TTTS. Among those
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included in the achievements are standardization of the di-
agnostic criteria, the development of a staging system to
assess the severity of the disease, the development of an ef-
fective laser surgical technique to ablate the vascular anas-
tomoses, the scientific demonstration of the superiority of
laser therapy over serial amniocentesis (Senat et al., 2004),
and continuous improvements in the actual performance
of the laser surgery. The purpose of this article is to review
the definition of TTTS and the sonographic diagnostic as-
sessment of these cases prior to therapy.

Terminology
TTTS is a disease that is derived from the unbalanced shar-
ing of blood between fetuses via placental anastomosing
vessels. Technically, the disease occurs between two or more
fetuses. As such, the proper term to refer to the condition
should be ‘fetofetal transfusion’. In fact, this is the medical
subject heading (MeSH) used by the National Library of
Medicine to index any article related to the subject. How-
ever, because the most common form is between two mono-
chorionic twins, the terms ‘twin–twin’, ‘twin twin’ or ‘twin-
to-twin’ transfusion syndrome have been widely adopted
in the English language, with the acronym TTTS used to
summarize all prior grammatical variations. Several other
terms have been used in the literature to refer to the en-
tity (e.g., poly/oli syndrome, FTS, Twin-oligohydramnios-
polyhydramnios syndrome (TOPS), a fact that, unfortu-
nately, can have a number of detrimental effects, including
suboptimal yields in the literature searches, delay in the
sharing of knowledge and data, as well as other negative re-
search and clinical consequences. Although the term ‘fetofe-
tal transfusion syndrome’ is perhaps technically more ap-
propriate, the terms ‘twin–twin transfusion’, twin-to-twin
transfusion’ or ‘TTTS’ have been widely adopted and used.
For the purposes of this article, we will use twin-to-twin
transfusion, or TTTS.

Sonographic Definition of TTTS
If we can agree on how to name this condition, the next
important step is to define the condition medically. TTTS
is an entity defined clinically by ultrasound (Quintero
et al., 1999). In and of itself, this represents a remarkable
milestone in the diagnosis of the disease. Prior to estab-
lishing ultrasound as the sole method to diagnose TTTS,
other criteria had been proposed, such as differences in the
hemoglobin concentration of the fetuses (Blickstein, 1990;
Saunders et al., 1991) or neonates (Abraham, 1967; Rausen
et al., 1965) or in the birthweight discordance >20% (Tan
et al., 1979) of the twins, or surgical pathology analyses
of the placental vascular anastomoses (Benirschke, 1995).
Based on the classic and conclusive article of Danskin and
Neilson (1989), in which only 4/178 twin pregnancies had
a Hb difference >5 g/dL and a birthweight discordance
>20%, but none of which had evidence of TTTS, the neona-

tal criteria to diagnose TTTS were abandoned (Berry et al.,
1995; Danskin & Neilson, 1989; Fisk et al., 1990; Saunders
et al., 1991). Meanwhile, although ultrasound criteria were
being proposed to diagnose TTTS with isolated case reports
(Elejalde et al., 1983; Wittman et al., 1981), including con-
flicting reports on the results of Doppler examination of
the umbilical artery (Erskine, 1944; Farmakides et al., 1985;
Giles et al., 1990), it became necessary to define sonographic
elements critical to the diagnosis versus heterogeneous pre-
sentations of the condition (Blickstein, 1990; Mari et al.,
2001). For example, while significant weight discordance
>20% may exist in up to 70% of fetuses (Quintero, 2007),
it is no longer used as diagnostic criterion (Chmait, Kon-
topoulos et al., 2011; Chmait et al., 2008). Similarly, ab-
normal Doppler findings in the donor or in the recipient
twin are not present in all cases of TTTS, and as such, are
not suitable for inclusion as a diagnostic criterion (Rizzo
et al., 1993). Therefore, standardization of the ultrasound
criteria to define TTTS required selecting unique universal
ultrasound parameters (i.e., present in all cases), followed
by additional sonographic parameters to describe the het-
erogeneous nature of the disease.

The current sonographic definition of twin–twin trans-
fusion syndrome by ultrasound requires, ideally, the
demonstration of: (1) a single placenta, (2) same external
genitalia in both twins, and (3) significant amniotic fluid
volume discordance between the two fetuses, with a deep
vertical pocket of 8 cm or more in the sac of the recipient
twin and 2 cm or less in the sac of the donor twin.

Single Placenta

The diagnosis of monochorionicity requires the sono-
graphic demonstration of a single placenta, and in the case
of diamniotic twins, a thin dividing membrane and the ab-
sence of a ‘twin peak’ sign (Monteagudo & Timor-Tritsch,
2000; Monteagudo et al., 1994; Saunders et al., 1991; Sepul-
veda et al., 1996; Sepulveda et al., 1997). The diagnosis of
chorionicity using the absence of a twin-peak sign is made
best in the first trimester because the sensitivity and speci-
ficity decrease with advanced gestational age (Sepulveda
et al., 1996; Sepulveda et al., 1997). The presence of oligo-
hydramnios in one of the sacs may hinder significantly the
diagnosis of chorionicity. Indeed, the demonstration of a
twin peak sign (lambda sign) or a T sign requires the pres-
ence of fluid on both sides of the membrane. Patients with
oligohydramnios or anhydramnios in one sac, by definition,
may not have enough fluid on both sides of the membrane
to accurately assess this sign. As a corollary, the diagnosis
of chorionicity should be made with caution or not at all
if the twin peak sign or its absence cannot be definitively
established (Bajoria & Kingdom, 1997; Finberg, 1992; Rode
& Jackson, 1999; Wood et al., 1996).

