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Chapterr  1 

Generall  Introduction , Aim and Outline of the Thesis 
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INTRODUCTIO N N 

Twin-Twi nn Transfusion Syndrome: 
Thee twin-twin transfusion syndrome (TITS) is the pathological form of the circulatory 
imbalancee that develops in about 15% of monochorionic twin fetuses (Sebire et al. 1997). In 
thiss syndrome, the placental vascular anastomoses cause a gradual net transfusion of blood 
fromm one twin (the donor) to the other (the recipient), which increases to a greater degree than 
fetall  growth of each twin (van Gemert and Sterenborg, 1998). Symptoms of TTTS can 
developp within two to three weeks (Elliott et al, 1991). Hypervolaemia, polyuria and 
polyhydramnioss (Fig. 1) is characteristic of the recipient, which often develops circulatory 
volumee overload which may be followed by congestive heart failure. Hypovolemia, oliguria 
andd oligohydramnios typically develop in the donor twin, and may result in the 'stuck twin' 
phenomenonn and growth retardation (Fig 1). Hypoproteinaemia and anaemia may develop in 
thee mother during mid-pregnancy (De Lia et al, 2000). When TTTS remains untreated, 
miscarriagee and intrauterine fetal death are responsible for high mortality rates. Premature 
survivorss from such pregnancies are likely to be seriously ill , and therefore carry a high risk 
off  developing severe perinatal and long-term neurological morbidity. 

Fig.. 1. Schematic picture of the twin-twin 
transfusionn syndrome. Fetus "a" the recipient and 
largestt of the twins, is surrounded by 
polyhydramnios,, fillin g the whole uterine cavity. 
Ass a result, the intertwin septum has been pushed 
too the uterine wall, and the donor twin "b" has 
becomee stuck in its membranes, and is so 
immobilized.. The picture is adapted with 
permissionn from Fig. 1 of Saade et al Fetal Diagn 
Therr 1998; 13:86-93. 

Prenatall  diagnosis of TTTS is by ultrasonography and is based on the visualisation of one 
monochorionicc placental mass, a thin intertwin septum, oligo- or anhydramnios (stuck twin) 
inn the donor, and polyhydramnios in the recipient. 

Placentall  vascular  anastomoses 
Thee anastomoses can be of two types (Fig. 2). First, superficial arterioarterial (AA) or (less 
frequently)) venovenous (VV) anastomoses are located on the chorionic plate and are direct 
connectionss between the chorionic arteries or veins of both twins. Fetofetal transfusion along 
superficiall  anastomoses can be in either direction and is driven by the direction of arterial or 
venouss pressure gradients between the twins. Second, arteriovenous (AV) anastomoses occur 
att the capillary level deep within a joint cotyledon, where arterial supply and venous drainage 
are,, respectively, by a chorionic artery from the donor and a chorionic vein to the recipient. 
Thesee vessels penetrate through the same foramen of the cotyledon (Benirschke and 
Kaufmann,, 1995). AV fetofetal transfusion is unidirectional, from the donor's arterial to the 

placenta a 
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Kent'ss venous circulation. Therefore, it may cause an imbalance between the fetoplacental 
Fig.. 2. Example of a monochorionic placenta 
wheree TTTS did not develop. Two girls were 
deliveredd of 2,600 (left velamentous umbilical 
cord)) and 3,110 (central cord) grams by 
caesariann section at 38 weeks gestation. The 
arteriess were injected with blue and the veins 
withh yellow dyes. The arterioarterial (AA) and 
venovenouss ( W) anastomoses protected 
againstt discordant fetal and amniotic 
developmentt of the arteriovenous (AV) 
connectionn from central to velamentous cord. 
Strongg unequal placental sharing, of 0.2 to 0.8 
occurred,, which contributed to the discordant 
weightss of the babies. 

circulationss of the twins, which may lead to TTTS (Umur et al, 2001a) unless an oppositely 
directedd transfusion by other deep or superficial anastomoses provides adequate 
haemodynamicc compensation. 

Severityy of TTT S 
Itt is currently believed that the circulatory imbalance which develops between the twins has a 
continuouss spectrum of severity (van Gemert et al, 2001). This follows from the competition 
inn haemodynamic capacity between the primary AV that causes the imbalance and the other 
compensatoryy anastomoses that mitigate the imbalance. Consequently, although the TTTS 
oligo-- polyhydramnios sequence is at the severe side of the spectrum, it is just an arbitrary 
phasee in the development of circulatory imbalance. More severe forms of TTTS may 
demonstratee absent fetal bladder fillin g in the donor, cardiac hypertrophy, tricuspid 
insufficiencyy and hydrops in the recipient. Quintero et al (1999) categorized five classes of 
severityy for TTTS staging. Obviously, all showed the TTTS oligo- polyhydramnios sequence. 
Classs I, the mildest form of TTTS, still includes bladder fillin g in the donor twin but no 
furtherr complications. Class II lacks bladder fillin g in the donor twin. Class m included 
additionaladditional pathological Doppler signals of one or both twins. Class IV included hydrops of 
onee or both twins and class V the demise of one or both twins. It is obvious that Quintero's 
stagingg is just a picture at a given moment in time, and cannot provide early prognosis for the 
finall  stage of severity. 

