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Abstract

Objective: To analyze and compare four methods for estimating the chance of treatment success in
infertile couples.

Materials and methods: In a retrospective cohort study, information on demographic and clinical
features, including age, body mass index (BMI), duration of infertility, semen analysis, previous history of
treatment and clinical examination of infertile couples were analyzed. Treatment success (childbearing)
was calculated with four methods as live birth ratio, conditional probability and survival analysis
(life table and Kaplan-Meyer method) and results are compared.

Results: The fertility ratio for the first treatment cycle was 29.72% which decreased to 23.13% by total
treatment cycles. The success rate was 75.4%. With conditional probability calculation at the end of the
five treatment cycles. With the life table method in a five-year period, the probability for live birth was
78% and by Kaplan-Meyer method 73.1% and the median of treatment time was 562 days.

Conclusion: Calculation of infertility treatment success rate by only simple live birth ratio of childbearing
couples is associated with underestimation. Using the conditional probability method reduces that
underestimation, but it is not considered the censored cases in the treatments. It seems life table (as a
proxy of survival analysis) presents the closest estimation to clinical facts with considering the repetition
of the treatment cycle and the duration of treatment.
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Introduction

Infertility treatment Dbegins with a clinical
examination and treatment is selected depending on
the couple's condition, and the result is determined
after several periods of treatment as pregnancy and
childbearing (success) (1). Assisted Reproductive
Treatments (ART) increases the chances of fertility
(or childbearing) by bypassing the normal fertility
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process. These treatments are expensive and specific
thus the number of attempts and quality of treatment
center services are effective in success (childbearing)
(2-4). Therefore, the success of infertility treatment
depends on various factors.

Researches have shown that treatment duration
affects the couple’s childbearing success (5). In the
clinics, physicians calculate the ART success (assisted
reproductive therapy) in different ways (6). For this
reason, different rates could be reported and may be far
apart and astonish couples who visit clinics. To estimate
the success rate, the live birth ratio of couples who have

Copyright © 2021 Tehran University of Medical Sciences. Published by Tehran University of Medical Sciences.

» Journal of Family and Reproductive Health

http://jfrh.tums.ac.ir

This work is licensed under a Creative Commons Attribution-Noncommercial 4.0 International license (https://creativecommons.org/licenses/by-nc/4.0/).
Noncommercial uses of the work are permitted, provided the original work is properly cited.

Vol. 15, No. 3, September 2021 179


https://creativecommons.org/licenses/by-nc/4.0/

Zarinara et al.

successful treatment to the total number of couples who
have been treated has been used (or the number of
successes per number of treatment cycles) (7).

For couples whose infertility treatment has failed,
it is important to estimate their chances of success in
their next attempt (8), and in decision making
providing a reliable estimate can prevent waste of
time, money and psychological damage (9, 10).

This challenge lies with physicians and patients in
deciding to continue treatment and choosing a
treatment center, and it needs to be clarified. It seems
that the root of the announcement of different
percentages of infertility treatment success has two
reasons, one is the definition of treatment success and
the other is the type of success calculation.

If we provide a definition of success in a
consistent and practical way, by comparing the
method of calculating success, we can find which
method is more appropriate and close to reality. In
this paper, we describe and compare four methods of
calculating success with data from infertile couples
with male factor. The aim of this study is to present
an estimation method that is close to the outcome of
clinical treatment.

Materials and methods

In a retrospective cohort study, the data and the
treatment results of couples who had referred to
Avicenna Treatment Center in 2013 (March 2013 to
March 2014) for male factor infertility were
collected. The samples were selected randomly and in
proportion to the number of patients monthly, and
finally the data of 232 couples who met the inclusion
criteria were selected.

Information on demographic  characteristics
including age, body mass index (BMI), duration of
marriage and infertility, treatment result in other
centers and history of infertility in close relatives, and
clinical features as semen analysis, characteristics and
type of infertility from medical records and the
results of the couple's examination were collected.

The success of treatment was defined as the birth
of a live baby as a result of assisted reproductive
therapy. (i.e. giving birth to a live baby by natural
childbirth or cesarean section after at least 30 weeks
of pregnancy) (11). Since Ul (intrauterine
insemination) and ICSI (intracellular sperm injection)
are often used consecutively and frequently, the
effect of the two conventional therapies was
considered cumulative.

