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Objective: To determine whether in vitro fertilization (IVF) with preimplantation genetic testing for aneuploidy (PGT-A) is cost effec-
tive to achieve a live birth compared with IVF alone in fresh donor oocyte cycles.
Design: Theoretical cost-effectiveness study.
Setting: Not applicable.
Patient(s): None.
Intervention(s): Comparison between the cost of IVF with PGT-A vs. IVF alone to achieve a live birth. The model analyzed a
hypothetical single fresh oocyte donor IVF cycle with PGT-A vs. IVF alone and followed the progression of a single embryo through
the different decision nodes. Cost estimates assigned to each clinical event were based on data obtained from the literature and
institutional costs.
Main Outcome Measure(s): Cost per live birth.
Result(s): In the base-case analysis, IVF with PGT-A was not cost effective in fresh donor oocyte cycles when compared with IVF alone
to achieve a live birth. The cycles using PGT-A cost an additional $6,018.66. The incremental cost-effectiveness ratio was found to be
$119,606.59 per additional live birth achieved with IVF with PGT-A. Monte Carlo simulations demonstrated that IVF with PGT-A was
not cost effective in nearly all iterations.
Conclusion(s): PGT-A in fresh donor oocyte IVF cycles is not cost effective compared with IVF alone over a wide range of probabilities
and costs. (Fertil Steril Rep� 2021;2:36–42. �2020 by American Society for Reproductive Medicine.)
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A dvances in assisted reproduc-
tive technologies have made
the use of donor oocytes in

in vitro fertilization (IVF) cycles an
increasingly viable option for patients
with age-related infertility, premature
ovarian insufficiency, and multiple
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failed IVF attempts using autologous
oocytes. Consequently, the use of donor
oocytes has increased and today ac-
counts for 10% of all assisted reproduc-
tive technology cycles in the United
States (1). The highest pregnancy and
live birth rates from any IVF procedure
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have resulted from cycles utilizing
donor oocytes. Due to the highly
selective characteristics of donors to
optimize the oocyte quality, some
studies have shown a live birth rate as
high as 50%–58% per transfer in donor
oocyte cycles (2, 3).

Despite the high live birth rates and
increasing usage rates, there are still
some patients who fail to conceive after
using donor oocytes. Aneuploidy,
although less prevalent in the oocyte
donor population, can still be a cause
of treatment failure. A study looking
at aneuploidy rates in donor oocyte cy-
cles in 42 clinics in the United States
showed that the mean expected rate of
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aneuploidy per cycle was 31.6%. Although the rates were
treatment center-dependent, the study findings highlighted
that the increase in chromosome abnormalities observed
with increasing maternal age is already seen in this group
of young oocyte donors (4). Therefore, it can be theorized
that screening for chromosomal abnormalities through pre-
implantation genetic testing for aneuploidy (PGT-A) could
potentially increase the efficacy and efficiency of donor egg
cycles.

The question of whether PGT-A in donor oocyte recipient
cycles improves IVF outcomes has been debated in the litera-
ture. Some studies have argued that genetic testing might
improve the IVF outcomes with embryos derived from donor
oocyte cycles (5, 6); conversely, other studies have revealed
either the absence of clinical benefit (3, 7) or even a negative
impact on IVF outcomes (2). Although there is no clear
consensus on the use of PGT-A for donor oocyte cycles, pa-
tients may inquire about its use, especially after failed cycles
with untested embryos.

Many patients may perceive that using PGT-A would
have the implied benefit of excluding abnormal embryos
and thus aid in decreasing the cost of donor oocyte cycles,
which can be financially overwhelming for patients undergo-
ing fertility treatment and is usually not covered by insur-
ance. In the absence of definitive clinical guidance, cost
may be an important deciding factor for patient use of PGT-A.

As the cost of a donor IVF cycle can exceed tens of thou-
sands of dollars, in addition to the thousands of dollars
required per transfer cycle, it is imperative to financially, clin-
ically, and in practice maximize every transfer cycle. To date,
there is no published study reporting on the cost-effectiveness
of using PGT-A in donor oocyte cycles. This study sought to
FIGURE 1
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assess whether IVF with PGT-A to achieve a live birth is
cost effective compared with IVF alone in fresh donor oocyte
cycles. The objective of this study was to determine if it is cost
effective to genetically test blastocyst embryos in donor
oocyte IVF cycles.