Although TTTS usually occurs in patients with a mono-
chorionic placenta, the physician should be aware of impor-
tant exceptions. These exceptions include bilobed placentas
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and dichorionic monozygotic twins (Benirschke & Masliah,
2001; Chmait, Floyd et al., 2011; Machin, 2001). In cases of
bilobed placentas, vascular anastomoses between the two
discs allow the development of the syndrome (Lopriore
et al., 2006). Dichorionic monozygotic twins may also de-
velop placental vascular anastomoses (Foschini et al., 2003).
In these cases, TTTS may develop, just as in any other mono-
chorionic diamniotic twin pair (Chen et al., 2013; Lage
et al., 1989; Lopriore et al., 2006; Quintero et al., 2010).
The ultimate exception is monochorionic–dizygotic twin
pregnancies, in which a single placenta and a thin dividing
membrane exist, but in which the fetuses may be of differ-
ent sex. Such pregnancies presumably result from fusion of
the morula of two dizygotic fetuses during the implantation
process (Ekelund et al., 2008). These pregnancies may also
develop vascular anastomoses and TTTS (Quintero et al.,
2003). Lastly, though exceedingly rare, placental vascular
anastomoses may also occur in dichorionic–dizygotic twins
(Biran et al., 2011). Such anastomoses were only thought
to occur in certain species, including cattle and marmoset
(Benirschke, 1995), but have also been reported in human
pregnancies (Biran et al., 2011). These patients may also
develop TTTS. Therefore, while the demonstration of a
single placenta and an absent ‘twin-peak sign’ is charac-
teristic of most TTTS cases, rare exceptions do occur. In-
terestingly, these variations serve to confirm that placental
vascular anastomoses are a sine qua non for the condition to
develop.

Similar External Genitalia

The sonographic demonstration of similar external geni-
talia may be difficult in the presence of oligohydramnios in
one of the sacs. As mentioned above, in rare cases, fetuses
may also be dizygotic and still present with TTTS (Quintero
et al., 2003). Therefore, although ideally the demonstration
of similar external genitalia in the fetuses would aid in estab-
lishing the diagnosis, this is often not possible and therefore
not a requirement for the diagnosis of TTTS.

Amniotic Fluid Discordance

The decision to use a MVP of 8 cm or greater in one sac and
2 cm or less in the other sac is based on the fact that these
measurements are well above and below the 95th and the
5th percentile for a normal pregnancy, respectively. (Mag-
ann & Martin, 1999; Magann, Chauhan et al., 1995; Mag-
ann, Whitworth et al., 1995; Magann et al., 1997; Magann,
Chauhan, Barrilleaux et al., 2000; Magann, Chauhan, Whit-
worth, et al., 2000; Magann et al., 2003; Magann et al., 2004)
While some groups have suggested that the MVP of 8 cm
should be changed to 10 cm above 20 weeks (Chalouhi et al.,
2011), our group has shown that this recommendation re-
sults in an underestimation of the incidence of bona fide
TTTS of 27% (Quintero, 2003; Quintero et al., 1999). The
ultrasound assessment of the MVP in the sac of the recipi-
ent twin requires that the measurement be taken in an area

free of fetal body or umbilical cord. Furthermore, the mea-
surement technically should be obtained perpendicularly to
the skin while the patient is lying in a dorsal position. The
assessment of the MVP in the sac of the donor twin may be
limited due to severe oligohydramnios, as mentioned above.
Although most donor twins are tightly apposed to the walls
of the uterus (stuck), the donor twin can move freely within
the amniotic cavity in approximately 15% of cases despite a
complete lack of amniotic fluid. This phenomenon results
from folding of the dividing membrane around the body
of the fetus and back to the wall of the uterus. On ultra-
sound, this folding of the membrane appears as a sling with
which the fetus is attached to the uterus. If unrecognized,
the MVP in the sac of this fetus could be mistakenly assessed
as within the sac of the recipient twin. We have called this
sonographic sign the ‘cocoon sign’ (Quintero & Chmait,
2004), which represents a potential pitfall in the assessment
of the amniotic fluid volume in the sac of the donor twin.

The presence of oligohydramnios in the sac of the donor
twin can impair the adequate visualization of the anatomy,
fetal gender, and occasionally, the Doppler interrogation of
the fetal vessels. The presence of polyhydramnios in the sac
of the recipient twin, on the other hand, contributes to very
mobile fetus, making anatomical evaluation and Doppler
interrogation of its vessels particularly cumbersome. Never-
theless, if the sonographic evaluation of the fetuses is done
in a systematic fashion, and in several distinct steps, the
diagnosis, mapping, staging, and pre-operative assessment
are possible.

Staging of TTTS
The heterogeneous ultrasound presentation of TTTS has
been recognized by numerous investigators (Bromley et al.,
1992; Ishimatsu et al., 1992; Lachapelle et al., 1997; Lees
et al., 1998; Mari et al., 1998; Ohno et al., 1994; Pretorius
et al., 1993; Reisner et al., 1993; Weiner & Ludomirski, 1994;
Yamada et al., 1991). This included the presence or absence
of hydrops, the presence or absence of abnormal arterial or
venous Doppler studies, and varying levels of amniotic fluid
volume discordance. An important step in the understand-
ing of the ultrasound presentation of TTTS resulted from
the realization that the disease could present with various
degrees of severity, as opposed to with different risk factors.
This led to the original development of the Quintero Stag-
ing System (Quintero et al., 1999). The Quintero Staging
System was based on the empirical observation of the differ-
ent sonographic presentations of the disease in the absence
of modifications introduced by treatment. Thus, the Quin-
tero Staging System was based on an unbiased sonographic
description of the presentation and natural history of the
disease.