For couples who abandoned their treatment and

180  Vol. 15, No. 3, September 2021

http://jfrh.tums.ac.ir

the fate of their pregnancy was unknown, success was
defined as unknown and the duration of treatment
was calculated until the stage where there was a
definite result. The interval between the first
treatment and success was defined as the duration of
treatment (11).

The inclusion criteria were as follows: the woman
should be normal and healthy in terms of
reproductive system and conditions; infertility is
diagnosed as male factor and the result of previous
fertility treatment must be known; IUI (intra uterine
insemination) or ICSI (intracellular sperm injection)
treatment or both for couples; the age of women was
forty years and less, but the age of men was not
limited; treatment must be done with sperm, eggs of
the same couple and fresh or frozen embryos of them
(autologous material).

The infertility treatment success rate was
calculated by four methods: i) fertility ratio, ii)
probability calculation (conditional probability) iii)
life table and iv) Kaplan-Meyer method (survival
analysis) and they were compared.

Childbearing ratio calculated once using the live
birth ratio of successful couples in the first treatment
period to the total number of couples who
participated in the first treatment cycle and again
using the live birth ratio of couples who had children
after one or more treatment cycle to the total couples
participating.

birth ratic Success couples Success couples
Couples in first Total couples in
treatment cycle treatment cycles

Conditional probability was calculated by

calculating the probability of live birth with the
condition of failure in the previous five treatment
cycle. Base on the sum of the probability of success
in each treatment cycle multiplied by the probability
of failure in previous treatment cycle. Calculation by
life table was performed by using the information of
treatment cycles up to five years after the start of
treatment and the live birth. The Kaplan-Meier
method is used to analyze 'time-to-event' data. An
advantage of this method is that the method can take
into account some types ofcensored data,
particularly right-censoring, which occurs if a patient
withdraws from a study, is lost to follow-up, or is
alive without event occurrence at last follow-up.
Statistical analysis was performed using STATA
statistical software, version 14.2 and SPSS v.18.0
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(IBM, NY, USA).

Ethical considerations: The couples signed
informed consent to participate in the study. Patient
names and personal information such as their address
or telephone number were not available to the
researcher. The researcher did his best to maintain the
confidentiality of the information. The study has been
approved by the ethical committee of Avicenna
Research Institute (Number 92-46).

Results

In this study, the following conditions were present:
a) The couple had children after one or more
treatment cycle; b) The couple leaves the corporation
for treatment and the result of the treatment is not
known; c) The couple did not have children until the
end of the study. The oldest couple was treated for
about 9 years (intermittently) and the newest couple
was treated for 1 year. The couple's genetic
examination did not report the possibility of
infertility, miscarriage or genetic disease. The cause
of infertility in 194 couples (60%) was related to
semen quality. Intracellular sperm injection (ICSI)
was the first and only treatment in 205 couples
(63.5%) and intrauterine insemination (IUI) was the
first assisted reproductive therapy in 118 couples
(36.5%) that 55 couples of them were later treated
with ICSI. The number of treatment cycles was one
to 6 and 257 couples (79.6%) had two attempts
(treatment cycle). The median treatment time were
297 days (IQR=553) and mean 423 days (SD=484)

(Table 1, row 2). The basic characteristics of the
couples are given in Table 1.

Childbearing rate by live birth ratio method: In
the first attempt (treatment cycle) 96 couples had live
birth and the success rate was 29.72%. In the end,
after several attempts, 146 couples had children and
the success rate of the couples was 45.20%. Totally
631 treatment cycles were performed in the end of
study and the live birth ratio was 23.13% (in average)
considering the number of treatment cycles.

96 x 100
Live birth ratio  — 146 x 100
(per cycle) 323 323
Live birth ratio 146 x 100
(percycle) = 63l

Childbearing rate by conditional probability
method: Figure 1 shows the number of attempts
(treatment cycles) and success (birth of a baby) due to
the repetition of treatment in couples. In this figure,
the success rate in each attempt is calculated as a live
birth ratio and entered in the red box (last box
in right).

The success rate of each treatment cycle is
calculated by excluding the couples that are
successful or leave the study. The sum of the
probabilities of the first to fifth cycles is the total
probability and due to the conditionality of the
probability of success, at the end of the five treatment
cycles, the success rate (childbearing) was calculated
to be 75.4%. Table 2 shows how to calculate.

