
Twin–twin transfusion syndrome is the most common com-
plication of monochorionic pregnancies affecting between 5

and 15% of such pregnancies and accounts for 15–77% of
perinatal mortality in twins. The management of twin–twin
transfusion syndrome is complex and various treatment modal-
ities have been tried. This review critically evaluates the
different management options available for the syndrome and
recommends some guidelines for future interventional studies.

Twin–twin transfusion syndrome (TTTS) is the most
common complication of monochorionic pregnancies
affecting between 5 and 15% of such pregnancies
(Benirsschke & Kim, 1973; Rausen et al., 1965). However,
the incidence may have been under-estimated due to differ-
ent diagnostic criteria of early studies with more recent
studies suggesting an incidence as high as 35% of mono-
chorionic pregnancies (Radestad & Thomassen, 1990; Urig
et al., 1990). TTTS accounts for 15–77% of perinatal mor-
tality in twins (Steinberg et al., 1990; Weir et al., 1979).
The aim of this review is to evaluate the different manage-
ment options available for TTTS and recommend some
guidelines for future interventional studies. To accomplish
this, we performed a Medline search using the words “twin
to twin transfusion syndrome” and “chorioangiopagus”.

Diagnosis and Pathophysiology
The earlier prenatal diagnostic criteria for TTTS were
derived from neonatal data using discordant weights of
more than 20% and hemoglobin of > 5g/dl (Abraham,
1967; Rausen et al., 1965; Tan et al., 1979). These criteria
have been criticized since discordant weights and hemoglo-
bin can be seen in cases of discordant IUGR in the absence
of TTTS (Danskin & Neilson, 1989). Recent evidence
from fetal blood sampling has shown that discordance in
hemoglobin is rarely present in TTTS (Fisk et al., 1990;
Saunders et al., 1991). Cheung et al. (1995) have also
shown that waiting for 20% weight discordance before
diagnosis of TTTS results in a more severe disease. The
diagnostic criteria for TTTS currently used by most prena-
tal diagnostic units include the presence of
oligohydramnios-polyhydramnios in same-sex twins, with a
single placenta with or without significant weight discor-
dance. Early documentation of chorionicity by first
trimester sonographic finding of a thin dividing inter-twin

membrane is also of immense importance for diagnosis of
TTTS (Sepulveda et al., 1996; Sepulveda et al., 1996).

The differential diagnosis of TTTS includes discordant
placental insufficiency, discordant fetal anomaly, discordant
chromosomal anomalies and discordant congenital infec-
tions. These conditions need to be excluded before
diagnosing TTTS.

The TTTS results from imbalance in blood flow
through vascular communications in the placenta
(chorioangiopagus). The “recipient” twin receives higher
blood supply compared with the “donor” twin. These vas-
cular communications exist in all monochorionic but rarely
in dichorionic placentas, which explains the observation
that TTTS rarely occurs in dichorionic pregnancies.
Vascular anastomosis can be artery to artery, vein to vein or
artery to vein. It is thought that the artery to vein anasto-
moses, in particular those deep within the placental
cotyledons, are responsible for significant TTTS (Barjoria
et al., 1995). Recent evidence has implicated the role of
placental derived vasoactive mediators such as endothelin 1;
the renin-angiotensin sytem and hypertensive changes in
recipient twins affected by TTTS (Bajoria et al., 2002;
Mahieu-Caputo et al., 2001). The implications of these
findings are that factors other than unbalanced blood trans-
fusion may play a role in the pathophysiology of TTTS.

In the absence of treatment, the possible complications
of TTTS include worsening polyhydramnios leading to
premature delivery, hydrops secondary to cardiac failure,
and intrauterine fetal death of one or both twins.

Staging of Twin–Twin Transfusion Syndrome
Studies reporting the efficacy of various treatments for
TTTS are confounded by different inclusion criteria and
therefore difficult to compare. Quintero et al. (1999) have
proposed a staging system that could be used to standardize
entry into future interventional studies. The system
includes five stages:
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Stage I Presence of polyhydramnios and oligohydra-
mnios, with the bladder of the donor twin 
still visible.