For the purposes of the staging system, categorical (i.e.,
yes/no) variables were identified and preferably used. This
avoided the use of nomograms that could hinder the
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practical nature of the staging system. The staging sys-
tem was also based on the natural assumption that the
different sonographic presentations would represent differ-
ent degrees of severity. Thus, demise was an obvious worse
presentation than hydrops, which was a worse presentation
than abnormal Dopplers, which was a worse presentation
than lack of visualization of the bladder of the donor, which
was worse than visualization of the bladder of the donor. For
this, the staging system uses Roman numerals (I–V), to give
an ordinal character to the classification. Stage I was defined
as visualization of the bladder of the donor twin. Stage II
was lack of visualization of the bladder of the donor twin in
at least 60 minutes of continuous ultrasound examination.
Stage III was defined as the presence of critically abnormal
Dopplers, including absent or reverse end-diastolic velocity
in the umbilical artery, absent or reverse flow in the duc-
tus venosus, or pulsatile umbilical venous flow. Stage IV
was defined as hydrops. Stage V was defined as demise of
one or both fetuses. Stage III and Stage IV patients could
present with a visible bladder or a non-visible bladder of
the donor. In the classic presentation, the bladder of the
donor twin would not be visible. In the ‘atypical’ presenta-
tion of Stage III or Stage IV, the bladder of the donor twin
is visible (Quintero et al., 1999). In order for a patient to
be classified as having Quintero Stage III TTTS, the criti-
cally abnormal Doppler findings need to be persistent. This
is important, because donor twins may show intermittent
absent/reverse diastolic flow, which can be more reflective
of the presence of an arterio–arterial anastomosis rather
than from true severe presentation. Similarly, intermittent
absent or reverse flow in the ductus venosus during the
atrial contraction does not qualify as Stage III. Pulsatile
umbilical venous flow (single or double) is the only sub-
jective ultrasound parameter in the Quintero Staging Sys-
tem. To avoid subjectivity, pulsatile umbilical venous flow
can be defined as an umbilical vein resistance index >0.15
UVRI = 100 ∗ (Vmax − Vmin)/Vmax), where Vmax and
Vmin represent the maximum and minimum deflection of
the traced umbilical vein Doppler waveform (Russell et al.,
2008).

The fundamental merit of the Quintero Staging System
was to recognize the heterogeneous presentation of the con-
dition and consider the pregnancy as a whole entity, rather
than use individual risk factors for each twin. In addition,
the system was proposed as a result of empirical obser-
vation of the natural history of the various presentations,
rather than as a result of treatment. Although some authors
have suggested modifying the Quintero Staging System to
include the presence or absence of superficial anastomoses
(Taylor et al., 2002) or different echocardiographic findings
(Michelfelder et al., 2007; Rychik et al., 2007; Stirnemann
et al., 2010), such recommendations are based mostly on an
attempt to explain adverse surgical outcomes, rather than
describe natural history. From its inception, the system did
not pretend to indicate that cases could progress from one

stage to the other in an orderly fashion as, by definition,
the initial presentation can be Stage III in 50% of the cases.
However, progression and regression have both been doc-
umented by different investigators, suggesting that in fact,
cases may deteriorate or improve spontaneously or after
therapy. There is no evidence to suggest that the Quin-
tero Staging System would need to be modified or alto-
gether changed, or substituted by any other staging system
(Stamilio et al., 2010). That is not to say that echocardio-
graphic information may not be useful in the assessment of
TTTS patients. Indeed, the Quintero Staging System per-
tains to the preoperative evaluation, whereas fetal echocar-
diography may allow pre-operative and post-operative as-
sessment of the fetuses. Therefore, the Quintero Staging
System continues to be practical, reproducible, and used
universally in the preoperative assessment and management
of TTTS patients.

Cervical Assessment by Ultrasound
In general, a short cervical length, as assessed by ultrasound,
has been associated with an increased risk of pregnancy loss
and premature delivery (Cook & Ellwood, 2000; Owen,
2003; Rozenberg et al., 2002; Shennan & Jones, 2004; Slager
& Lynne, 2012). A short cervix has also been identified as
a risk factor for preterm labor and miscarriage in twins
(Conde-Agudelo et al., 2010) and in patients with TTTS
(Taylor et al., 2000). Therefore, ultrasound assessment of
the cervical length is a fundamental step in the evalua-
tion of patients with TTTS. In our lab, assessment of the
cervical length is in fact the first step in the evaluation of
patients with TTTS. Assessment of the cervical length is
best performed using a transvaginal ultrasound, particu-
larly since transabdominal assessment of the cervical length
may miss a significant proportion of patients with a short
cervix (Hernandez-Andrade et al., 2012). Prior to perform-
ing the transvaginal ultrasound assessment, the sonogra-
pher or physician must first inquire as to whether the patient
has complained of leakage of fluid, which could represent
premature rupture of membranes. When in doubt, the exam
is performed via a transperineal approach (Jeanty et al.,
1986). Approximately 6–7% of patients with TTTS will have
a short cervix on presentation (Quintero, 2007). Although
a cervical cerclage has not been conclusively shown to ben-
efit patients with a short cervix in singleton pregnancies
and may even be considered detrimental in twin gestations
(Berghella et al., 2005; Hassan et al., 2001), our group and
others have shown that the outcome of patients with a short
cervix treated with a cervical cerclage is similar to that of pa-
tients with a cervix of normal length (Chavira et al., 2009).
Thus, patients that present with a cervical length of 2.5 cm
or less at our lab are offered a cervical cerclage. The timing
of the placement of the cerclage may vary. The cerclage may
be performed at the time of the laser surgery, or the day after
the surgery (Chmait et al., 2013). Occasionally, ultrasound
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may show a separation of the amniotic membrane from
the periphery of the uterus at the level of the lower uterine
segment. This sonographic finding has been dubbed ‘moon
sign’ (Devlieger et al., 2003). It is unclear why such a sign
would develop in patients with polyhydramnios. Presum-
ably, the increase in size of the uterine walls may outdo the
stretching capability of the amniotic membrane. The pres-
ence of a moon sign may or may not represent an increase
risk for gross rupture the membranes or miscarriage after
laser therapy (Chmait et al., 2013; Devlieger et al., 2003;
Patel et al., 2014).

Ultrasound Mapping
The previous three steps in the ultrasound assessment of
patients with TTTS can be performed at centers that do not
necessarily offer surgical treatment. If the patient is to be
assessed at a surgical center, the next step in the evaluation
consists of pre-operative mapping. The goal of preoperative
ultrasound mapping is to evaluate the exact location of the
placenta and predict the location of the anastomoses, as
well as the location of the dividing membrane. Prediction
of the location of the anastomoses is important to properly
and fully photocoagulate them. Missing the anastomosing
vessels during surgery or having to use extreme maneuvers
to coagulate them can create delay in the operating time
and increase the likelihood of complications. Prediction of
the location of the dividing membrane is important to also
avoid injuring it upon entering the amniotic cavity. Injuring
the dividing membrane results in a pseudo-monoamniotic
twin pregnancy, with its attendant complications.

