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1. INTRODUCTION & MOTIVATION




What is In-Vitro Fertilization




Primary Issues

e Which embryo should be selected for
transfer?

e How many embryos should be transferred?
failure

multiple births
balance the two risks

e Current Practice




Problem Definition

e Determine n, number of embryos to transfer,

*failure and

s»of multiple births
e Approach




2. PROBABILITY MODELING




IVF Characteristics

Each embryo transferred either results in a live
birth (a success), or not (a failure)

The two outcomes are mutually exclusive

Which of the two mutually exclusive outcomes

is the final result is UNCERTAIN

The transfer of n embryos is akin to n
simultaneous but independent single embryo
“attempts”

x, the number of live births resulting from the
n transferred embryos is also uncertain




Probability Model

 The probability of obtaining x live births from n
embryos transferred:

e Parameter p: the single embryo probability of
success (also “embryo implantation potential”)

o Utility




Model Prediction

TABLE 11.1: Theoretical distribution of probabilities of possible

outcomes of an IVF treatment with 5 embryos transferred and p = 0.2

: f@) ()

No. of live Expected total no.

births in a Probability of patients (out of 1000)

delivered pregnancy | of occurrence with pregnancy outcome x
0 0.328 328

0.410 410

0.205 205

0.051 51

0.006 6

0.000 0

N




Model Validation: Data

From single IVF clinic

TABLE 11.2: Elsner, et al. data of outcomes of a 42-month IVF treatment study

No. of patients receiving n = 1,2, ...6 embryos
with pregnancy outcome x
T nr(x)

Delivered | ni(x) nalx) | nal(x) | ns(x) el ) Total no. patients
pregnancy with pregnancy
outcome outcome
N | 413 1439
164 504

74
10
0
0

661

=
o A

MO O OO
Moo= u gl
OO O = = b

b
~1|

Elsner, C.W., M.J. Tucker, C.L. Sweitzer, et al., 1997. Multiple pregnancy
rate and embryo number transferred during in vitro fertilization, Am J. Obstet
Gynecol., 177 (2), 350-357.




Model Validation: Data vs Model

e Parameters estimated from stratified data

TABLE 11.5: Stratified binomial model prediction of Elsner, et al.
data
Delivered Total number of patients
pregnancy with pregnancy nutcome T
outcome : s >
I

Total




Model Validation: Data vs Model
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FIGURE 11.6: Complete Elsner data versus stratified binomial model prediction.




Mathematical Problem Formulation

 Three probabilities of interest

P =(1-p)" Minimize

P =np@d-p)"" Maximize
Pus =1-(1-p)" —np(l- p)”_l Minimize

* Constraint: P, + P+ Pz =1




Mathematical Problem Formulation

e Determine n to maximize

f.() =np(-p)""
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FIGURE 11.8: Surface plot of the probability of a singleton as a function of p and the
number of embryos transferred, n.




Problem Solution
e Use calculus:

Given p, the probability that a particular single embryo will lead to
a successful pregnancy, the optimum number of embryos to transfer
during IVF is given by the expression in Eq (11.16) rounded to the

nearest integer.




Problem Solution

Optimum number of embryos
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FIGURE 11.7: Optimum number of embryos as a function of p.




Optimized Probability of Singleton

FIGURE 11.9: The (maximized) probability of a singleton as a function of p when the
optimum integer number of embryos are transferred.




Problem Solution Implications

e Results and Recommendations

se*n*=2 (for p > 0.35)
se*n*=3 (for p < 0.35)

e Results agree with and generalize heuristics
and government guidelines!




SUMMARY & CONCLUSIONS

IVF Treatment outcome

Rational IVF treatment Objective:

Mathematics (probability/calculus) used to
formulate and solve problem

Results agree with and generalize heuristics and
government guidelines!