Stage II Stage I and lack of visualization of the urinary
bladder in the donor twin, and absence of critical
abnormal Doppler findings.

Stage III All of the above and critical abnormal Doppler
findings of either absent or reversed end diastolic
flow in the umbilical artery or reversed ductus
venosus flow or pulsatile umbilical venous flow.

Stage IV All of the above and fetal hydrops.

Stage V Demise of one or both fetuses.

The ideal patients for interventional studies would be
stages II–IV.

Management of Twin–Twin 
Transfusion Syndrome
Several treatment modalities have been proposed and uti-
lized for TTTS including:

• medical management

• serial amnioreduction

• selective and non-selective laser photocoagulation

• inter-twin membrane microseptostomy

• selective feticide and umbilical cord ligation.

In the absence of any intervention, mortality rates as high as
100% have been reported for TTTS (Saunders et al., 1991).

Medical Treatment of TTTS

There have been few case reports of using medical treatment
for TTTS. De Lia et al. (1985) reported a successful resolu-
tion of hydrops in a recipient twin using digoxin with a
successful delivery of the twins at 34 weeks. The suggested

mechanism of action is treatment of underlying heart
failure. Reports on the use of indomethacin have yielded
conflicting results. While Lange et al. (1989) reported suc-
cessful resolution of polyhydramnios using indomethacin,
Jones et al. (1993) have reported an associated fetal death
with its use. To our knowledge, no study with a large experi-
ence in the use of medical treatment for TTS has been
published. Because of this, medical management of TTTS is
rarely used and may need further evaluation.

Serial Amnioreduction

Serial amniocentesis was initially performed for the relief of
symptoms from the polyhydramnios associated with TTTS.
It is still the most commonly employed treatment for
TTTS. It has been hypothesized that the decompression
caused by amniotic fluid drainage leads to improved circu-
lation to the donor twin (Elliot et al., 1991). These authors
demonstrated placental changes suggestive of improved cir-
culation after amnioreduction. Bower et al. (1995), have
also demonstrated improved uterine blood flow on Doppler
studies following amnioreduction.

Table 1 depicts some of the case series using amnioreduc-
tion for the treatment of TTTS. The success rates have varied
from 15 to 82%. The wide range may be secondary to the
small number of patients in most of the reports. Interpretation
of the reports is also limited by their varied gestational age at
diagnosis, amount of fluid drained, the number of amniocen-
tesis performed per case and the definition of perinatal
survival and the definition / severity of TTTS.

In an attempt to rectify this, Registries for TTTS have
been organized. The Australian and New Zealand Registry
for TTTS reported their findings in 1999 (Dickinson and
Evans). They found a survival rate of 62.5% from 112 cases
of TTTS. Mari et al. (2001) reported the findings of the
International Twin–Twin Transfusion Syndrome Registry.
The registry included 346 twin pairs and following
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Table 1

Reports of Serial Amnioreduction for Treatment of TTTS

Reference No. of patients Mean No. Mean vol. amniotic Mean duration Perinatal
of amniocentesis fluid removed of prolongation survival 

of gestation from
girst amniocentesis 

(weeks)
Rivett (1933) 5 1.8 1351 5.6 50%
Urig et al. (1990) 5 2.2 NA 1.7 20%
Mahony et al. (1990) 8 3.5 6150 9.7 69%
Schneider et al. (1985) 9 4.6 5725 3.1 44%
Gonsoulin et al. (1990) 13 1.9 1200 3.0 15%
Radestad et al. (1990) 18 2 3700 3.4 53%
Elliott et al. (1991) 17 4 1683 11.6 79%
Saunders et al. (1992) 19 3 2600 7.3 37%
Pinette et al (1993) 13 3.7 NA 11.3 80%
Dennis et al. (1997) 11 5.5 8000 8 82%
Trespidi et al. (1997) 23 NA NA NA 57%
Berghella et al. (2001) 19 NA NA NA 48%
Total 137 54% (mean)
Note: NA = not available
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amnioreduction, 48% of both fetuses and 71% of at least
one fetus survived to 4 weeks after birth. Table 1 also illus-
trates the differences in amniotic fluid volume removed.
The terminology of “aggressive amnioreduction” has been
used in some series, but the definition of aggressive versus
conservative amnioreduction is yet to be standardized.
Operators have been reluctant to remove large amount of
amniotic fluids during a single procedure due to the theo-
retical risk of placental abruption from sudden
decompression. However, Saunders et al. (1992) have
reported drainage of greater than 6 liters of amniotic fluid
at one setting without complications.