Ultrasound mapping begins by first noting the location
of the placental borders. For example, it is important to
know to which degree the placenta extends towards the
lower uterine segment or towards the uterine fundus. Sim-
ilarly, it is important to determine how much it extends to
each of the lateral walls, in anticipation of where the tro-
car would be inserted through the abdominal wall. Second,
the location of the insertion of the umbilical cords is also
noted using color Doppler (Di Salvo et al., 1998). Natu-
rally, the anastomoses are expected to be in an area of the
placenta that lies between the two umbilical cords inser-
tions. Although a critical short distance between the two
umbilical cords (Hack et al., 2008) may seem like an obvi-
ous impediment for the performance of the laser therapy
(Bajoria, 1998), an actual value for this measurement has
not been established. Therefore, an arbitrary, short inter-
cord distance should not be used as a disqualifying criterion
for laser therapy. In general, the further apart in distance
the umbilical cords are, the less likely it is that there will
be either numerous or significantly large placental vascu-
lar anastomoses. The actual location of the umbilical cords
may also herald the degree of difficulty that may be en-
countered during surgery. For example, if a velamentous
insertion is identified, the operator must be careful not to

use this area for the insertion of the trocar, as it may result
in unintentional injury to velamentous vessels, with subse-
quent possible exsanguination and demise of one or both
fetuses. Ultrasound documentation of the location of the
umbilical cords is best done by using the icons provided by
the ultrasound software. For these, the icon is placed on the
monitor screen and the direction of the transducer and the
location of the transducer relative to the umbilical cord is
noted. This step is repeated for the other twin. Third, the po-
sition (i.e., longitudinal, transverse, oblique) of the donor
twin and the prediction of the location of the vascular anas-
tomoses as well as of the location of the dividing membrane
may also aid. Since most donor twins are ‘stuck’ to the walls
of the uterus, the dividing membrane follows the location
of the donor twin in most cases. For example, if the donor
twin is lying longitudinally, one can anticipate that the vas-
cular anastomoses will run from left to right. Conversely,
if the donor twin is lying transversely, one can anticipate
that the vascular anastomoses will run in a superior to in-
ferior direction. The location of the donor twin relative to
the placental mass is also important to note. Indeed, the
donor twin is ideally outside of the placental mass so that
the anastomoses are not obscured by its presence. Alterna-
tively, if the donor twin is lying over the placental mass, this
may hinder significantly the identification of the vascular
anastomoses, particularly if the degree of anhydramnios is
such that displacement of the donor twin during surgery
is minimal or impossible. Lastly, the position of the donor
twin relative to the placenta-free area in patients with an an-
terior placenta is also important to note. In most cases, the
placenta-free area is on the side of the recipient twin. How-
ever, if the donor twin is lying beneath the placenta-free area
of the uterus, this may increase the likelihood of uninten-
tional disruption of the dividing membrane during trocar
entry. In our experience, unintentional septostomy during
trocar entry occurs in approximately 15% of patients in pa-
tients with an anterior placenta and the donor covering the
placenta-free area. At the end of the ultrasound mapping, it
is recommended to depict these findings graphically on the
patient’s abdomen by the use of a marker. The location of
the umbilical cords is noted with a circle containing the let-
ters ‘D’ and ‘R’. The position of the donor twin is also drawn
on the patient’s abdomen. Lastly, the anticipated entry site
for the surgery is marked with an X.

Conclusion
There is a need to standardize the definition and terminol-
ogy used in TTTS. Although the term ‘fetofetal transfusion’
is a MeSH term and it is also medically and grammat-
ically correct, ‘twin–twin transfusion syndrome’, ‘twin-to-
twin transfusion syndrome’ and ‘TTTS’ are also widely used
in textbooks and medical articles.

TTTS is an ultrasound diagnosis. In diamniotic fetuses,
the use of a MVP of 8 cm or more should be adopted,
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regardless of gestational age. This avoids an underestima-
tion of 20–25% of cases of TTTS after 20 weeks, which
may have a deep vertical pocket between 8–10 cm. Oligo-
hydramnios should be determined as a MVP of 2 cm and
below.

The staging of TTTS is a necessary step to determine the
severity of the syndrome and to have a means of accurate
communication among caregivers. The Quintero Staging
System has proven to be reproducible and reliable. The
use of categorical yes/no outcomes for each variable in the
staging system, rather than the use of continuous variables
suggested in other systems, add to the reproducibility and
the objectivity of the definition of each stage.

Cervical assessment and preoperative mapping consti-
tute additional aspects of the sonographic evaluation of
each case and should be instituted as part of the overall
assessment of these patients at specialized centers.

The use of the ultrasound methodology proposed in
this article to diagnose and evaluate patients with TTTS
allows for a systematic and organized way of conducting
the ultrasound examination. The ultrasound examination
of patients with TTTS can seem overwhelming or daunting
at first. However, the examination can be broken down into
distinct steps to ensure that the assessment is both accu-
rate and comprehensive. Standardization of the terminol-
ogy and the sonographic diagnostic and assessment criteria
have helped the communication between investigators, al-
though work in this area remains to be done.

References
Abraham, J. M. (1967). Intrauterine feto-fetal transfusion syn-

drome: Clinical observations and speculations on patho-
genesis. Clinical Pediatrics, 6 , 405–410.

Bajoria, R. (1998). Abundant vascular anastomoses in
monoamniotic versus diamniotic monochorionic placen-
tas. American Journal of Obstetrics and Gynecology, 179,
788–793.

Bajoria, R., & Kingdom, J. (1997). The case for routine determi-
nation of chorionicity and zygosity in multiple pregnancy.
Prenatal Diagnosis, 17 , 1207–1225.

Benirschke, K. (1995). The biology of the twinning process:
How placentation influences outcome. Seminars in Perina-
tology, 19, 342–350.

Benirschke, K., & Masliah, E. (2001). The placenta in multiple
pregnancy: Outstanding issues. Reproduction, Fertility and
Development, 13, 615–622.

Berghella, V., Odibo, A. O., To, M. S., Rust, O. A., & Althuisius,
S. M. (2005). Cerclage for short cervix on ultrasonography:
Meta-analysis of trials using individual patient-level data.
Obstetrics & Gynecology, 106, 181–189.