MATERIALS AND METHODS
This study received approval from the Johns Hopkins Institu-
tional Review Board.
Decision model

We modified and adapted the decision analytic model devel-
oped by Collins et al. (8) to study the cost-effectiveness of
PGT-A for blastocyst embryos in donor oocyte IVF cycles.
The model was constructed using TreeAge Pro Suite 2016
(TreeAge Software Inc., Williamstown, MA), and it outlined
a hypothetical donor oocyte IVF cycle with PGT-A vs. IVF
alone. The model included important clinical events such as
development of a blastocyst embryo, PGT-A testing, blasto-
cyst transfer, clinical pregnancy, miscarriage, pregnancy
termination, and live birth rate. Figure 1 outlines the decision
tree model. Several assumptions were made before construct-
ing the decision model. It was assumed that all oocyte donors
were between 21 and 34 years of age. Other assumptions
regarding the donors included that they had laboratory evi-
dence of normal ovarian reserve, no indication of impaired
fertility, were tested for communicable infectious diseases,
and received preconception genetic carrier screening testing.
These characteristics of the donor were based on the American
Society for Reproductive Medicine recommendations for
oocyte donation (9). The recipient age was assumed to be 42
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TABLE 1

The cost and probability input parameters for the decision model of
in vitro fertilization with preimplantation genetic testing for
aneuploidy vs. in vitro fertilization without preimplantation genetic
testing for aneuploidy for donor egg cycles.

Event Probabilities Base Case Minimum Maximum

IVF success rate (number of
cycles to successful
blastocyst
formation) (2, 11, 12)

0.667 0.56 0.87

Rate for performing PGT-A (2) 0.06 0.045 0.06
Non PGT-A Arm
At least one blastocyst meets

the morphological
criteria (7, 13)

0.667 0.56 0.87

All transferred blastocytes are
euploid (5, 12)

0.7 0.45 0.81

Pregnancy confirmed—for
euploid blastocyst (2, 7)

0.6

Pregnancy confirmed—for
aneuploid blastocyst (14)

0.3

Miscarriage in the euploid
arm (2, 7, 15)

0.12 0.06 0.17

Miscarriage in the aneuploid
arm (16)

1

Live birth in the euploid
arm (2, 7, 15)

0.6 0.54 0.62

Live birth in the aneuploid
arm (16)

0

PGT-A Arm
Having a euploid

embryo (2, 11, 12)
0.7 0.395 0.875

Pregnancy
confirmed (2, 12, 17)

0.65 0.62 0.69

Miscarriage (2, 15, 17) 0.14 0.14 0.152
Live birth (2, 12, 17) 0.57 0.56 0.62

Cost parameters Base Case Minimum Maximum

Cost of basic IVF on
average—including
multiple cycles (does not
include cost of donor eggs
and donor sperm) (18, 19)

$18,277 $6,920 $27,685

Cost of donor eggs (19) $9,150 $6,742 $15,142
Cost of donor sperm (19) $450 $300 $1600
Cost of embryo transfer (19) $6,395 $3,155 $12,626
Cost of PGT-A (20, 21) $4,268 $3,155 $12,626

ORIGINAL ARTICLE: ASSISTED REPRODUCTION
years old or younger. This assumption was on the basis of the
mean age of recipients from the Society for Assisted Repro-
ductive Technology Clinic Outcome Reporting System
(SART CORS) database (2, 6). The recipient was also assumed
to have had a normal uterine cavity evaluation before the em-
bryo transfer as that is the standard of care for patients under-
going IVF cycles. We also assumed that all fresh donor
oocytes were obtained from controlled ovarian hyperstimula-
tion cycles, because the outcomes obtained from the literature
were on the basis of fresh cycles. We also assumed that IVF
PGT-A cycles in which at least one euploid embryo was ob-
tained would proceed to transfer of that embryo. Additionally,
we assumed that in both IVF alone cycles and IVF with PGT-A
cycles, only a single embryo was transferred as per American
Society for Reproductive Medicine recommendations (10).

The decision model started at the time point at which the
recipient had at least one blastocyst embryo from a fresh
donor oocyte cycle. It is routine clinical practice today that
embryo biopsies for PGT-A are performed on blastocyst em-
bryos. Hence, having one blastocyst embryo was a require-
ment for proceeding with PGT-A. The decision to proceed
with PGT-A testing thus was dependent on whether there
are blastocyst embryos available for testing. Furthermore,
the costs and probabilities were the same between the two
different groups up until this time point and did not affect
the calculation of the cost-effectiveness of PGT-A in donor
oocyte cycles. For this reason, we decided to start the decision
model at the time of the creation of a blastocyst embryo from
a fresh donor oocyte cycle. In IVF alone cases, we further
bifurcated our model to incorporate the probability of having
either an aneuploid or a euploid blastocyte transferred.
Furthermore, consistent with the literature and clinical guide-
lines, we assumed that all pregnant patients who did not
miscarry would undergo amniocentesis, and that all patients
with evidence of aneuploidy would receive genetic coun-
seling. The patients with aneuploid embryos would be
assumed to be the same as those with a euploid pregnancy
for the remainder of their gestational period and would
receive the normal prenatal care as they progressed toward
live birth.
Cost of miscarriage
management (21–23)