The possible complications of amnioreduction include
rupture of membranes, preterm labor, chorioamnionitis,
iatrogenic conversion to monoamniotic pregnancy (Cooper
et al., 2001; Feldman et al., 1998) and placental abruption.
More recently, there have been concerns about the long-
term neurological outcome of fetuses treated by
amnioreduction. Severe neurological abnormalities of
between 18–26% have reportedly been associated with
TTTS treated with amnioreduction (De Lia et al., 1990;
De Lia et al., 1995; Hecher et al., 1999). The hypothesis is
that the neurological abnormalities can be attributed to a
decrease in cerebral perfusion and ischemic brain injury. In
the report of the International Twin–twin Transfusion
Syndrome Registry, abnormal neonatal cranial ultrasound
findings were reported in up to 25% of the survivors. It is
not clear from the report if these neurological findings are
caused by amnioreduction or as an expected consequence
of the disease process or of preterm delivery. The incidence
of periventricular leucomalacia in this report (Mari et al.,
2001) was 5%, which was lower than the 11% reported by
the Australian and New Zealand Twin–Twin Transfusion
Registry (Dickinson & Evans, 1999). The long-term neuro-
logical outcomes of the survivors in the International
Registry are not yet available. The incidence of cerebral
palsy on long-term follow up in a series involving 33 preg-
nancies was 4.7% (Mari et al., 2000). Larger studies are
therefore needed to confirm any association between TTTS
treated by amnioreduction and neurological abnormalities,

although information from randomized control trials
would be most helpful.

Laser Photocoagulation

In 1990, De Lia et al. performed the first treatment 
of TTTS using fetoscopic laser to ablate the vascular com-
munications in the placenta. Table 2 lists the studies on 
the use of laser ablation for TTTS. The survival rates have
been consistently between 53 and 69%. Interestingly, 
these studies report a lower incidence of neurological
abnormalities (4–6%) for laser photocoagulation compared
with amnioreduction.

The early reports on the use of laser photocoagulation
for TTTS involved ablation of all vessels visualized around
the inter-twin membrane junction. This has been termed
“non-selective” laser ablation. Barjoria et al. (1995) have
shown that there are numerous deep anastomosis that may
be missed using non-selective laser ablation.

Hecher et al. (1999) recently described a technique 
of “selective” photocoagulation. This involves photocoagu-
lation of only unmatched (artery not associated with a vein
and vice-versa) vessels traced to the donor twin (Quintero
et al., 2000). This definition of “selective” photocoagula-
tion is not yet universally accepted (De Lia et al., 2000).
The purported advantage of this technique is that it identi-
fies the deep communications thought to be more
significant in the pathophysiology of TTTS. Quintero et al.
(2000, 2001) have reported survival rates of 80–83% 
using selective laser compared with 61% in the non-selec-
tive laser group.

The disadvantages of fetoscopic laser ablation includes
being more invasive than amnioreduction with possible
need for general anesthesia, preterm premature rupture of
membranes, need for greater operator skill, and case reports
of intestinal complications including ileal atresia in the
recipient twins following laser treatment (Arul et al., 2001).

Umbilical Cord Ligation

Umbilical cord ligation has been used as a management of
complications of monochorionic pregnancies including
severe TTTS (Deprest et al., 2000; Nicolini et al., 2001;
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Table 2

Reports of Laser Photocoagulation as a Treatment for TTTS

Reference No. of patient Selective(S) or Duration of Perinatal 
Non-selective pregnancy survival

(NS) prolongation 
(weeks)

De Lia et al. (1995) 26 NS 11.7 53%
Ville et al. (1995) 45 NS 14 53%
Ville et al. (1998) 132 NS ? 55%
De Lia et al. (1998) 67 NS 9.9 69%
Hecher et al. (1999) 73 NS 12.9 61%
Hecher et al. (2000) 127 S 13 68%
Thilaganathan et al. (2000) 10 S 12.5 55%
Quintero et al. (2000) 18 NS 9.6 50%

74 S 11.7 61%
Total 572 58% (mean)
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Quintero et al., 1996). The aim of such treatments is to
achieve selective feticide of the twin with the most severe
complication such as hydrops or severe growth restriction.
This is also a new technique with the reports limited to few
cases only. It could be associated with severe complications
and mortality (Nicolini et al., 2001). Its use is therefore
also limited.

