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Abstract

Introduction

Twin-twin transfusion syndrome (TTTS) is a devastating complication of 

monochorionic twin pregnancy and remains a major challenge for worldwide 

fetal medicine specialists. In TTTS, intertwin transfusion through vascular 

anastomoses in the shared placenta leads to severe hemodynamic imbalance. 

This review summarizes the current knowledge of TTTS.

Areas covered

The most recent insights concerning the management of TTTS, as well as 

fetal and neonatal complications are described. Relevant articles were selected 

based on a Pubmed search using the keywords below. Understanding of  

the underlying pathophysiology has improved greatly as a result of placental 

injection studies. Advancements in antenatal management have led to increased 

perinatal survival and a decreased incidence of neonatal complications, 

including brain injury and neurodevelopmental impairment.

Expert opinion

Further opportunities for improvement comprise technological innovations  

in laser procedures and the prevention of preterm rupture of membranes with 

subsequent prematurity. A noninvasive treatment such as high-intensity 

focused ultrasound (HIFU) seems to hold promise for the future treatment of 

TTTS. Fetal MRI studies are important to improve our understanding of fetal 

brain injury and should relate their findings to long-term neurodevelopment. 

International collaboration and centralization of care are of paramount 

importance to ensure the best care for our patients.

Keywords

Laser surgery; neurodevelopment; outcome; monochorionic twins; twin-twin 

transfusion syndrome
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Introduction

Twins are at increased risk of perinatal death and long-term neurologic 

morbidity, and this risk is highest for monochorionic (MC) twins.(1-3) A large 

part of the increased risk for MC twins is attributable to twin-twin transfusion 

syndrome (TTTS). TTTS is one of the most lethal conditions in fetal medicine 

and remains a major challenge for obstetricians and neonatologists across 

the world.(4, 5) The implementation of strict protocols for the management of 

MC twin pregnancies have increased the opportunity for early diagnosis and 

timely management of TTTS.(6, 7) The management of this devastating 

disease has advanced considerably since the introduction of fetoscopic laser 

surgery in the 1990s, leading to increased perinatal survival and more 

favorable neonatal and long-term outcomes.(8, 9)

	 TTTS results from an unbalanced blood flow through placental vascular 

anastomoses connecting the two fetal circulations. These vascular anastomoses 

in the shared placenta are present in virtually all monochorionic (MC) twin 

pregnancies, but only in about 10% lead to TTTS. The net transfusion of blood is 

at the expense of the so-called donor twin, who becomes hypovolemic and 

anemic, whereas the recipient twin becomes hypervolemic and polycythemic. 

This leads to the quick development of a significant discordance in amniotic 

fluid volume between the twins, described as twin polyhydramnios-oligo

hydramnios sequence (TOPS). Hormonal dysregulation has been implicated  

to play a role in the further development of the syndrome.(10, 11) TOPS can  

be detected with prenatal ultrasound and is the hallmark of TTTS diagnosis. 

TTTS is staged using the criteria of Quintero, ranging from stage I disease 

characterized by TOPS with the donor’s bladder still visible, to stage V in 

which there is fetal demise of one or both twins.(12, 13) The current review 

aims to summarize the knowledge gained in the last decade, its main focus 

being on pathophysiology, antenatal management, fetal and neonatal brain 

injury as well as long-term neurodevelopment after TTTS.

Literature search
Relevant papers were selected based on a Pubmed search of articles published 

after 2009, using combinations of the following search terms: twin-twin 

transfusion, laser, outcome, brain injury and neurodevelopment. Relevant 

literature references of the selected articles were identified and used for 

historic perspective in a few cases. 
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Placental injection studies 

Although the exact mechanism by which TTTS develops is still poorly 

understood, placental injection studies using colored dye have much 

improved our knowledge of MC placentas in the past decade.(14-16) Vascular 

anastomoses in MC placentas are either arterio-arterial (AA), arterio-venous 

(AV) or veno-venous (VV) in nature. Injection studies were able to show a 

relationship between the type, number and size of placental anastomoses 

and the risk of developing TTTS and other MC pregnancy complications. 