Berry, S. M., Puder, K. S., Bottoms, S. F., Uckele, J. E., Romero,
R., & Cotton, D. B. (1995). Comparison of intrauterine
hematologic and biochemical values between twin pairs
with and without stuck twin syndrome. American Journal
of Obstetrics and Gynecology, 172, 1403–1410.

Biran, V., Bornes, M., Aboura, A., Masmoudi, S., Drunat, S.,
Baumann, C., . . . Baud, O. (2011). A long-term competent
chimeric immune system in a dizygotic dichorionic twin.
Pediatrics, 128, e458–e463.

Blickstein, I. (1990). The twin-twin transfusion syndrome. Ob-
stetrics & Gynecology, 76 , 714–722.

Bromley, B., Frigoletto, F. D., Jr, Estroff, J. A., & Benacerraf,
B. R. (1992). The natural history of oligohydram-
nios/polyhydramnios sequence in monochorionic diamni-
otic twins. Ultrasound in Obstetrics and Gynecology, 2, 317–
320.

Chalouhi, G. E., Essaoui, M., Stirnemann, J., Quibel, T.,
Deloison, B., Salomon, L., & Ville, Y. (2011). Laser therapy
for twin-to-twin transfusion syndrome (TTTS). Prenatal
Diagnosis, 31, 637–646.

Chavira, E. R., Khan, A., Korst, L. M., Miller, D., Goodwin,
T. M., & Chmait, R. H. (2009). Are patients with twin-twin
transfusion syndrome and a very short cervix candidates
for laser surgery? Journal of Ultrasound in Medicine, 28,
633–639.

Chen, K., Chmait, R. H., Vanderbilt, D., Wu, S., & Randolph, L.
(2013). Chimerism in monochorionic dizygotic twins: Case
study and review. American Journal of Medical Genetics Part
A, 161, 1817–1824.

Chmait, R. H., Floyd, R., & Benirschke, K. (2011). Duplicity:
Sonography suggested a twin gestation was dichorionic-and
monochorionic. American Journal of Obstetrics and Gyne-
cology, 205, 87 e81–e82.

Chmait, R. H., Kontopoulos, E. V., Korst, L. M., Llanes, A.,
Petisco, I., & Quintero, R. A. (2011). Stage-based outcomes
of 682 consecutive cases of twin-twin transfusion syndrome
treated with laser surgery: The USFetus experience. Amer-
ican Journal of Obstetrics and Gynecology, 204, 393.e391–
e396.

Chmait, R. H., Korst, L. M., Bornick, P. W., Allen, M. H., &
Quintero, R. A. (2008). Fetal growth after laser therapy for
twin-twin transfusion syndrome. American Journal of Ob-
stetrics and Gynecology, 199, 47.e41–46.

Chmait, R. H., Korst, L. M., Llanes, A., Mullin, P., Lee, R. H.,
& Ouzounian, J. G. (2013). Perioperative characteristics as-
sociated with preterm birth in twin-twin transfusion syn-
drome treated by laser surgery. American Journal of Obstet-
rics and Gynecology, 209, 264.e1–264.e8.

Conde-Agudelo, A., Romero, R., Hassan, S. S., & Yeo, L. (2010).
Transvaginal sonographic cervical length for the prediction
of spontaneous preterm birth in twin pregnancies: A sys-
tematic review and metaanalysis. American Journal of Ob-
stetrics and Gynecology, 203, 128.e121–112.

Cook, C. M., & Ellwood, D. A. (2000). The cervix as a predic-
tor of preterm delivery in ‘at-risk’ women. Ultrasound in
Obstetrics and Gynecology, 15, 109–113.

Danskin, F. H., & Neilson, J. P. (1989). Twin-to -twin trans-
fusion syndrome: What are appropriate diagnostic criteria?
American Journal of Obstetrics and Gynecology, 161, 365–
369.

Devlieger, R., Scherjon, S. A., Oepkes, D., Meerman, R.,
Timmerman, D., & Vandenbussche, F. P. (2003). Ultra-
sound visualization of fetal membrane detachment at the

180 TWIN RESEARCH AND HUMAN GENETICS

https://doi.org/10.1017/thg.2016.34 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2016.34


Twin-to-Twin Transfusion Syndrome Definition and Ultrasound

uterine cervix: The ‘moon sign’. Ultrasound in Obstetrics
and Gynecology, 22, 431–432.

Di Salvo, D. N., Benson, C. B., Laing, F. C., Brown, D. L., Frates,
M. C., & Doubilet, P. M. (1998). Sonographic evaluation
of the placental cord insertion site. American Journal of
Roentgenology, 170, 1295–1298.

Ekelund, C. K., Skibsted, L., Sogaard, K., Main, K. M., Dziegiel,
M. H., Schwartz, M., . . . Tabor, A. (2008). Dizygotic mono-
chorionic twin pregnancy conceived following intracyto-
plasmic sperm injection treatment and complicated by
twin-twin transfusion syndrome and blood chimerism. Ul-
trasound in Obstetrics and Gynecology, 32, 832–834.

Elejalde, B. R., Mercedes de Elejalde, M., Wagner, A. M., &
Lebel, R. R. (1983). Diagnosis of twin to twin transfusion
sydrome at 18 weeks of gestation. Journal of Clinical Ultra-
sound, 11, 442–446.

Erskine, J. P. (1944). A case of acute hydramnios successfully
treated by abdominal paracentesis. Journal of Obstetrics and
Gynaecology of the British Empire, 51, 549–551.

Farmakides, G., Schulman, H., Saldana, L. R., Bracero, L. A.,
Fleischer, A., & Rochelson, B. (1985). Surveillance of twin
pregnancy with umbilical arterial velocimetry. American
Journal of Obstetrics and Gynecology, 153, 789–792.

Finberg, H. J. (1992). The ‘twin peak’ sign: Reliable evidence
of dichorionic twinning. Journal of Ultrasound in Medicine,
11, 571–577.

Fisk, N. M., Borrell, A., Hubinont, C., Tannirandorn, Y.,
Nicolini, U., & Rodeck, C. H. (1990). Fetofetal transfusion
syndrome: Do the neonatal criteria apply in utero? Archives
of Disease in Childhood, 65, 657–661.