Intertwin Membrane Microseptostomy

Intentional amniotomy of the inter-twin membranes was
first described by Saade et al. (1995) with the aim of resolv-
ing the oligohydramnios in the “stuck” twin. It also reduces
the polyhydramnios in the recipient twin, thereby prevent-
ing preterm labor. We had previously reported on the risk
of cord entanglement from creating an iatrogenic monoam-
niotic sac (Feldman et al., 1998). In an attempt to prevent
this complication, the technique of microseptostomy has
been described. The technique involves creating a single
amniotomy puncture with a 20 or 22 gauge needle and
allowing fluid to drain from the polyhydramnios sac to that
of the “stuck” twin (Cook & O’Shaugnessy, 1997; Saade et
al., 1998). The survival rate from the procedure was
reported in a small series involving 12 patients to be 83%
(Saade et al., 1998). Johnson et al. (2001) compared 7
patients treated by microseptostomy with 7 treated by serial
amnioreduction. They reported a survival rate for twin
pairs of 67%, which was comparable to that of twins
treated with amnioreduction. More experience with this
technique and data on neurologic outcome is needed before
its recommendation as a treatment for TTTS.

Future Interventional Studies 
of Treatment of TTTS
The difficulty in evaluating the different treatment
methods for TTTS is obvious from the above review.
Adequate studies comparing the various treatment methods
are lacking. The recent review of the Cochrane Database
failed to identify any adequate randomized study to influ-
ence practice of treatment of TTTS (Roberts et al., 2001).
The selection criteria searched for studies of amnioreduc-
tion versus laser coagulation, septostomy versus laser
coagulation or septostomy versus amnioreduction. In a
recent meta-analysis published in this Journal, Skupski et
al. (2002) showed no difference in the diagnosis-to-delivery
interval or survival rates for any treatment modality for
TTTS compared with expectant management. They admit-
ted that a small sample size of the available studies might be
responsible for their conclusion. There is therefore an
urgent need for randomized studies comparing the various
treatment methods. The ideal sample size will be based on
an assumption of superiority of one treatment modality
over another. For example, a review of Tables 1 and 2 show
an overall survival of about 55% for both amnioreduction
and laser photocoagulation. If we assume a 25% superiority
of amnioreduction over laser (based on the studies of
Pinette et al. (1993) and Dennis et al. (1997) with 80–82%
survival after amnioreduction) you will require a sample
size of 150, seventy-five in each arm (for a significance level
of 0.02 and a power of 0.8). We agree with Machin (2002)
that randomized trials may not be ethical without a prior
therapeutic or diagnostic amniocentesis. Our center is 

participating in one of such ongoing multi-center study
comparing aggressive amnioreduction to selective laser pho-
tocoagulation and other similar studies are ongoing. The
outcomes of these studies are highly needed. To avoid the
difficulties of interpretation seen in previous reports, the
following guidelines may be helpful for future studies.

1. Standardization of entry criteria. The diagnosis of
TTTS needs to be more consistent. Although not uni-
versally accepted, the staging system by Quintero et al.
(1999) could be used as an objective means of describ-
ing the severity of cases at the time of enrollment.

2. Interventions used need to be well documented and
comparable to other studies. The definition of aggres-
sive amniocentesis needs to be standardized possibly
using the post-procedure single largest pocket of amni-
otic fluid, and the amount of amniotic fluid removed at
the time of laser coagulation should be documented.

3. The studies should aim to improve our understanding
of the pathophysiology of TTTS. This could involve
evaluating these pregnancies with fetal echocardiogra-
phy and Doppler velocimetry (Fesslova et al., 1998;
Hecher et al., 1995) and if feasible routine evaluation of
the role of placental vaso-active peptides (Bajoria et al.,
2002) in the etiology of TTTS.