TTTS placentas have significantly fewer AA anastomoses compared to 

uncomplicated MC placentas.(15, 17) AA anastomoses allow for bidirectional 

flow of blood, compensating for any imbalance in inter-twin blood volume 

caused by AV anastomoses, hereby reducing, but not eliminating, the risk of 

TTTS.

	 Placental injection studies have played an important role in the discovery 

of another form of inter-twin transfusion in MC pregnancy termed twin 

anemia-polycythemia sequence (TAPS).(18) Like TTTS, TAPS results from 

unbalanced blood flow through placental anastomoses. However, because TAPS 

is characterized by the presence of only very small anastomoses, transfusion 

in TAPS is much slower, allowing time for hemodynamic compensatory 

mechanisms to take effect and thus preventing the development of hypo- 

volemia in the donor and hypervolemia in the recipient. Therefore, the essential 

difference between TTTS and TAPS is the absence of oligohydramnios/

polyhydramnios in TAPS.(19, 20) TAPS can be diagnosed antenatally by 

measurement of the middle cerebral artery peak systolic velocity (MCA-PSV) 

in both twins. In a recent study, it was shown that the difference in MCA-PSV 

between the donor and recipient is the most accurate predictor of postnatal 

TAPS with high sensitivity (83%) and specificity (100%). Based on these 

findings, a new antenatal classification system was proposed using a delta 

MCA-PSV of > 0.5 multiples of the median (MoM) as criterion for Stage 1 TAPS. 

Postnatally, TAPS is present when the intertwin hemoglobin difference is  

> 8 g/dL, combined with either a reticulocyte count ratio > 1.7 or the presence 

of only very small (< 1 mm) placental anastomoses.(21) TAPS can occur 

spontaneously (3-5% of MC pregnancies) or after laser for TTTS.(22) 
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Antenatal management of TTTS

Before the development of fetoscopic laser surgery, antenatal treatment in 

TTTS was mainly based on serial amnioreduction to reduce polyhydramnios 

and the consequent risk of preterm delivery.(4) However, short and long-term 

outcome after serial amnioreduction were poor. Perinatal survival rates 

usually did not exceed 50% and the risk of neurodevelopmental injury in 

survivors was high, up to 25%.(23-26)

Fetoscopic laser surgery 
Fetoscopic laser surgery is now considered the best available treatment for 

advanced stages (Quintero stage ≥ 2) TTTS.(24, 27-30) The technique using a 

fetoscopic laser to disrupt blood flow through the vascular communications 

was developed in the 1980s and it soon became clear that this therapy would 

become a ‘game changer’ in the field of TTTS.(31) In contrast to serial 

amnioreduction, laser surgery is the only causative treatment, aiming to stop 

the intertwin fetal transfusion process. The first laser procedures were performed 

under general anesthesia and required laparotomy and hysterotomy for 

introduction of the endoscope, followed by laser photocoagulation. Since 

then, many developments have taken place. Laser technique has evolved 

from so-called ‘non-selective’ ablation of all vessels at the chorionic surface 

close to the intertwin membrane, to the selective technique in which the goal 

is to only coagulate anastomotic vessels at the vascular equator.(29, 32-35)  

In TTTS, the vascular equator is at some distance from the intertwin  

membrane due to the discordant amniotic fluid volumes between the twins. 

Laser surgery in TTTS is now minimally invasive, usually with local or regional 

anesthesia and percutaneous fetoscopy under continuous ultrasound guidance, 

thereby minimizing the risk of maternal complications.(36) Whether laser 

treatment is the best option for stage I TTTS is uncertain, as different groups 

have reported different results.(37) A multicenter RCT of stage I disease has 

recently been carried out and the results will hopefully answer this important 

question. 

	 Figure 1 illustrates how a laser procedure is performed in a case of TTTS.

