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DISCUSSION N 

AA number of scientists made statements on the qualifying factors of (good mathematical) 
models.. Einstein for example seems to have said that a model should be simple but not too 
simple,, indicating it should include (some) essentials of the problem but it should not be 
undulyy complex. More recently, Brown and Enquist (1997), in their explication of allometric 
scalingg laws in biology, stated that a model is (often) a deliberate oversimplification that can 
servee as a point of departure for understanding a more complicated reality. Furthermore, fetal 
andd placental physiologist Professor J Job Faber, Portland, Oregon, once said that modeling 
sharpenss the intuition. 

Modelingg fetal and amniotic fluid development of monochorionic twin pregnancies 
andd including those that develop twin-twin transfusion syndrome (TTTS) may at first seem a 
hopelesss endeavor. First, because there is a paucity of information available on normal 
developmentt of fetoplacental cardiovascular function and amniotic fluid dynamics, let alone 
whenn these developments are complicated by TTTS. Second, there is lack of 
pathophysiologicall data of monochorionic human twin pregnancies. We were therefore forced 
too improvise and to use simplified and sometimes empirical descriptions of fetal and amniotic 
fluidd physiology. The obvious questions therefore are (1) in what way is the model essentially 
realistic,, (2) how does it contribute to understanding the more complicated clinical reality, and 
(3)) how does it sharpen our intuition. 

1)1) In what way the model is realistic 
Forr anastomotic growth, we used the previous assumption that each anastomosis grows in 
volumee proportionately with the placental volume, approximately proportional to gestational 
agee to the third power. For fetal growth we used a second degree function. As a consequence, 
thee net feto-fetal transfusion of an AV anastomosis, the cause of TTTS, increases faster than 
thee fetal growth. Altough this assumption has a very strong physiological basis (that average 
umbilicall vein radius and length are growing linearly with gestational age, Figs 1 and 2, 
whichh should also apply to chorionic vessels) it is not indispensable for TTTS to occur. We 
usedd slower growth curves for the anastomoses, and our model was still able to produce 
TTTS. . 

Fig.11 Length of umbilical cord as 
determinedd in three studies. (When exact 
numberss were not given, the approximate 
numberr was entered. 

Withh the permission of K Benirschke 
PathologyPathology of the Human Placenta, Benirschke K, 
KaufmannKaufmann P. Springer Verlag, 1995; pg.333. 

Whenn considering the assumptions of a model, it is important to realize the purpose of 
thee model. Our aim was to model the amniotic fluid behaviour -basically the fluid dynamics 
part-- in TTTS. We assumed in our model that the growing fetus acquires water and nutrient 
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moleculess from the maternal circulation to maintain its volume of total body fluid, as well as 
itss amniotic fluid volume, which can be viewed as an extension of the fetal extracellular 
compartment.. In terms of fluid dynamics of the fetus, this assumption is realistic. 

Fig.22 Umbilical vein diameter before the first 
intravascularr transfusion in 36 red cell alloimmunized 
pregnancies.. Lines indicate reference ranges (95% 
tolerancee interval) in normal pregnancies. Open 
circles:: moderate anemia (hematocrit deficit < 20%), 
blackk circles: severe anemia (hematocrot deficit > 
20%).. Triangles: hydropic fetuses. 

OepkesOepkes D. Ultrasonograpy and Doppler in the management of red 
cellcell alloimmunized pregnancies, PhD Thesis Leiden, 1993. 

Wee have also related the urine production to the arterial blood pressures of the fetuses. 
Thiss behaviour has already been described for fetuses and adults many times. Altough the 
exactt amount of the urine produced with respect to blood pressures are not known in the 
fetuses-throughoutt the gestation-, and we were therefore forced to use adult values, the 
mechanismm itself is realistic. Again, our aim was to describe amniotic fluid behaviour, the 
exactt amounts would not have added much to our model. 

Ass a result of the above (and other) assumptions, our model describes most of the 
clinicall findings, i.e., oligo-polyhydramnios sequence in TTTS, increase of fetal COP in the 
recipient,, the normal growth of the recipient altough the donor is growth restricted, why 
spontaneouss resolution of the stuck donor twin sometimes occurs, etc. Thus, the assumptions 
andd control mechasnisms used in the model seem to be adequate in reflecting the realistic 
behaviourr of monochorionic twins complicated by TTTS. 

2)2) What it contributed 
Consideringg uncompensated as well as compensated anastomotic patterns, we simulated that 
thee oligo-polyhydramnios sequence can occur early or late during pregnancy and can 
representt severe as well as milder forms of TTTS. Notably, we showed that TTTS is not 
necessarilyy mild when it presents later in gestation; it is only mild if there is enough 
anastomoticc compensation of the primary AV. Our definition of mild and severe TTTS may 
nott have a direct clinical application but it explains the mysterious clinical behaviour of why 
inn some cases only one amnioreduction is enough and why in some cases many more are 
necessary.. Our model explained that amnioreduction only works in mild TTTS cases, which 
contributess to solving the therapy controversy. 

Wee also showed that severe TTTS may show strongly decreasing urine production 
ratess once the donor has become stuck, suggestive of lack of bladder filling in donor twins, 
whereass in cases of compensated AV anastomoses (mild TTTS) urine production will not 
cease,, possibly implying that bladder filling persists in the donor. Therefore, since TTTS is a 
fluidd shift problem from one fetus to the other, and since the urine production is one of the 
mostt responding mechanisms to fluid dynamics in the fetus, we think that urine production 
behaviourr may have a prognostic value for the severity of TTTS. 

3)3) How does it sharpen our intuition 
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Accordingg to our model simulations, we hypothesize that in cases where the recipient is 
alreadyy developing heart failure and may become hydropic, aggressive amnioreduction may 
worsenn the situation by favoring the transplacental flow. Since the transplacental flow is 
directedd towards both of the fetuses following amnioreduction, there will be an increased 
transplacentall flow to the recipient fetus as well. This may have unfavorable effects on an 
alreadyy overfilled hydropic fetus. Therefore, our model suggests that in such cases, mild 
amnioreductionn may be better for the fetuses. 

Accordingg to our model, a filled bladder may be a sign of adequate compensation, and 
mayy not necessitate laser therapy. However, if the urine prodcution of the donor twin 
decreasess after the first presentation of TTTS, we hypothsize that this case will evolve in a 
moree severe TTTS, because a decrease in the urine production may be a sign of inadequate 
compensation.. Then we suggest laser therapy, if available. 

Inn conclusion, our model, despite its simplicity, particularly contributed to clarifying 
importantt components of the pathophysiology. It also suggested possible directions for TTTS 
severityy assessment, such as 1) measurement of urine production during development of 
TTTSS and following amnioreduction and laser interventions, 2) prenatal sonogrophic 
identificationn of anastomoses and using the size and nature of the anastomoses as input 
parameterss in our model for prediction of severity. A subsequent challenge would be to 
investigatee the feasibility and assess the efficacy of these proposed potential methods for 
prospectivee assessment of TTTS severity. This would require a clinical follow up of our 
modellingg efforts. 