Table 1: The basic characteristics of the couples

Subject

Samples (couple)

Treatment time (day)

Men Age (year)

Men BMI, kg/m2

Duration of marriage (year)
Duration of infertility (year)
Treatment history in other centers
Men with infertility in close relatives
The couple's family relationship
Varicocelectomy

Secondary infertility in men
Smoker men

Mean (SD) or Frequency (%) Median (IQR
323
423 (484) 297 (553)
33.5(5.6) 33 (7)
26.6 (3.9) 26.9 (3.5)
6.26 (3.9) 5 (5)
4.76 (3.9) 3(3)
12 couple (3.4%) -
45 (13.04%) -
54 couple (16.8%) -
90 (27.9%) -
39 (12.1%) -
44 (13.6%) -

IQR: inter quartile range, SD: standard deviation
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Treatment cancellations 0
Continue treatment 323

—

Treatment cancellations 74
Continue treatment 153

Treatment cancellations 66

Suggested to try again 227

Live birth 96 Success rate 29.72% ]

=

| Suggested to try again 121

Live birth 32

Success rate 20.91% J

e

Continue treatment 55

Treatment cancellations 23
Continue treatment 22

-
H

Treatment cancellations 8
Continue treatment 11

'

Live birth 10
Suggested to try again 45

==

}__.

Live birth 3
Suggested to try again 19

Success rate 13.63% ]

Live birth 4
Suggested to try again 7

——»{ Success rate 18.18% ]

Success rate 36.36% }

Total 323  Residue 7
T.C=Treatment Cycle

W.R.T=171=74+66+23+8
W.R.T=Withdrawal from repeated treatment

L.B=145=96+32+10+3+4
L.B=Live Birth

Figure 1: Calculation of success in five attempts and total success rate calculation

Table 2: Calculation by Conditional probability of
treatment success in five treatment cycle (based on the
Sum of the probability of success in each cycle multiplied
by the probability of failure in the previous cycle)

Treatment cycle Probability

First treatment cycle (0.2972)

Second treatment cycle +(0.7028) (0.2091)

3™ treatment cycle +(0.7028) (0.7909) (0.1818)

4t treatment cycle +(0.7028) (0.7909)(0.1882) (0.1363)

5t treatment cycle =(0.7028) (0.7909) (0.1882)

(0.8637) (0.3636)

Total probability 0.75002

Childbearing rate by life table method (survival
analysis): Table 3 shows the waiting time to success
for couples who have continued treatment and the
waiting time for success in the first to fifth years. In
fact, it tells us the chances of success as a life chart.

In the last column on the right, the chance of success
(childbearing) is calculated at 38% after one year,
53% at the end of the second year, and 73% at the
end of the fifth year.

Childbearing rate by Kaplan-Meyer method
(survival analysis): The probability of childbearing
was calculated using Kaplan-Meyer method and the
probability of live birth after 5 year was 73.1%. Also,
the median time for childbearing (success) was 480
days (IQR=562), which has (12) low different from the
calculated in the non-parametric method (Table 1).

Discussion

The success of infertility treatment is very important
for couples and physicians, and in recent years its
prediction has received more attention in infertility
treatment centers (13).

Table 3: The life table and the chance to live birth in couples who continued the treatment

Cumulative Cumulative
. Number of cases Censored Exposed Pregnant .

Duration Tf A - " percentage of proportion of

Year at the beginning  cases during  cases during  cases during : .
(GEnE) of the period the period the period the period elllee] 2gaEE S TG Il Gl 2

end of the period of Interval%
1 0-365 323 114 266 91 0.66 34
2 366-730 118 27 104.5 27 0.49 51
3 731-1095 64 18 55 16 0.35 65
4 1096-1460 30 10 25 6 0.26 74
5 1461-1825 14 4 12 2 0.22 78
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At the clinic, the most important outcome of an
intervention is the success of treatment (here
childbearing). Some infertility treatments are
injurious in nature thus success is very important by
given the cost and time (1, 14). Therefore, in order to
estimate the success rate, a method must be used that
accurately expresses the probability of success.

Estimation of childbearing by ratio method: In
this study, the childbearing rate (success) in the first
treatment cycle (attempt) was 29.72% and in case of
several attempts, 45.20% which is similar to previous
research (12, 15). Success in the first treatment
attempt is usually not definite, so this method does
not provide a true picture of the treatment success and
it seems underestimate it.