4. Ascertainment of outcomes should be performed in a
multi-disciplinary approach. In previous studies sur-
vival have been limited to the perinatal period. Future
studies should evaluate survival rates well outside the
perinatal period as Mari et al. (2001) have demon-
strated a fall in survival rates within the first 4 weeks of
life, possibly secondary to complications of TTTS.
Likewise, long-term outcomes with special emphasis on
neurological and cardiac outcomes need to be docu-
mented. This would involve performing postnatal
neurological ultrasounds, MRI and neonatal echocar-
diograms, and long-term neuro-developmental
assessment between 1–2 years of age. While some of the
previous studies on intervention for TTTS have
attempted to document some of the above features, the
data have been missing in the majority.

5. Finally, the diagnosis of TTTS needs to be confirmed by
postnatal histopathological evaluation. This evaluation
will include injection studies to confirm vascular anasto-
moses, assessment of placental weights, cord insertion,
and number of layers in the dividing membranes.
Detailed histological evaluation of the placenta to docu-
ment number and types of anastomoses may increase
our knowledge of the pathophysiology of TTTS.

We are aware that some of the above goals may be difficult
to achieve, but the potential of producing studies that can
guide future management would make the effort worth-
while and commendable. In our ongoing multi-center trial
the above principles are incorporated in the protocol and
the details will be published in the future.

Acknowledgment
This research was supported by NIH grants 5R01HD
039441-2 and 3R01 HD041149-0151.

518 Twin Research December 2002

Anthony O. Odibo and George A. Macones

https://doi.org/10.1375/twin.5.6.515 Published online by Cambridge University Press

https://doi.org/10.1375/twin.5.6.515


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

drome. Clinical Pediatrics, 6, 405–410.

Arul, G. S., Carroll, S., Kyle, P. M., Soothill, P. W., & Spicer, R.
D. (2001). Intestinal complications associated with twin–twin
transfusion syndrome after antenatal laser treatment. Report
of two cases. Journal of Pediatric Surgery, 36, 301–302.

Barjoria, R., Ward, S., & Chatterjee, R. (2002). Natriuretic pep-
tides in the pathogesnesis of cardiac dysfunction in the
recipient fetus of twin–twin transfusion syndrome. American
Journal of Obstetrics and Gynecology, 186, 121–127.

Barjoria, R., Wigglesworth, J., & Fisk, N. M. (1995).
Angioarchitecture of monochorionic placentas in relation 
to twin–twin transfusion syndrome. American Journal 
of Obstetrics and Gynecology, 172, 856–863.

Berghella, V., & Kaufmann, M. (2001). Natural history of
twin–twin transfusion syndrome. Journal of Reproductive
Medicine, 46, 480–484.

Bernirschke, K., & Kim, C. K. (1973). Multiple pregnancy. 
New England Journal of Medicine, 288, 1276–1284.

Bower, S. J., Flack, N. J., Sepulveda, W., Talbert, D. G., & Fisk, N.
M. (1995). Uterine artery blood flow in response to correction
of amniotic fluid volume. American Journal of Obstetrics and
Gynecology, 173, 502–507.

Cheung, V. Y., Bocking, A. D., & Dasilva, O. P. (1995). Preterm
discordant twins: What birthweight difference is significant?
American Journal of Obstetrics and Gynecology, 172, 955–959.

Cook, T. L., & O’Shaughnessy, R. (1997). Iatrogenic creation of
monoamniotic twin gestation in severe twin/twin transfusion
syndrome. Journal of Ultrasound Medicine, 16, 853–855.

Cooper, R., Bornick, P. W., Allen, M., & Quintero, R. (2001).
Endoscopic documentation of unintentional perforation 
of the dividing membrane during amnioreduction for
twin–twin transfusion syndrome. Fetal Diagnosis and Therapy,
16, 101–104.

Danskin, F. H., & Neilson, J. P. (1989). Twin to twin transfusion
syndrome: What are appropriate diagnostic criteria? American
Journal of Obstetrics and Gynecology, 161, 365–368.