Foschini, M. P., Gabrielli, L., Dorji, T., Kos, M., Lazzarotto,
T., Lanari, M., & Landini, M. P. (2003). Vascular anasto-
moses in dichorionic diamniotic-fused placentas. Interna-
tional Journal of Gynecological Pathology, 22, 359–361.

Giles, W. B., Trudinger, B. J., Cook, C. M., & Connelly, A. J.
(1990). Doppler umbilical artery studies in the twin-twin
transfusion syndrome. Obstetrics & Gynecology, 76, 1097–
1099.

Hack, K. E., Nikkels, P. G., Koopman-Esseboom, C., Derks,
J. B., Elias, S. G., van Gemert, M. J., & Visser, G. H. (2008).
Placental characteristics of monochorionic diamniotic twin
pregnancies in relation to perinatal outcome. Placenta, 29,
976–981.

Hassan, S. S., Romero, R., Maymon, E., Berry, S. M., Blackwell,
S. C., Treadwell, M. C., & Tomlinson, M. (2001). Does cer-
vical cerclage prevent preterm delivery in patients with a
short cervix? American Journal of Obstetrics and Gynecol-
ogy, 184, 1325–1329; discussion 1329–1331.

Hernandez-Andrade, E., Romero, R., Ahn, H., Hussein, Y.,
Yeo, L., Korzeniewski, S. J., . . . Hassan, S. S. (2012). Trans-
abdominal evaluation of uterine cervical length during
pregnancy fails to identify a substantial number of women
with a short cervix. Journal of Maternal-Fetal and Neonatal
Medicine, 25, 1682–1689.

Ishii, K., Chmait, R. H., Martinez, J. M., Nakata, M., &
Quintero, R. A. (2004). Ultrasound assessment of venous
blood flow before and after laser therapy: Approach to
understanding the pathophysiology of twin-twin transfu-

sion syndrome. Ultrasound in Obstetrics and Gynecology, 24,
164–168.

Ishimatsu, J., Yoshimura, O., Manabe, A., Matsuzaki, T.,
Tanabe, R., & Hamada, T. (1992). Ultrasonography and
Doppler studies in twin-to-twin transfusion syndrome.
Asia-Oceania Journal of Obstetrics and Gynaecology, 18, 325–
331.

Jeanty, P., d’Alton, M., Romero, R., & Hobbins, J. C. (1986).
Perineal scanning. American Journal of Perinatology, 3, 289–
295.

Kontopoulos, E. V., & Quintero, R. A. (2007). Treatment of
twin-twin transfusion syndrome: An evidence-based analy-
sis. In R. A. Quintero (Ed.), Twin-twin transfusion syndrome
(pp. 127–137). London: Informa.

Lachapelle, M. F., Leduc, L., Cote, J. M., Grignon, A., &
Fouron, J. C. (1997). Potential value of fetal echocardio-
graphy in the differential diagnosis of twin pregnancy with
presence of polyhydramnios-oligohydramnios syndrome.
American Journal of Obstetrics and Gynecology, 177 , 388–
394.

Lage, J. M., Vanmarter, L. J., & Mikhail, E. (1989). Vascular
anastomoses in fused, dichorionic twin placentas resulting
in twin transfusion syndrome. Placenta, 10, 55–59.

Lees, C. C., Schwarzler, P., Ville, Y., & Campbell, S. (1998).
Stuck twin syndrome without signs of twin-to-twin trans-
fusion. Ultrasound in Obstetrics and Gynecology, 12, 211–
214.

Lopriore, E., Sueters, M., Middeldorp, J. M., Klumper, F.,
Oepkes, D., & Vandenbussche, F. P. (2006). Twin pregnan-
cies with two separate placental masses can still be mono-
chorionic and have vascular anastomoses. American Journal
of Obstetrics and Gynecology, 194, 804–808.

Lutfi, S., Allen, V. M., Fahey, J., O’Connell, C. M., &
Vincer, M. J. (2004). Twin-twin transfusion syndrome:
A population-based study. Obstetrics & Gynecology, 104,
1289–1297.

Machin, G. (2001). Placentation in multiple births. Twin Re-
search, 4, 150–155.

Magann, E. F., Bass, J. D., Chauhan, S. P., Young, R. A.,
Whitworth, N. S., & Morrison, J. C. (1997). Amniotic fluid
volume in normal singleton pregnancies. Obstetrics & Gy-
necology, 90, 524–528.

Magann, E. F., Chauhan, S. P., Barrilleaux, P. S., Whitworth,
N. S., & Martin, J. N. (2000). Amniotic fluid index and sin-
gle deepest pocket: Weak indicators of abnormal amniotic
volumes. Obstetrics & Gynecology, 96 , 737–740.

Magann, E. F., Chauhan, S. P., Bofill, J. A., & Martin, J. N., Jr.
(2003). Comparability of the amniotic fluid index and sin-
gle deepest pocket measurements in clinical practice. Aus-
tralian and New Zealand Journal of Obstetrics and Gynae-
cology, 43, 75–77.

Magann, E. F., Chauhan, S. P., Martin, J. N., Jr., Whitworth,
N. S., & Morrison, J. C. (1995). Ultrasonic assessment
of the amniotic fluid volume in diamniotic twins.
Journal of the Society for Gynecologic Investigation, 2,
609–613.

Magann, E. F., Chauhan, S. P., Whitworth, N. S., Anfanger, P.,
Rinehart, B. K., & Morrison, J. C. (2000). Determination

TWIN RESEARCH AND HUMAN GENETICS 181

https://doi.org/10.1017/thg.2016.34 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2016.34


Eftichia Kontopoulos, Ramen H. Chmait and Ruben A. Quintero

of amniotic fluid volume in twin pregnancies: Ultrasono-
graphic evaluation versus operator estimation. American
Journal of Obstetrics and Gynecology, 182, 1606–1609.

Magann, E. F., Doherty, D. A., Chauhan, S. P., Busch, F. W.,
Mecacci, F., & Morrison, J. C. (2004). How well do the am-
niotic fluid index and single deepest pocket indices (below
the 3rd and 5th and above the 95th and 97th percentiles)
predict oligohydramnios and hydramnios? American Jour-
nal of Obstetrics and Gynecology, 190, 164–169.