Sequential selective laser surgery 
In 2007, Quintero and colleagues described a laser technique in which they 

choose to target the anastomoses in a specific order based on the physiological 

assumption that further hemodynamic shifts during the laser procedure 

might contribute to post-laser fetal demise, especially of the donor. They 

called this technique the sequential selective laser photocoagulation of 
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communicating vessels and reported positive results in terms of post-laser 

IUFD and dual survival rates.(38) A systematic review in 2015 concluded that 

although data from three cohort studies suggest that dual survival was higher 

(75% versus 52%) and fetal demise rates were lower after sequential selective 

laser as compared to standard selective laser surgery, these results must be 

interpreted with caution, as no randomized controlled trials (RCT) were done 

and the three included studies had a high risk of bias due to methodological 

limitations.(39)

Solomon technique
Placental injection studies after laser therapy have revealed that residual 

anastomoses are present in over 30% of placentas.(40, 41) Residual anastomoses 

can cause post-laser TAPS or recurrence of TTTS and these complications are 

linked to adverse fetal, neonatal and long-term outcomes.(42, 43) To minimize 

the risk of residual anastomoses, a new laser technique was developed, designed 

Figure 1. Realistic depiction of a modern-time laser procedure under ultrasound 

guidance. 

Courtesy of Amanda Gautier.
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to coagulate the entire vascular equator. This technique was termed the 

“Solomon technique” after the biblical story of King Solomon who, in order to 

determine which one of two women was its real mother, suggested to cut a 

baby in half, after which the true mother begged that the child would be 

spared and committed to the care of her rival. Obviously, the Solomon 

technique does not entail splitting a baby in half. It is a modification of the 

selective laser technique, in which a line is drawn with the laser from one 

edge of the placenta to the other following the vascular equator, connecting 

the anastomoses that were first coagulated using the selective technique.  

The effect is a functional ‘dichorionization’ of the placenta. The Solomon  

trial, an RCT comparing the standard selective laser technique to the Solomon 

technique, showed a significant reduction in post-laser TAPS and recurrence 

of TTTS from 16% and 7% with the selective technique to 3% and 1% with the 

Solomon technique, respectively.(44) A secondary analysis showed that the 

Solomon technique does indeed reduce the risk of residual anastomoses, but 

they still occur, even when the procedure is recorded to be complete by the 

fetal therapist. Therefore, Slaghekke and her colleagues conclude that careful 

follow-up of the pregnancy remains essential also after Solomon laser.(41)

Survival
In 2015, Akkermans and colleagues systematically reviewed all published 

reports on survival after fetoscopic laser surgery for TTTS over 25 years and 

found that perinatal survival improved significantly during this time. The 

mean survival of both twins increased from 31% in reports dating from 1990 

to 1995, to 62% in reports published between 2011 and 2014. Survival of at least 

one twin increased from 70 to 88%.(8) This study also shows a significant 

improvement in double survival with the more recently developed sequential 

selective (64%) and Solomon laser technique (71%) compared to the older 

techniques. The authors argue that improved survival is likely to be multi

factorial and could be the result of evolution in laser technique, a learning curve 

effect for fetal surgeons, and improvements in referral as well as neonatal care. 

Complications of fetoscopic laser surgery
The most important complications after laser surgery are fetal demise and 

preterm prelabor rupture of the membranes (PPROM).(36, 45) Fetal demise 

rates are often not reported separately but comprise some combination of 

fetal demise in utero, miscarriage and selective feticide. In studies that do 

report the rate of fetal demise after laser, it occurs in 13 to 33% of cases. Some 

series report higher rates of fetal loss for donors than recipients.(46-49) 

Although gestational age at birth for TTTS pregnancies has become significantly 
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higher since the introduction of laser therapy, most series report mean 

gestational ages at birth to be around 32 weeks.(9) The fact that TTTS infants 

are still born prematurely is mostly due to PPROM after laser surgery. Iatrogenic 

PPROM occurs in up to 30% of cases.(50, 51) Maternal complications of laser 

surgery are also not consistently reported, but appear to occur in about 5%  

of cases and include abdominal pain after leakage of amniotic fluid into  

the peritoneal cavity, chorioamnionitis, bleeding, pulmonary edema and 

placental abruption.(45)

Neonatal outcome 

As the majority of TTTS survivors are still born prematurely, TTTS neonates 

are at risk for morbidity associated with prematurity, including respiratory 

disease, necrotizing enterocolitis, retinopathy of prematurity and cerebral 

injury.(52, 53) Additionally, specific TTTS-related neonatal complications 

include cardiovascular morbidity, renal failure and hematologic disorders.