De Lia, J., Emery, M. G., Sheafor, S. A., & Jennison, T. A.
(1985). Twin transfusion syndrome: Successful in utero treat-
ment with digoxin. International Journal of Gynaecology and
Obstetrics, 23, 197–201.

De Lia, J., Fisk, N., Hecher, K., Machin, G., Nicolaides, K.,
Hyett, J., et al. (1995). Twin-to-twin transfusion syndrome —
Debates on the etiology, natural history and management.
Ultrasound in Obstetrics and Gynecology, 16, 210–214.

De Lia, J. E., Cruikshank, D. P., & Kaye, W. R. (1990).
Fetoscopic neodymium: YAG laser occlusion of placental
vessels in severe twin–twin transfusion syndrome. Obstetrics
and Gynecology, 75, 1046–1053.

De Lia, J. E., Kuhlmann, R. S., Harstad, T. W., & Cruikshank, D.
P. (1995). Fetoscopic laser ablation of placental vessels 
in severe twin–twin transfusion syndrome. American Journal
of Obstetrics and Gynecology, 172, 1202–1211.

De Lia, J. E., Kuhlmann, R. S., & Lopez, K. P. (1999). Treating
the previable twin–twin transfusion syndrome with fetoscopic
laser surgery: Outcomes following the learning curve. Journal
of Perinatal Medicine, 27, 61–67.

Dennis, L. G., & Winkler, C. L. (1997). Twin-to-twin transfusion
syndrome: Aggressive therapeutic amniocentesis. American
Journal of Obstetrics and Gynecology, 177, 342–349.

Deprest, J. A., Audibert, F., Van Schoubroeck, D., Hecher, K., 
& Mahieu-Caputo, D. (2000). Bipolar coagulation of the
umbilical cord in complicated monochorionic twin preg-
nancy. American Journal of Obstetrics and Gynecology, 182,
340–345.

Dickinson, J. E., & Evans, S. F. (1999). Obstetric and perinatal
outcomes from the Australian and New Zealand twin–twin
transfusion syndrome registry. American Journal of Obstetrics
and Gynecology, 182, 706–712.

Elliot, J. P., Urig, M. A., & Clewell, W. H. (1991). Aggressive
therapeutic amniocentesis for treatment of twin–twin transfu-
sion syndrome. Obstetrics and Gynecology, 77, 537–540.

Feldman, D. M., Odibo, A., Campbell, W. A., & Rodis, J. F.
(1998). Iatrogenic monoamniotic twins as a complication of
therapeutic amniocentesis. Obstetrics and Gynecology, 91,
815–816.

Fesslova, V., Villa, L., Nava, S., Mosca, F., & Nicolini, U. (1998).
Fetal and neonatal echocardiographic findings in twin–twin
transfusion syndrome. American Journal of Obstetrics and
Gynecology, 179, 1056–1062.

Fisk, N. M., Borrell, A., Hubinont, C., Tannirondorn, 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.

Gonsoulin, W., Moise, K. J. Jr., Kirshon, B., et al. (1990).
Outcome of twin–twin transfusion diagnosed before 28 weeks
of gestation. Obstetrics and Gynecology, 73, 214–216.

Hecher, K., Campbell, S., Doyle, P., Harrington, K., 
& Nicolaides, K. (1995). Assessment of fetal compromise by
Doppler ultrasound investigation of the fetal circulation:
Arterial, intracardiac, and venous blood flow studies.
Circulation, 91, 129–138.

Hecher, K., Plath, H., Bregenzer, T., Hansmann, M., & Hackloer,
B. J. (1999). Endoscopic laser versus serial amniocentesis 
in the treatment of severe twin–twin transfusion syndrome.
American Journal of Obstetrics and Gynecology, 180, 717–724.

Hecker, K., Diehl, W., Zikulnig, L., Vetter, M., & Hackeloer, B. J.
(2000). Endoscopic laser coagulation of placental anastomosis
in 200 pregnancies with severe mid-trimester twin-to-twin
transfusion syndrome. European Journal of Obstetrics 
& Gynecology, 92, 135–139.