Magann, E. F., & Martin, J. N., Jr. (1999). Amniotic fluid vol-
ume assessment in singleton and twin pregnancies. Obstet-
rics and Gynecology Clinics of North America, 26 , 579–593

Magann, E. F., Whitworth, N. S., Bass, J. D., Chauhan, S. P.,
Martin, J. N., Jr., & Morrison, J. C. (1995). Amniotic fluid
volume of third-trimester diamniotic twin pregnancies.
Obstetrics & Gynecology, 85, 957–960.

Mahieu-Caputo, D., Dommergues, M., Delezoide, A. L.,
Lacoste, M., Cai, Y., Narcy, F., . . . Gubler, M. C. (2000).
Twin-to-twin transfusion syndrome. Role of the fetal renin-
angiotensin system. American Journal of Pathology, 156,
629–636.

Mahieu-Caputo, D., Meulemans, A., Martinovic, J., Gubler,
M. C., Delezoide, A. L., Muller, F., . . . Dommergues, M.
(2005). Paradoxic activation of the renin-angiotensin sys-
tem in twin-twin transfusion syndrome: An explanation
for cardiovascular disturbances in the recipient. Pediatric
Research, 58, 685–688

Mari, G., Detti, L., Levi-D’Ancona, R., & Kern, L. (1998).
‘Pseudo’ twin-to-twin transfusion syndrome and fetal out-
come. Journal of Perinatology, 18, 399–403.

Mari, G., Roberts, A., Detti, L., Kovanci, E., Stefos, T., Bahado-
Singh, R. O., . . . Fisk, N. M. (2001). Perinatal morbidity
and mortality rates in severe twin-twin transfusion syn-
drome: Results of the international amnioreduction reg-
istry. American Journal of Obstetrics and Gynecology, 185,
708–715.

Mathews, T. J., & MacDorman, M. F. (2011). Infant mortality
statistics from the 2007 period linked birth/infant death
data set. National Vital Statistics Reports, 59, 1–30.

Michelfelder, E., Gottliebson, W., Border, W., Kinsel, M.,
Polzin, W., Livingston, J., . . . Crombleholme, T. (2007).
Early manifestations and spectrum of recipient twin car-
diomyopathy in twin-twin transfusion syndrome: Relation
to Quintero stage. Ultrasound in Obstetrics and Gynecology,
30, 965–971.

Monteagudo, A., & Timor-Tritsch, I. E. (2000). Second- and
third-trimester ultrasound evaluation of chorionicity and
amnionicity in twin pregnancy. A simple algorithm. Journal
of Reproductive Medicine, 45, 476–480.

Monteagudo, A., Timor-Tritsch, I. E., & Sharma, S. (1994).
Early and simple determination of chorionic and amni-
otic type in multifetal gestations in the first fourteen weeks
by high-frequency transvaginal ultrasonography. American
Journal of Obstetrics and Gynecology, 170, 824–829.

Ohno, Y., Ando, H., Tanamura, A., Kurauchi, O., Mizutani, S.,
& Tomoda, Y. (1994). The value of Doppler ultrasound in
the diagnosis and management of twin-to-twin transfusion
syndrome. Archives of Gynecology andObstetrics, 255, 37–42.

Owen, J. (2003). Evaluation of the cervix by ultrasound for
the prediction of preterm birth. Clinics in Perinatology, 30,
735–755.

Patel, S., Korst, L. M., Llanes, A., Lee, R. H., Ouzounian, J. G., &
Chmait, R. H. (2014). Chorioamniotic membrane separa-
tion over the cervical os (‘moon sign’) in twin-twin trans-
fusion syndrome. Journal of Ultrasound in Medicine, 33,
1147–1154.

Pretorius, D. H., Budorick, N. E., Scioscia, A. L., Krabbe, J. K.,
Ko, S., & Myhre, C. M. (1993). Twin pregnancies in the sec-
ond trimester in women in an alpha-fetoprotein screening
program: Sonographic evaluation and outcome. American
Journal of Roentgenology, 161, 1007–1013.

Quintero, R. A. (2003). Twin-twin transfusion syndrome.
Clinics in Perinatology, 30, 591–600.

Quintero, R. A. (2007). Twin-twin transfusion syndrome. Lon-
don: InformaHealth.

Quintero, R. A., & Chmait, R. H. (2004). The cocoon sign:
A potential sonographic pitfall in the diagnosis of twin-
twin transfusion syndrome. Ultrasound in Obstetrics and
Gynecology, 23, 38–41.

Quintero, R., Kontopoulos, E. V., Barness, E., Steffensen, T. S.,
Hilbelink, D., Chmait, R., . . . Bornick, P. W. (2010). Twin-
twin transfusion syndrome in a dichorionic-monozygotic
twin pregnancy: The end of a paradigm? Fetal and Pediatric
Pathology, 29, 81–88.

Quintero, R. A., Morales, W. J., Allen, M. H., Bornick, P. W.,
Johnson, P. K., & Kruger, M. (1999). Staging of twin-twin
transfusion syndrome. Journal of Perinatology, 19, 550–555.

Quintero, R. A., Mueller, O. T., Martinez, J. M., Arroyo,
J., Gilbert-Barness, E., Hilbelink, D., . . . Sutcliffe, M.
(2003). Twin-twin transfusion syndrome in a dizygotic
monochorionic-diamniotic twin pregnancy. Journal of
Maternal-Fetal and Neonatal Medicine, 14, 279–281.

Quintero, R., Quintero, L., Pivatelli, A., Bornick, P., Allen, M.,
& Johnson, P. (2000). The donor-recipient (D-R) score: In
vivo endoscopic evidence to support the hypothesis of a
net transfer of blood from donor to recipient in twin-twin
transfusion syndrome. Prenatal and Neonatal Medicine, 5,
84–91.

Rausen, A., Seki, M., & Strauss, L. (1965). Twin transfusion
syndrome. Journal of Pediatrics, 66 , 613–628.

Reisner, D. P., Mahony, B. S., Petty, C. N., Nyberg, D. A., Porter,
T. F., Zingheim, R. W., . . . Luthy, D. A. (1993). Stuck
twin syndrome: Outcome in thirty-seven consecutive cases.
American Journal of Obstetrics and Gynecology, 169, 991–
995.