(53-55) The risk of congenital heart disease is increased 12-fold in TTTS 

survivors compared to singletons and is attributed to severe fetal hemodynamic 

instability, leading to altered cardiac development.(56) Although fetal cardiac 

functional and/or structural abnormalities improve after successful laser 

surgery, they can persist beyond birth and sometimes require intervention. 

Cardiovascular complications are primarily seen in the recipient twin  

and include hypertension, cardiomyopathy, right ventricular outflow tract 

obstruction (which affects about 4% of recipients at birth) and persistent 

pulmonary hypertension of the newborn.(56, 57) However, donors may be  

at increased risk for aortic coarctation, possibly due to reduced flow caused  

by hypovolemia.(58)

	 The most important and dreaded complication in TTTS survivors is 

cerebral injury, as it may have profound and lifelong impact on these infants.

Cerebral injury
Brain injury is a feared complication of MC pregnancies in general and of 

TTTS in particular. It is caused by the presence of vascular anastomoses and 

inter-twin transfusion. The risk is highest for single survivors after intrauterine 

demise of their co-twin, which can cause severe hypovolemia and anemia 

due to the acute transfer of blood from the surviving fetus into their dying  

or dead sibling through patent vascular connections.(59-61) Laser surgery 

performed before fetal demise is protective of cerebral injury, provided that 

the surgery is complete and no anastomoses were missed. The incidence of 
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cerebral injury in TTTS has dropped considerably since the introduction of 

laser therapy and reported ranges are now between 2 and 18%.(24, 25, 27, 

62-66) In our own center, the incidence has decreased since the start of our 

laser surgery program in 2000 from 14% in the first five years, to 6% in the 

most recently studied cohort treated between 2011 and 2014.(48, 67) Various 

reasons have been suggested to explain the decrease in brain injury, including 

improvement in laser technique and a learning curve effect, both associated 

with a decrease in residual anastomoses. In a large cohort of 1023 TTTS 

pregnancies, postoperative TAPS and recurrence of TTTS after laser, both 

known to be caused by residual anastomoses, were associated with an 

increased risk of cerebral injury.(16, 42)

	 Several types of cerebral injury have been described in the literature, including 

(cystic) periventricular leukomalacia (PVL), intraventricular hemorrhage (IVH), 

posthemorrhagic ventricular dilatation, cerebral atrophy and arterial ischemic 

stroke. Fetal and neonatal MRI studies have shed more light on brain 

abnormalities detected in TTTS in the last decade. Several studies have 

reported additional findings of MRI compared to ultrasonography alone, 

including polymicrogyria and other migrational disorders, sinovenous 

thrombosis, and more subtle and/or diffuse white matter injury.(42, 64, 68-71) 

Donors and recipients are equally affected by cerebral injury, although the 

occurrence of cerebral arterial stroke seems to be a specific risk for recipients.

(42, 62, 72) The range of cerebral injury reported by different groups is quite 

wide. This is due to varying definitions of cerebral injury, differences in the 

timing and frequency of imaging, and the fact that some centers do not 

routinely perform cranial imaging in all TTTS survivors.

	 Prematurity is still more the rule than the exception in TTTS pregnancies, 

making survivors also prone to postnatally acquired cerebral damage related 

to (extreme) prematurity, especially IVH and PVL. Prematurity and low birth 

weight (with birth weight being strongly correlated with gestational age) have 

in fact been proven to be the most important risk factors for severe cerebral 

injuries in survivors of TTTS.(62, 66) Reduction of severe prematurity in TTTS 

could hypothetically be achieved by reduction of the risk of PPROM and 

intrauterine infection through further technical improvements in fetoscopic 

surgery (for example by developing smaller fetoscopic instruments). Besides 

postnatal brain injury caused by prematurity, antenatally acquired cerebral 

lesions are more common in the context of TTTS compared to dichorionic 

twins, presumably because of the severe hemodynamic disturbances during 

pregnancy.(62) When antenatal in origin, cerebral injury in donors is thought 

to be mainly caused by impaired cerebral perfusion as the result of hypo- 

volemia and inter-twin shifts of blood, leading to hypoxic-ischemic insults. 
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Polycythemia and hyperviscosity with subsequent vascular sludging is the 

presumed mechanism for cerebral injury in recipients.