$1,304 $517 $2,058

Cost of prenatal care—
average (22, 24)

$1,590 $761 $3,696

Cost of amniocentesis (22,
25)

$1,397 $699 $2,794

Cost of genetic counseling
(22)

$146 $109 $182

Cost of live birth (22, 24) $15,385 $2,700 $20,629

Utility Base Case Minimum Maximum

Live birth rate IVF—non
PGT-A (2)

0.56 0.472 0.59

Live birth rate IVF—PGT-A (2) 0.6 0.53 0.71
Note: IVF ¼ in vitro fertilization; PGT-A ¼ preimplantation genetic testing for aneuploidy.
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Parameter Estimates and Analysis

The analysis was conducted from a health care payer perspec-
tive and included costs related to the clinically relevant events
in the study. The effectiveness of each decision tree was
measured by the live birth rate. Base case estimates and prob-
abilities for the main clinical events in our model were ob-
tained through a thorough review of the literature. Most
probabilities were obtained from a study using the SART
CORS database that included outcomes from fresh donor
IVF cycles from 2005–2013 (2) and are included in Table 1.
This study is the largest study to date that included the use
of PGT-A in fresh donor oocyte cycles and compared it with
donor oocyte cycles in which PGT-A was not used.

The cost estimates assigned to each clinical event were
generated on the basis of the average of the data obtained
from the literature and the costs at our institution. An average
of the direct cost for each clinical event can be seen in Table 1.
38
Even though our model started at the development of blasto-
cyte embryo stage, because PGT-A was performed before
embryo transfer, the cost of the IVF cycle using donor oocytes
VOL. 2 NO. 1 / MARCH 2021
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was included separate from the cost of the embryo transfer.
The cost of PGT-A included both the biopsy and testing costs.
We included the cost of IVF cycles in our study despite it hav-
ing no impact on the cost-effectiveness to assess the total cost
associated with the process. The cost of miscarriage manage-
ment was considered an average cost incurred for manage-
ment of miscarriage, which incorporated medical, expected,
and surgical management options weighted by patient prefer-
ences. All cost parameters were inflation adjusted to 2018 US
dollars using the medical care component of the consumer
price index (26). (Table 1)

We also conducted sensitivity analyses to assess the
model’s robustness and account for uncertainties in probabil-
ities and cost estimates. One-way deterministic sensitivity
analysis was performed for all variables in our model by vary-
ing the values across plausible ranges. The lower and upper
plausible ranges were determined a priori and derived by
either using the lower and upper limits of reported values or
using standing deviations or by adding or subtracting 25%
from the base-case value in cases where standard deviations
and lower and upper limits were not reported. A probabilistic
sensitivity analysis was conducted using a Monte Carlo simu-
lation (MCS) in which all parameters were varied simulta-
neously with either a triangular distribution bounded by
defined minimum and maximum values or a beta distribution
around a mean and standard deviation. Ten thousand itera-
tions of the simulation were performed to adjust for the sec-
ond order uncertainty by randomly sampling parameters for
each variable. Results of the MCS are provided as the percent-
age iterations that were considered cost effective, assuming a
willingness-to-pay (WTP) threshold of $50,000 per quality-
adjusted life year gained. The distribution of these results
against different WTP thresholds have been plotted on the
acceptability curve. A scatterplot (Supplemental Fig. 1, avail-
able online)was plotted to visualize the distribution of the in-
cremental cost-effectiveness ratios (ICERs) computed using
the MCS on a cost-effectiveness plane. The WTP threshold
TABLE 2

The one-way sensitivity analysis for the five highest impact parameters for i
compared with in vitro fertilization without preimplantation genetic testin

Variable name
Low ICER ($/additional live

birth)

Cost of PGT-A ($3,155–
$12,626)

97,488.36

Live birth rate for IVF with PGT-A
for a euploid embryo (0.53–
0.71)

80,404.27

Confirmed euploid pregnancy in
the non PGT-A arm (0.45–
0.75)

96,109.58

Probability of having a euploid
embryo in the non PGT-A
arm (0.45–0.81)

88,083.3

Live birth rate for IVF without
PGT-A for a euploid embryo
(0.472–0.59)