Rizzo, G., Arduini, D., & Romanin, C. (1993). Uterine artery
doppler velocity waveforms in twin pregnancies. Obstetrics
& Gynecology, 82, 978–983.

Rode, M. E., & Jackson, M. (1999). Sonographic considera-
tions with multiple gestation. Seminars in Roentgenology,
34, 29–34.

Rozenberg, P., Gillet, A., & Ville, Y. (2002). Transvaginal
sonographic examination of the cervix in asymptomatic
pregnant women: Review of the literature. Ultrasound in
Obstetrics and Gynecology, 19, 302–311.

182 TWIN RESEARCH AND HUMAN GENETICS

https://doi.org/10.1017/thg.2016.34 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2016.34


Twin-to-Twin Transfusion Syndrome Definition and Ultrasound

Russell, Z., Quintero, R. A., & Kontopoulos, E. V. (2008). What
is the definition of pulsatile umbilical venous flow in twin-
twin transfusion syndrome? American Journal of Obstetrics
and Gynecology, 199, 634.e1–e4.

Rychik, J., Tian, Z., Bebbington, M., Xu, F., McCann, M., Mann,
S., . . . Johnson, M. P. (2007). The twin-twin transfusion
syndrome: Spectrum of cardiovascular abnormality and de-
velopment of a cardiovascular score to assess severity of
disease. American Journal of Obstetrics and Gynecology, 197 ,
392.e391–398.

Saunders, N., Snijders, R., & Nicolaides, K. (1991). Twin-twin
transfusion syndrome during the 2nd trimester is asso-
ciated with small intertwin hemoglobin differences. Fetal
Diagnosis and Therapy, 6, 34–36.

Senat, M. V., Deprest, J., Boulvain, M., Paupe, A., Winer, N.,
& Ville, Y. (2004). Endoscopic laser surgery versus serial
amnioreduction for severe twin-to-twin transfusion syn-
drome. New England Journal of Medicine, 351, 136–144.

Sepulveda, W., Sebire, N. J., Hughes, K., Kalogeropoulos, A.,
& Nicolaides, K. H. (1997). Evolution of the lambda or
twin-chorionic peak sign in dichorionic twin pregnancies.
Obstetrics & Gynecology, 89, 439–441.

Sepulveda, W., Sebire, N. J., Hughes, K., Odibo, A., &
Nicolaides, K. H. (1996). The lambda sign at 10–14 weeks of
gestation as a predictor of chorionicity in twin pregnancies.
Ultrasound in Obstetrics and Gynecology, 7 , 421–423.

Shennan, A., & Jones, B. (2004). The cervix and prematurity:
Aetiology, prediction and prevention. Seminars in Fetal and
Neonatal Medicine, 9, 471–479.

Slager, J., & Lynne, S. (2012). Assessment of cervical length and
the relationship between short cervix and preterm birth.
Journal of Midwifery & Women’s Health, 57 , S4–11.

Stamilio, D. M., Fraser, W. D., & Moore, T. R. (2010). Twin-
twin transfusion syndrome: An ethics-based and evidence-
based argument for clinical research. American Journal of
Obstetrics and Gynecology, 203, 3–16.

Stirnemann, J. J., Mougeot, M., Proulx, F., Nasr, B., Essaoui,
M., Fouron, J. C., & Ville, Y. (2010). Profiling fetal cardiac

function in twin-twin transfusion syndrome. Ultrasound in
Obstetrics and Gynecology, 35, 19–27.

Tan, K., Tan, R., & Tan, A. (1979). The twin transfusion syn-
drome. Clinical Pediatrics, 18, 111–114.

Taylor, M. J., Denbow, M. L., Duncan, K. R., Overton, T. G., &
Fisk, N. M. (2000). Antenatal factors at diagnosis that pre-
dict outcome in twin-twin transfusion syndrome. Amer-
ican Journal of Obstetrics and Gynecology, 183, 1023–
1028.

Taylor, M. J., Govender, L., Jolly, M., Wee, L., & Fisk, N. M.
(2002). Validation of the Quintero staging system for twin-
twin transfusion syndrome. Obstetrics & Gynecology, 100,
1257–1265.

van Gemert, M. J., Major, A. L., & Borst, C. (1997). Twin-
twin transfusion syndrome. Three possible pathophysio-
logic mechanisms. Journal of Reproductive Medicine, 42,
708–714.

Weiner, C. P., & Ludomirski, A. (1994). Diagnosis, pathophys-
iology, and treatment of chronic twin-to-twin transfusion
syndrome. Fetal Diagnosis and Therapy, 9, 283–290.

Wenstrom, K. D., & Gall, S. A. (1988). Incidence, morbidity
and mortality, and diagnosis of twin gestations. Clinics in
Perinatology, 15, 1–11.

Wieacker, P., Wilhelm, C., Prompeler, H., Petersen, K. G.,
Schillinger, H., & Breckwoldt, M. (1992). Pathophysiology
of polyhydramnios in twin transfusion syndrome. Fetal Di-
agnosis and Therapy, 7 , 87–92.

Wittman, B., Baldwin, V., & Nichol, B. (1981). Antenatal diag-
nosis of twin transfusion syndrome by ultrasound. Obstet-
rics & Gynecology, 58, 123–127.

Wood, S. L., St Onge, R., Connors, G., & Elliot, P. D. (1996).
Evaluation of the twin peak or lambda sign in determining
chorionicity in multiple pregnancy. Obstetrics & Gynecol-
ogy, 88, 6–9.

Yamada, A., Kasugai, M., Ohno, Y., Ishizuka, T., Mizutani,
S., & Tomoda, Y. (1991). Antenatal diagnosis of twin-twin
transfusion syndrome by Doppler ultrasound. Obstetrics &
Gynecology, 78, 1058–1061.

TWIN RESEARCH AND HUMAN GENETICS 183

https://doi.org/10.1017/thg.2016.34 Published online by Cambridge University Press

https://doi.org/10.1017/thg.2016.34

	Terminology
	Sonographic Definition of TTTS
	Single Placenta
	Similar External Genitalia
	Amniotic Fluid Discordance

	Staging of TTTS
	Cervical Assessment by Ultrasound
	Ultrasound Mapping
	Conclusion
	References