Johnson, J. R., Rossi, K. Q., & O’Shaughnessy, R. W. (2001).
Amnioreduction versus septostomy in twin–twin transfusion
syndrome. American Journal of Obstetrics and Gynecology, 185,
1044–1047.

Jones, J. M., Sbarra, A. J., Dilillo, L., Cetrulo, C. L., & D’Alton,
M. E. (1993). Indomethacin in severe twin-to-twin transfu-
sion syndrome. American Journal of Perinatology, 10, 24–26.

Lange, I. R., Harman, C. R., Ash, K. M., Manning, F. A., 
& Menticoglou, S. (1989). Twin with hydramnios: Treating
premature labor at source. American Journal of Obstetrics and
Gynecology, 160, 552–557.

Machin, G. A. (2002). Rejoinder to meta-analysis of twin–twin
transfusion syndrome by Skupski et al. Twin Research, 5, 5.

Mahieu-Caputo, D., Muller, F., Joly, D., Gubler, M. C., Lebidois,
J., Fermont, L., Dumez, Y., et al. (2001). Pathogenesis of

519Twin Research December 2002

Management of Twin–Twin Transfusion Syndrome: Laying the Foundation for Future Interventional Studies

https://doi.org/10.1375/twin.5.6.515 Published online by Cambridge University Press

https://doi.org/10.1375/twin.5.6.515


twin–twin transfusion syndrome: The rennin-angiotensis
system hypothesis. Fetal Diagosis and Therapy, 16, 241–244.

Mahony, B. S., Petty, C. N., Nyberg, D. A., Lathy, D. A., Hickok,
D. E., & Hirsch, J. H. (1990). The ‘stuck twin’ phenomenon:
Ultrasonographic findings, pregnancy outcome, and manage-
ment with serial amniocentesis. American Journal of Obstetrics
and Gynecology, 163, 1513–1521.

Mari, G., Detti, L., Oz, U., & Abuhamad, A. Z. (2000). Long-
term outcome in twin–twin transfusion syndrome treated
with serial aggressive amnioreduction. American Journal 
of Obstetrics and Gynecology, 183, 211–217.

Mari, G., Roberts, A., Detti, L., Kovanci, E., Stefos, T., Bahado-
Singh, R. O., et al. (2001). Perinatal morbidity and mortality
rates in severe twin–twin transfusion syndrome: Results of the
International Amnioreduction Registry. American Journal of
Obstetrics and Gynecology, 185, 708–715.

Nicolini, U., Poblete, A., Boschetto, C., Bonati, F., & Roberts, A.
(2001). Complicated monochorionic twin pregnancies:
Experience with bipolar cord coagulation. American Journal 
of Obstetrics and Gynecology, 185, 703–707.

Pinette, M. G., Pan, Y., Pinette, S. G., et al. (1993). Treatment 
of twin–twin transfusion syndrome. Obstetrics and Gynecology,
82, 841–846.

Quintero, R. A., Bornick, P. W., Allen, M. H., & Johnson, P. K.
(2001). Selective laser photocoagulation of communicating
vessels in severe twin–twin transfusion syndrome in women
with anterior placenta. Obstetrics and Gynecolog y, 
97, 477–481.

Quintero, R. A., Comas, C., Bornick, P. W., Allen, M. H., 
& Kruger, M. (2000). Selective versus non-selective laser pho-
tocoagulation of placental vessels in twin-to-twin transfusion
syndrome. Ultrasound in Obstetrics & Gynecolog y, 16,
230–236.

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., Romero, R., Reich, H., Goncalves, L., Johnson,
M. P., Carreno, C., et al. (1996). In utero percutaneous
umbilical cord ligation in the management of complicated
monochorionic multiples gestations. Ultasound in Obstetrics
and Gynecology, 8, 16–22.

Radestad, A., & Thomassen, P. A. (1990). Acute polyhydramnios
in twin pregnancy: A retrospective study with special reference
to therapeutic amniocentesis. Acta Obstetrica et Gynecologica
Scandinavica, 69, 297–300.

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

Rivett, L. C. (1933). Hydramnios. Journal of Obstetrics and
Gynaecology of the British Empire, 40, 522–525.

