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charge from the hospital of at least 1 or 2 live neonates was 
88.2% (67/76) and 71.1% (54/76), respectively. Among survi-
vors, 17 (17/121 = 14.0%) children presented with neurode-
velopmental alterations during clinical follow-up.  Conclu-

sions:  The major contribution of this study was the demon-
stration that the ELDP technique appears to be associated 
with a low risk of persistence or recurrence of TTTS and TAPS. 

 © 2013 S. Karger AG, Basel 

 Introduction 

 Laser ablation of placental vessels (LAPV) is the treat-
ment of choice for severe twin-twin transfusion syn-
drome (TTTS)  [1–4] . Since a pioneering report described 
successful procedures performed by De Lia et al.  [5]  more 
than 20 years ago, the technique has undergone several 
modifications  [6–10] . Initially, the most commonly used 
approach was the non-selective LAPV, which was origi-
nally described by Ville et al.  [6] . This approach was char-
acterized by the indiscriminate coagulation of all vessels 
crossing the inter-twin membrane on the chorionic sur-
face of the placenta. Subsequently, Quintero et al.  [7]  pro-
posed that a thorough endoscopic mapping of the trajec-
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 Abstract 

  Objectives:  To describe the results of a technique of laser 
ablation of placental vessels in the treatment of severe twin-
twin transfusion syndrome (TTTS), which is characterized by 
separation of the fetoplacental vascular territories and di-
chorionization of the placenta.  Patients and Methods:  De-
scriptive analysis of TTTS cases treated with the endoscopic 
laser dichorionization of the placenta (ELDP) procedure. The 
variables evaluated were the occurrence of reversal of the 
donor-recipient phenotype, persistence of TTTS or twin ane-
mia-polycythemia sequence (TAPS); gestational age at deliv-
ery; discharge from the hospital of at least 1 or 2 live neo-
nates, and incidence of neurological alterations among sur-
vivors.  Results:  67 patients were treated with the ELDP 
procedure. There was no persistence of TTTS, reversal of the 
donor-recipient phenotype or TAPS. The median gestational 
age at delivery was 33.0 (23.6–37.7) weeks. The rate of dis-
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tories of these vessels should be used for the identification 
and coagulation of only deep (arteriovenous) and super-
ficial (venovenous and arterioarterial) communications 
between the twins. When the non-selective and selective 
techniques were compared, there was a trend toward a 
lower rate of dual fetal intrauterine demise when the new-
er (selective) method was used (p = 0.05)  [8] .

  Although the selective technique and its variations 
have been demonstrated to yield positive outcomes, there 
were coincidental post-procedure complications, such as 
a reversal of the donor-recipient phenotype, continuation 
of TTTS and twin anemia-polycythemia sequence (TAPS) 
 [11–18] . These adverse incidental consequences arise 
from the persistence of residual anastomoses that can be 
found in as many as one third of all placentas examined 
after selective laser surgery for TTTS. A failure to effec-
tively interrupt the blood flow through some of the anas-
tomoses could result from the inability to visualize these 
anastomoses during fetoscopy (some vessels might be 
collapsed by the pressure of polyhydramnios or be hidden 
under the chorionic plate of the placenta) or from recan-
alization due to insufficient coagulation. The persistence 
of large arteriovenous anastomoses is associated with 
continuation of TTTS, and the patency of small (diameter 
<1 mm) arteriovenous anastomoses can lead to TAPS  [11, 
13, 17, 18] . TAPS may occur spontaneously, but most of-
ten develops after selective laser surgery, at incidences 
that vary from 3–5 to 2–13%, respectively  [12] .

  The aim of this study was to describe the early experi-
ences of three fetal treatment centers with a technique of 
LAPV initially developed at the Harris Birthright Re-
search Centre for Fetal Medicine, King’s College Hospi-
tal, London, UK. This technique is characterized by abla-
tion of communicating vessels at the vascular equator 
rather than at the inter-twin membrane, followed by laser 
coagulation of the intervening placental tissue to achieve 
dichorionization of the monochorionic pregnancy (en-
doscopic laser dichorionization of the placenta – ELDP). 
This approach was designed with the major intention of 
minimizing the recurrence or persistence of TTTS after 
selective LAPV.