Managementt  of TTTS: 
Amnioreduction:Amnioreduction: Amnioreduction, is the removal of excess amniotic fluid from recipient's 
sac.. The removed volume can vary from 500 ml to several liters, reducing the excess amniotic 
fluidd pressure, at least preventing premature rupture of membranes and preterm labor. This is 
aa simple procedure and only requires commonly available skills and equipment. It has a 
procedurall  risk of about 4% per intervention, and requires frequently (in about 80%) more 
thann one intervention, on average three (Hecher et al, 1999). Reported perinatal survival rates 
varyy from 15 to 83%, but the literature data on 461 TTTS cases treated by amnioreduction 
beforee 26 weeks gestation showed a 57% survival rate (from van Gemert et al, 2001). 
Recently,, it has been suggested that perinatal survival rate can be increased with the 
introductionn of an early, rapid and radical amnioreduction (Jauniaux et al, 2001). Milder 
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TTTSS cases, i.e., those of class I of Quintero's classification, may have a better survival 
(Duncombee et al, 2001). Serious neurological sequelae occur in about 16%. 
Septostomy:Septostomy: This procedure consists of purposely disrupting the dividing membrane between 
thee fetuses. This results in equalization of the fluid volumes between the sacs. Artificial 
normalizationn of the fluid volumes with septostomy does not change the volume of blood that 
eachh of the fetuses receives. Moreover, the disruption of the membranes may lead to death of 
thee fetuses from cord entanglement (Gilbert et al, 1991). Insufficient clinical data are 
availablee to assess the method's efficacy. Saade et al (1998) reported a success rate of 20/24, 
inn 12 pregnancies. Hubinot et al (Hubinot, 1996) reported in three cases a survival rate of 4/6. 
However,, other cases showed failure of unintentional septostomy (e.g., Suzuki et al, 1999; 
Pistoriouss et al, 1999). 
LaserLaser therapy: Fetoscopic laser occlusion of all anastomoses (De Lia 1999, Hecher 2000) 
alongg the placental vascular equator is the causal therapy of TTTS, because placental 
anastomosess cause the oligo-polyhydramnios sequence of TTTS. This resulted in a 66% to 
69%% overall survival, and at least one survivor in 82% of twins treated before 26 weeks 
gestation.. Severe neurological sequelae have been reported in 5% of survivors. Reoccurrence 
off  polyhydramnios was reported in 6%. These results are significantly better than the results 
fromm the literature of amnioreduction before 26 weeks gestation (from van Gemert et al, 
2001). . 

Mathematicall  models: 
Twoo mathematical models of the syndrome were already developed. The first model (van 
Gemertt et al, 1998) related the growth discordance developing between the twins with 
placentall  anastomotic growth patterns. Simulations indicated that placental and anstomotic 
developmentt cause feto-fetal blood transfusion to increase faster than fetal growth. Steady 
statee discordant growth may develop if compensating anastmoses are present. Altough this 
modell  explained many clinical outcomes, it did not include the amniotic fluid behaviour, 
whichh is required for the diagnosis of the syndrome (oligo-polyhydramnios sequence). A 
secondd model, developed by Talbert at al (1996) included monochorionic twin feto-placental 
unitss utilizing numerous interrelated hemodynamic, osmotic, and metabolic physiological 
variables.. However, the model was limited to 27 weeks twin gestation only. 

Aimm of the thesis: 
Computerr modelling of the syndrome's pathophysiology provides the only practical approach 
too improve current diagnostic and therapeutic management, because animal models of the 
syndromee are lacking and human study is unethical. The aim of the thesis therefore was to: 

 Combine the two mathematical models of both fetal fluid dynamics and feto-placental 
growthh and circulation alterations throughout the gestation to predict the clinical 
manifestationss of amniotic fluid behaviour in TTTS. This has been discussed in Chapter 2. 

 Study the response of varying severities of TTTS to current therapies to determine the 
optimall  intervention. (Chapter 3) 

 Compare model predictions with clinical and placental data following amnioreduction or 
laserr therapy. (Chapters 5, 6) 

 Analyse fetal growth curves for early assesment of the syndrome's severity and 
therapeuticc management. (Chapter 6) 
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Outlinee of the thesis: 

Chapterr  2 A mathematical model of monochorionic twin pregnancies and TTTS, combining 
bothh fetal and amniotic fluid dynamics, feto-placental growth and circulation alterations is 

*", ''  r 

Chapterr  3 The responses of varying severities of TTTS and placental angioarchitectures to 
currentt therapies are analyzed using our previously developed mathematical model of TTTS. 

Chapterr  4 Clinical evidence suggests AA anastomoses compensate more efficaciously than 
oppositee deep anastomoses, as only 30% of TTTS placentas have AA anastomoses, compared 
too 84% of non-TTTS monochorionic twin placentas. This observation is explained by 
comparingg the capabilities of various size VA (opposite AV) and AA anastomoses to 
compensatee for the effects of the primary AV. 

Chapterr  5 Simple analytical relations representing trends of discordant fetal growth in 
monochorionicc twins developing TTTS are derived from an approximation of previously 
developedd model equations. 

Chapterr  6 The efficacy of simple mathematical relations derived in chapter 5 are assessed, 
analyzingg 25 monochorionic twin pregnancies. 

Chapterr  7 The possible effects of an increased amniotic fluid pressure and placental capillary 
andd hence deep anastomoses (AV and VA) resistances are modeled and analyzed. 

Chapterr  8 A summary of our findings and discussion. 
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