	 Given the remaining risk of cerebral injury for TTTS survivors, routine 

standardized antenatal and postnatal cerebral imaging protocols are strongly 

recommended to accurately evaluate origin, timing and type of damage. MRI 

may play a larger role in determining cerebral injury in the future. Increased 

awareness of the increased risk by neonatologists and pediatricians may 

improve neonatal and pediatric care for these children. The clinical relevance 

of neuroimaging findings should be determined using long-term neuro

developmental outcome data of all TTTS survivors until at least school age.

Long-term outcome

Definition and incidence
The ultimate goal of fetal therapy should be survival without neurodevelop-

mental impairment (NDI). Especially now that survival rates and short-term 

outcome have greatly improved, long-term follow-up of survivors is essential 

to evaluate whether this goal is achieved.(46, 73) Severe NDI in most studies is 

defined as at least one of the following: cerebral palsy (CP), severe motor and/

or cognitive developmental delay, bilateral blindness, or deafness requiring 

amplification with hearing aids. Determining NDI requires a follow-up 

regimen that includes a physical and neurological examination, as well as 

cognitive and motor developmental assessments. Psychomotor development 

is ideally evaluated using standardized tests, such as the Bayley Scales for 

Infant and Toddler Development. However, several studies rely on the parent 

interview-based Ages and Stages Questionnaire (ASQ) for the evaluation of 

NDI. The ASQ has been shown to be a good screening tool for identifying 

infants who are severely delayed at 24 months of age and require neurological 

follow-up or intervention, but it cannot give the detailed information provided  

by face-to-face developmental tests performed by trained professionals.(74)

	 When combining studies that have clearly reported rates of NDI and/or CP 

after laser surgery at ≥ 2 years of age, the incidence of severe NDI in TTTS 

after laser surgery is 9% (range between 3 and 18%) and CP is reported at an 

average of 5% (range 2-12%). The results of these studies are summarized  

in table 1. The incidences of severe NDI and CP have decreased over the last 

two decades. Different factors may explain this improvement, including  

the development of stringent fetal monitoring protocols for MC pregnancies, 

learning curve effect of the laser procedure, increased awareness and 

improved neonatal care strategies for TTTS survivors.(7, 75) T
ab
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Risk factors
Risk factors for long-term NDI identified in follow-up studies include 

advanced gestational age at laser surgery, Quintero stage, low gestational  

age at birth, low birth weight and severe cerebral injury.(48, 63, 79, 85, 86)  

The negative impact of advanced gestational age at laser and higher Quintero 

stage suggests that increasing disease severity may lead to increased long- 

term morbidity. Low gestational age and birth weight are well-recognized risk 

factors for developmental impairment in the general population as well: 

severe NDI is frequently found in children born preterm and is inversely 

associated with gestational age and birth weight. 

Mild neurodevelopmental impairment 
Long-term follow-up studies after TTTS have used widely varying methods 

with regard to inclusion criteria, timing of assessments, the definition of NDI 

and the used outcome measures and controls, making it difficult to compare 

results. Significant lost to follow-up rates are common amongst long-term 

follow-up studies and have the potential to cause bias, most likely causing an 

underestimation of developmental impairment.(87, 88) In the majority of 

studies children were assessed at the age of two years, adjusted for prematurity, 

when major developmental impairment that requires intervention can be 

distinguished. However, neurodevelopmental assessment during early childhood 

can only moderately predict longer-term developmental outcome, especially 

for cognitive ability and academic performance. Certain developmental problems 

such as learning difficulties, behavioral problems and autism spectrum 

disorder are not always detected until school age, when children become 

more socially and academically challenged. To understand the clinical relevance 

of milder forms of impairment diagnosed in early childhood, follow-up until 

at least school age is essential. Data on mild neurodevelopmental impairment 

are limited and inconsistent. However, because of the decreasing trend in the 

rate of severe NDI, attention is shifting towards more subtle problems, 

including mild CP and neurocognitive impairments. Minor impairments can 

have a significant impact on the care and educational requirements of children 

and are reported in up to 30% of TTTS survivors. (25, 47, 48, 77, 89, 90) In order 

to gain more information on the exact burden and severity of NDI after  

laser surgery for TTTS, we encourage international collaboration to obtain 

larger sample sizes and statistical power, using a standardized follow-up 

regimen including uniform and clearly defined criteria for long-term neuro

developmental impairment.(91)
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Conclusion

The management of TTTS has evolved significantly in the 21st century. 