  Materials and Methods 

 This study was a review of all severe TTTS cases treated by the 
ELDP technique at one center in Brazil (Professor José Aristodemo 
Pinotti Hospital, Center for Integral Assistance to Women’s 
Health, The State University of Campinas – UNICAMP) from Jan-
uary 2008 to April 2012 and two centers in Spain (Maternal-Fetal 
Medicine Unit, San Cecilio University Hospital and Virgen de las 

Nieves Hospital, Granada) from April 2007 to February 2012. The 
study was approved by the institutional review board of The State 
University of Campinas.

  The inclusion criteria for this study were monochorionic diam-
niotic twin pregnancies with severe TTTS (stages 2–4 in the clas-
sification by Quintero et al.  [19, 20] ) treated by ELDP in one of the 
above-mentioned centers; no fetal malformations detected by ul-
trasound before the intervention; a cervical length of at least 15 
mm (the 5th percentile according to To et al.  [21] ) before the pro-
cedure; the availability of neonatal hemoglobin levels and infants’ 
neurological outcomes.

  All interventions were performed by two surgeons (C.F.A.P. 
and F.S.M.), each with 7 years of experience in fetoscopic laser sur-
geries, after 2 years of training under the supervision of Prof. Ky-
pros Nicolaides at the Harris Birthright Research Centre for Fetal 
Medicine. After the administration of local or locoregional anes-
thesia, the procedures were performed using the following laser 
sources and fetoscopy sets: a diode laser source (Medilas D Skin-
Pulse or an Intermedic; Dornier MedTech, Wessling, Germany) at 
a power of 30–45 W, with a 1.2-mm semi-rigid fiberoptic endo-
scope (11530 AA; Karl Storz, Tuttlingen, Germany), straight 
sheaths for posterior placentas (11530 KA or 11530 KC; Karl 
Storz), curved sheaths for anterior placentas (11530 KB or 11530 
KC; Karl Storz), a trocar (11650 TG; Karl Storz) and a 10-Fr can-
nula (Performa; Cook,   Strombeek-Bever,   Belgium) for use with the 
11530 KC sheaths. The ELDP procedure was conducted as follows: 
the placental chorionic plate vessels through the amniotic cavity of 
the recipient fetus were initially mapped endoscopically; the vas-
cular equator (where the majority of arteriovenous anastomoses 
are expected to be) was identified; a line of ablation of the chori-
onic plate was created from one edge of the placenta to the other, 
including the arteriovenous anastomoses and vessels with un-
known courses (those crossing the inter-twin membrane from the 
recipient to the donor side and concealed behind the fixed twin). 
Caution was taken to preserve the vessels originating from and re-
turning to the same fetus, which were surrounded by this line of 
ablation ( fig. 1 ). The cauterization process was performed suffi-
ciently slowly to create a visible white line on the surface of the 
placenta. There was no predefined minimum distance from the 
line of coagulation to the vessels that needed to be preserved.

  At the end of the photocoagulation process, polyhydramnios 
fluid was drained through the fetoscopy sheath so that the deepest 
amniotic fluid pocket was <8 cm deep.

  The variables evaluated in this study were the gestational age 
(GA) and Quintero stage of the disease at the time of treatment; 
the position of the placenta; the time taken to perform the surger-
ies; the occurrence of reversal of the donor-recipient phenotype, 
persistence of TTTS or TAPS after the procedure; the occurrence 
of other early or late fetomaternal complications (before and after 
2 complete weeks following the interventions, respectively); the 
GA at delivery (after exclusion of patients who experienced a mis-
carriage or termination of pregnancy); the incidence of preterm 
birth (before 37, 32 or 28 complete weeks of gestation); the dis-
charge of either 1 or both live neonates from the hospital, and the 
overall survival rate and the incidence of neurological compromise 
among the survivors.

  The criteria for prenatal diagnosis of TAPS included an in-
creased middle cerebral artery peak systolic velocity >1.5 multiples 
of the median of reference ranges in the donor twin and a de-
creased middle cerebral artery peak systolic velocity (<0.8 multi-
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ples of the median) in the recipient twin  [12] . The criteria for post-
natal diagnosis of TAPS included an inter-twin hemoglobin dis-
crepancy of >8 g/dl within 24 h of delivery.