Roberts, D., Neilson, J. P., & Weindling, A. M. (2001).
Interventions for the treatment of twin–twin transfusion syn-
drome. Cochrane Database of Systemic Reviews, 1, CD002073.

Saade, G. R., Belfort, M. A., Berry, D. L., Bori, T-H.,
Montgomery, L. D., Johnson, A., et al. (1998). Amniotic
septomy for the treatment of twin oligohydramnios-polyhy-
dramnios sequence. Fetal Diagosis and Therapy, 13, 86–93.

Saade, G. R., Olson, G., Belfort, M. A., & Moise, K. J.
Amniotomy: A new approach to the “stuck twin” syndrome.
American Journal of Obstetrics and Gynecology, 172, 429–434.

Saunder, N. J., Snijders, R. J. M., & Nicolaides, K. H. (1992).
Therapeutic amniocentesis in twin–twin transfusion syn-
drome appearing in the second trimester of pregnancy.
American Journal of Obstetrics and Gynecology, 166, 820–824.

Saunders, N. J., Snijders, R. J., & Nicolaides, K. H. (1991).
Twin–twin transfusion syndrome during the second trimester
is associated with small intertwin haemoglobin differences.
Fetal Diagnosis and Therapy, 6, 34–36.

Schneider, K. T., Vetter, K., Huch, R., et al. (1985). Acute polyhy-
dramnios complicating twin pregnancies. Acta Geneticae
Medicae et Gemellologiae, 34, 179–184.

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

Sepulveda, W., Sebire, N. J., Odibo, A., Psarra, A., & Nicolaides,
K. H. (1996). Prenatal determination of chorionicity in
Triplets Pregnancy by Ultrasonographic Examination of the
IPSILON Zone. Obstetrics and Gynecology, 88, 855–858.

Skupski, D. W., Gurushanthaiah, K., & Chasen, S. (2002). The
effect of treatment of Twin–twin transfusion syndrome on the
diagnosis-to-delivery interval. Twin Research, 1, 1–5.

Steinberg, L. H., Hurley, V. A., Desmedt, E., & Beischer, N. A.
(1990). Acute polyhydramnios in twin pregnancies. Australian
and New Zealand Journal of Obstetrics & Gynecology, 30,
196–200.

Tan, K. L., Tan, R., Tan, S. H., & Tan, A. M. (1979). The twin
transfusion syndrome: Clinical observations in 35 affected
pairs. Clinical Pediatrics, 18, 111–114.

Thilaganathan, B., Gloeb, D. J., Sairam, S., & Tekay, A. (2000).
Sono-endoscopic delineation of the placental vascular equator
prior to selective fetoscopic laser ablation in twin-to-twin
transfusion syndrome. Ultrasound in Obstetrics & Gynecology,
16, 226–229.

Trespidi, L., Boschetto, C., Caravelli, E., Villa, L., Kustermann,
A., & Nicolini, U. (1997). Serial amniocentesis in the man-
agement of twin–twin transfusion syndrome: When is it
valuable? Fetal Diagnosis and Therapy, 12, 15–20.

Urig, M. A., Clewell, W. H., & Elliot, J. (1990). Twin–twin trans-
fusion syndrome. American Journal of Obstetrics and
Gynecology, 163, 1522–1526.

Ville, Y., Hecher, K., Gagnon, A., Sebire, N., Hyett, J., 
& Nicolaides, K. (1998). Endoscopic laser coagulation in the
management of severe twin-to-twin transfusion syndrome.
British Journal of Obstetrics and Gynecology, 105, 760–765.

Ville, Y., Hyett, J., Hecher, K., & Nicolaides, K. (1995).
Preliminary experience with endoscopic laser for severe
twin–twin transfusion syndrome. New England Journal 
of Medicine, 3332, 224–227.

Weir, P. E., Ratten, G. J., & Beischer, N. A. (1979). Acute polyhy-
dramnios — A complication of monozygous twin pregnancy.
British Journal of Obstetrics and Gynecology, 86, 849–853.

520 Twin Research December 2002

Anthony O. Odibo and George A. Macones

https://doi.org/10.1375/twin.5.6.515 Published online by Cambridge University Press

https://doi.org/10.1375/twin.5.6.515