Placental injection studies have improved our understanding of underlying 

placental pathophysiology. Fetoscopic laser coagulation of placental anastomoses 

is the primary treatment option and many advancements have been made 

over the past decade. Laser surgery using the Solomon technique has been 

proven to decrease the risk of post-laser TAPS and recurrence of TTTS. 

The advancements in antenatal management of TTTS have led to improved 

survival, higher gestational ages at birth, a lower incidence of neonatal brain 

injury and a decrease in severe long-term neurodevelopmental impairment.

Expert Opinion

Although the outcome of TTTS has improved greatly over the past decades, 

opportunities for further progress certainly still exist. The ultimate goals in 

the field of TTTS include prompt diagnosis or even better, accurate prediction 

of development of the syndrome, followed by a preferably non-invasive 

treatment with minimal complications. This treatment should achieve quick 

normalization of hemodynamic imbalance, minimizing any damage to the 

fetuses, without increasing the risk of PPROM and prematurity. The final goal 

for every TTTS pregnancy is (near-) term birth of two healthy neonates with 

normal long-term cognitive and motor development. 

	 There is still a lot of ground to cover before these goals can be achieved. 

High-intensity focused ultrasound (HIFU) is a non-invasive technique which 

can be used to ablate blood flow in placental vessels, and therefore holds 

promise for the future treatment of TTTS. Although some preliminary 

experience with HIFU has been reported in animals as well as human cases 

of twin reversed arterial perfusion sequence (TRAP), safety and efficacy in 

humans with TTTS remains to be established.(92, 93) In the meantime, 

technological innovations may be able to further improve visibility and 

accessibility of the vascular equator during laser procedures. The further 

development of instrumentation aimed at minimizing the risk of PPROM 

after laser surgery is another important focus of research in future years, 

hopefully helping to prolong pregnancies further beyond 32 weeks’ gestation 

and thereby minimizing the risks associated with preterm birth. Also, as the 

severity of placental damage after laser surgery is associated with PPROM and 

earlier delivery, the further fine-tuning of laser technique using minimal 

energy but obtaining maximum effect can certainly contribute to even better 

perinatal outcome.
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	 With concern to the neonatal outcome of TTTS survivors, fetal MRI studies 

have begun to shed more light on the timing and mechanisms of fetal brain 

injury in TTTS, but studies that link prenatal MRI findings to long-term neuro

development are still lacking. Knowledge on long-term development beyond 

the age of 2 years is also very limited, especially concerning potential risk 

factors for adverse outcome and mild neurodevelopmental impairment. 

Although follow-up programs are costly and hard to realize, TTTS remains a 

serious risk factor for NDI. In our opinion, the treatment of fetuses in utero 

comes with the responsibility of providing careful and long-term follow-up of 

survivors until at least school age, in order to ensure that they will receive the 

care they need, if they need it. Long-term follow-up studies are indispensable 

for the continuous evaluation of the outcome of fetal therapy in TTTS 

pregnancies, as well as for the facilitation of evidence-based counseling of 

future parents. The formation of a core outcome set by a group of international 

experts is an important step in the joining of forces to help TTTS fetuses 

survive without complications, by making it possible to compare and 

combine research results. As briefly discussed in our review, severe fetal 

hemodynamic changes in TTTS can interfere with cardiac development 

leading to both functional and structural cardiac abnormalities. Follow-up 

studies of these cardiac changes are still very limited, but are essential for 

determining the need for cardiac screening and long-term monitoring in 

TTTS survivors, as well as for the counseling of parents about the prognosis of 

their children. 

	 Lastly, an important issue to address is the need for centralization of 

treatment for TTTS in high-output fetal therapy centers. Following the 

advancements of laser treatment, there is an increasing number of small 

centers starting up fetal therapy programs in different countries. However, 

centralization has proven to be vital for the quality of care in a highly technical 

procedure such as fetoscopic laser surgery.(94) The best possible care can 

only be realized in highly specialized centers with dedicated and experienced 

multidisciplinary teams, ideally comprising fetal therapists, neonatologists 

and psychologists and in collaboration with twin parents’ organizations. 
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