  The majority of deliveries occurred at the participating centers; 
however, data from all neonates and infants could be obtained. 
Infant’s neurological follow-up consisted of at least one examina-
tion by a neurologist. In Brazil, as part of a study protocol, all in-
fants had a complementary assessment by a physiotherapist, using 
the Bayley Scales of Infant and Toddler Development. In Spain, 
some of the infants had a complementary evaluation of the psycho-
motor and cognitive skills using the Brunet-Lezine test.

  Medians and ranges were used to describe continuous vari-
ables, and absolute and relative frequencies were calculated to de-
scribe categorical data. The Statistical Package for the Social Sci-
ences (SPSS, Inc., Chicago, Ill., USA), version 20.0, was used for 
the analyses.

  Results 

 The ELDP was performed in 76 patients with severe 
TTTS who met the entry criteria at a median GA of 21.4 
(15.9–27.9) weeks. Five patients were treated after 26 
complete weeks of gestation because the position of the 
placenta and the umbilical cords allowed a safe procedure 
to be performed; after counseling, the patients elected to 
undergo this procedure. As a component of the routine 
in all the centers in this study, serial amnioreduction or 
resolution of the pregnancy are offered as management 
options after 26 weeks of gestation, depending on the 
stage of the disease.

  According to the Quintero staging of TTTS, 30 (39.5%) 
cases were in stage 2, 42 (55.3%) were in stage 3, and 4 
(5.3%) in stage 4. The position of the placenta was pre-
dominantly posterior in 36 (47.4%) cases, predominantly 
anterior in 33 (43.4) cases and predominantly fundal or 
lateral in 7 (9.2%) cases. The median time of the surgery 
was 34 (15–56) min.

  In the period following surgery to delivery, there were 
no cases with evidence of persistence of TTTS, reversal of 
the donor-recipient phenotype or TAPS. The most seri-
ous early complication, occurring within 14 days of the 
intervention, was the death of the donor twin in 6 (7.9%) 
cases and of the recipient in 1 (1.3%) case. There were 2 
(2.6%) miscarriages and 1 (1.3%) termination of preg-
nancy after preterm premature rupture of membranes. 
Chorioamniotic separation and accidental septostomy 
were seen in 3 (3.9%) cases and in 1 (1.3%) case, respec-
tively. The most serious late complications were preterm 
premature rupture of membranes, which occurred in 12 
(15.8%) cases, and death of the previous donor twin in 1 
case (1.3%). 

  After exclusion of the patients who experienced mis-
carriage and termination of pregnancy, the median GA at 
delivery was 33.0 (23.6–37.7) weeks. The incidence of 
preterm birth before 37, 32 and 28 complete weeks was 
91.8% (67/73), 41.1% (30/73) and 5.5% (4/73), respective-
ly. Among deliveries that occurred before 28 weeks, 75% 
(3/4) were prompted by rupture of membranes.

  Discharge from the hospital of at least 1 or 2 live ne-
onates was 88.2% (67/76) and 71.1% (54/76), respec-
tively, and the overall survival rate was 79.6% (121/152). 
Follow-up of all survivors at a median age of 12.0 (3.0–
44.0) months demonstrated evidence of neurodevelop-
mental delay in 17 (17/121 = 14.0%) children. A com-
plete neurological assessment (examination by a neu-
rologist and a complementary evaluation of the psy-
chomotor and cognitive skills using the Bayley Scales of 
Infant and Toddler Development or the Brunet-Lezine 
test) was accomplished in 85 (85/121 = 70.0%) infants. 
36 (36/121 = 30.0%) children were evaluated only by a 
neurologist.

a b

  Fig. 1.  Illustration representing two tech-
niques for the LAPV: ( a ) separation of the 
fetoplacental vascular territories and dicho-
rionization of the placenta and ( b ) selective 
LAPV. D = Donor twin; R = recipient twin; 
1 = arteriovenous anastomoses from the 
donor to the recipient twin; 2 = arteriove-
nous anastomoses from the recipient to the 
donor twin; 3 = arterioarterial and venove-
nous anastomoses; 4 = the line of ablation 
of the chorionic surface of the placenta 
joining sites 1–3. Black arrows indicate the 
insertion of the inter-twin membrane on 
the chorionic plate of the placenta. 
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  Discussion 

 We described the results of a laser technique, in which 
the communicating inter-twin vessels are separated at the 
vascular equator and the placenta is dichorionized, for 
the treatment of severe TTTS. Endoscopic laser coagula-
tion of placental vessels offers a minimally invasive ap-
proach for the treatment of TTTS. This approach has 
been shown to be superior to the alternative therapy of 
amnioreduction  [1–4] .