Due to the time and repetition of treatment (costs),
couples tend to know the probability of their success
in having children in order to decide whether to
continue their treatment. When the result of the
repetition of treatment cycles is considered, the
success rate will be rise due to the effect of time, and
this rate seems to be closer to reality (15). The
childbearing rate with this method (as a successful
number to the total number) is to determine the
success rate in a period of time (16-19). In fact, the
number of attempts and the duration of treatment and
the effect of couples who have left treatment have not
been considered (20, 21).

When the number of treatment cycles is changed
by the number of couples at the denominator of the
fraction, the calculation of the success rate changes
slightly but is still far from clinical reality. In our
study, the success rate considering the number of
treatment cycles was 23.3%, which is consistent with
other studies (17, 22-24).

The weakness of this method is that when some
couples fail, they abandon the treatment and the
number of their repeated cycles remains at the
denominator of the fraction and the success rate that
is calculated is underestimated. There is a fact that
the more couples try, the more resistant those to
treatment remain in the group, so they are less likely
to succeed, and this affects the success rate.

In general, the major drawback of success ratios is
the nature of the components of the deductible; That
is, which number should be deducted in the
numerator and denominator, and this depends on the
purpose on which the childbearing rate is defined
(25). Ratios do not seem to provide a good estimate
of success because treatment time and the number of
exposed couples in each treatment cycle are not taken
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into account (18, 26).

Childbearing  estimation by  conditional
probability: In this method, "success in a treatment
cycle" is calculated; in this way, the success rate is
calculated with the successful cases in the number of
treated samples (exposure) of the same cycle. In our
study, after five treatment cycles, the success rate was
75.4%. Therefore, the calculation of this method in a
few steps is significantly more accurate than the
calculation of ratios and is consistent with clinical
reality (27, 28).

However, there are two drawbacks to this method.
First, this method clearly takes into account the
number of attempts and only the result of success in
the calculation, thus the duration of treatment is not
taken into account. Second, the outcome of treatment
of couples that leave the treatment (censored cases) is
not involved in the calculation (in live birth ratio
method, these cases are calculated as failures). An
example of this is in the last box of attempt 5 in
Figure 1. It is observed that by passing through the
first to fourth stages of couples' efforts, the
probability of success gradually decreases and this
shows that the success rate depends on the conditions
whose stability defeats the couple's treatment. (The
researcher did not find a study that used conditional
probability calculation like the method in this article.)

Estimation of childbearing by life table and
Kaplan Meyer methods (survival methods): In
survival analysis, it is important to have detailed
information about the treatment process and the results
of interventions (29). In our study, the interval between
treatment cycles and pregnancy outcome was recorded
in each cycle and live birth information. Also, for
couples who left the treatment, the length of treatment
was determined and the result was recorded.

Previously, the life table was used for the success
rate of egg retrieval (15, 30) and we also created the
life table for the success rate of infertility treatment
using the data of this study (Table 3). This table
shows that the cumulative success rate of couples has
increased with each passing year. In the first four
years, childbearing increased by 70%, and in later
years this trend slowed down and then stabilized. In
fact, this table in its second and last columns shows
the probability of success and the waiting time until
the result of treatment.

The probability of having a child using the
Kaplan-Meyer method also estimated the probability
of having a child after 5 years at more than 73%,
which is acceptable with clinical facts. The median
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success time 562 days (Cl 95% 381-743) is also more
realistic than the median in nonparametric method
(Table 1 row 2). This method has already been used
by McLernon (31).

In this study, we focused on the calculation
methods, and it seems that the survival analysis
methods, including the life table and Kaplan-Meyer,
show more logical and realistic estimates than the
conditional probability and live birth ratio methods.

It should be noted that our study was a single
center study and in this case the effect of the
treatment team, laboratory and other factors involved
in the treatment was the same and the data had little
variation. It should be noted that our study was a
single center study in which the effect of the
treatment team, laboratory and other factors involved
in the treatment was consistent and the data had little
variation. Therefore, comparing the methods of
"estimating childbearing” is less wrong and more
reliable (32-34). It is recommended to perform a
multicenter study and more samples but with similar
protocols for better evaluation (34, 35).

Conclusion

Estimating the success of infertility treatment requires
appropriate information from couples, tests and
treatment outcome. Some methods of estimating
childbearing (the success of treatment) give low
estimation. This study showed with increasing
treatment time, the number of attempt (treatment
cycles) and the probability of success were increased.
Given the treatment recurrence and length of treatment
time, survival analysis methods show the probability
of infertility treatment success close to clinical reality
and can better help couples and physicians.
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