  The evolution of laser surgery to treat TTTS over the 
last 20 years and the increasing experience of fetal medi-
cine specialists have gradually helped to improve the peri-
natal outcomes of this disease. The first widely used 
method was non-selective ablation of all vessels crossing 
the inter-twin membrane, as initially described by Ville et 
al.  [6] . According to their preliminary results, the proce-
dure was successfully performed in 45 cases and led to a 
survival to delivery rate of 71% for at least 1 twin, a total 
survival rate of 53% and a median GA at delivery of 35 
weeks. A few years later, Quintero et al.  [7, 8]  developed 
the selective technique and demonstrated a trend toward 
a lower rate of dual fetal intrauterine demise compared 
with the method of Ville et al.  [6]  (5.6 vs. 22%, p = 0.05). 
Subsequently, a sequential selective technique was shown 
to improve the survival of both twins compared with the 
conventional selective approach (73.7 vs. 57.1%, respec-
tively; p = 0.02), due to a decrease in the intrauterine 
death rate of the donor fetus  [9] .

  Stirnemann et al.  [13]  proposed that it is possible that 
an ideal selective procedure could not be achieved in ev-
ery case and that most interventions are actually a com-
bination of selective and non-selective coagulations. 
These authors introduced an index of selectivity to de-
scribe the proportion and total number of each type of 
cauterization in each surgery and noticed that highly se-
lective procedures appeared to be associated with better 
survival rates of at least 1 or both twins at 28 days after 
birth.

  In the present study, we described the results of a tech-
nique that may be misinterpreted as a non-selective or a 
selective approach. However, the ELDP procedure is 
characterized by ablation of communicating vessels at the 
vascular equator of the placenta (where the arteriovenous 
anastomoses are) rather than at the inter-twin mem-
brane. This is followed by complementary laser coagula-
tion of the intervening placental tissue to achieve dicho-
rionization of the monochorionic pregnancy. During the 
procedure, caution is taken to preserve the vessels origi-
nating from and returning to the same fetus.

  The ELDP procedure has been performed at the Harris 
Birthright Research Centre for Fetal Medicine since 2000. 
It is possible that Prof. Nicolaides was the first to idealize 
it and to apply it routinely in his cases. More recently, the 
same technique received a different label (Solomon tech-
nique), which generated the setting up of the Solomon 
trial to determine whether its results are superior to those 
obtained with the selective LAPV.

  The ELDP procedure was proposed to minimize the 
chances of post-procedure complications, such as a rever-
sal of the donor-recipient phenotype and continuation of 
TTTS. In fact, none of our patients experienced these ad-
verse outcomes or TAPS, while reported incidences of 
such complications following selective laser surgery range 
from 2 to 14% (persistence of TTTS) and from 2 to 13% 
(TAPS), depending on the surgeon’s experience  [11–18, 
22] . Because all of these complications result from a fail-
ure to identify and coagulate communicating vessels be-
tween the twins, it might be reasonable to treat them all 
as a single variable. By doing so, we would expect to have 
in our study at least 3 cases of either persistence of TTTS 
or TAPS.

  In our series, the survival to hospital discharge of at 
least 1 (88.2%) or both twins (71.1%), as well as the over-
all survival rate (79.6%), were similar to results available 
in the literature. Concerning the selective technique and 
its variations, the reported survival rates of at least 1 twin 
range from 76 to 88%, with an overall survival rate of ap-
proximately 77%.

  Pediatric follow-up of our surviving twins at a median 
age of 12 months demonstrated evidence of neurodevel-
opmental delay in 17 (17/121 = 14.0%) children. Previous 
studies have reported incidences of severe neurological 
impairment at 2–5 years of age ranging from 13 to 17% 
and have reported incidences of cerebral palsy ranging 
from 6 to 7%  [16, 22–24] .

  The major limitation of our study is its retrospective 
nature, which can be overcome by a randomized con-
trolled trial. Another weakness is that no ex vivo placental 
examination was performed for the detection of residual 
anastomoses. A positive contribution was the demonstra-
tion that the ELDP procedure is associated with a low risk 
of persistence or recurrence of TTTS and TAPS following 
endoscopic laser surgery.
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