94,867.88

Note: ICER ¼ incremental cost-effectiveness ratio; IVF ¼ in vitro fertilization; PGT-A ¼ preimplantat
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was determined based on the World Health Organization
guidelines of using one to three times the gross domestic
product per capita and represented an estimate of what a
consumer of health care might be prepared to pay for the
health benefit (gross domestic product per capita) (27).
RESULTS
Base-case analysis results of IVF without PGT-A vs. IVF with
PGT-A showed that IVF with PGT-A in donor oocyte IVF cy-
cles was associated with an additional total cost of $6,018.66
when compared with IVF without PGT-A ($41,613.26 vs.
$35,594.60, respectively). The decision model calculated
that IVF with PGT-A was associated with a 5% greater prob-
ability of live birth rate when compared with IVF without
PGT-A (13% vs. 8%, respectively). The ICER thus calculated,
as a ratio of the incremental costs versus the incremental
effectiveness, was found to be $119,606.59 per additional
live birth achieved with IVF with PGT-A. This means that
IVF with PGT-A was associated with an additional cost of
$119,606.59 per additional live birth achieved. Thus, at the
WTP threshold of $50,000 per additional live birth achieved,
IVF with PGT-A was not a cost-effective option for couples
undergoing IVF with donor oocytes.

The results of the one-way sensitivity analysis for the five
highest impact parameters for IVF with PGT-A compared with
IVF without PGT-A demonstrated that the cost of PGT-A had
the most impact on the estimated ICER (Table 2). This was in-
terpreted by observing the highest spread of $188,213.67 per
additional live birth achieved between the ICERs obtained us-
ing the highest and the lowest values for the cost of PGT-A
(ICERs $97,488.36 to $285,702.03).

Our results from the probabilistic sensitivity analysis for
IVF with PGT-A versus IVF without PGT-A that used
10,000 iterations of the MCS showed that <1% of the itera-
tions were cost effective at the WTP of $50,000 per additional
live birth achieved. We further plotted the incremental costs
n vitro fertilization with preimplantation genetic testing for aneuploidy
g for aneuploidy.

High ICER ($/additional live
birth)

ICER Spread ($/additional live
birth)

28,5702 188,213.7

17,3410.4 93,006.17

17,5966.4 79,856.82

14,8913.9 60,830.63

13,1277 36,409.1

ion genetic testing for aneuploidy.
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and the incremental effectiveness on a scatterplot to visualize
the spread of all the individual ICERs on the cost-effectiveness
plane (Supplemental Fig. 1). We observed that most of the
ICER distribution fell above the WTP threshold of $50,000
and was spread in the northeast, northwest, and southwest
quadrants, with the majority of the spread located in the
northeast quadrant. The minimal ICER spread below the
threshold was only distributed in the northeast quadrant.
We also plotted the acceptability curve (Fig. 2), which showed
that a crossover between the two strategies only happened
beyond the WTP threshold of $120,000.
DISCUSSION
Using a base-case cost-effectiveness analysis, our study
showed that PGT-A is not cost effective in IVF cycles using
fresh donor oocytes. To our knowledge, this is the first cost-
effectiveness study comparing IVF with PGT-A with IVF
without PGT-A in donor oocyte cycles. On the basis of our
findings, patients who used PGT-A in fresh donor oocytes
cycles would have an additional total cost of $6,018.66
when compared with IVF without PGT-A. The ICER was
found to be $119,606.59 per additional live birth achieved
with IVF with PGT-A. This amount was much higher than
FIGURE 2

The cost-effectiveness acceptability curve for in vitro fertilization (IVF) with
IVF without PGT-A for donor oocyte cycles. The X-axis denotes the differen
percent iterations of the simulation that were cost effective; Blue square
effective; Red triangle denotes the percent of iterations for IVF without PG
Facadio Antero. PGT-A cost-effectiveness in donor oocyte. Fertil Steril Rep 2020.
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the assumed willingness to pay, which was set to $50,000.
The results from the probabilistic sensitivity analysis using
MCS showed that the scatterplot of the ICERs on the
cost-effectiveness plane had most of the iterations of the
ICER above the WTP line and that they seemed to be congre-
gated in the northeast quadrant with some spillover in the
northwest quadrant. This indicated that in all of the MCS
scenarios, IVF with PGT-A was associated with a higher
cost and that in most cases it was associated with an addi-
tional gain in effectiveness. In the cost-effectiveness accept-
ability curve, IVF with PGT-A only surpassed IVF alone at
WTP values above $120,000, indicating the lack of cost-
effectiveness of IVF with PGT-A at any threshold below
that. Furthermore, our one-way sensitivity analysis showed
that the additional cost of PGT-A was the major driving fac-
tor on the incremental ICER. These findings suggest that IVF
with PGT-A was not cost effective for couples undergoing
IVF with donor oocytes.

With the improvement of cryopreservation techniques,
oocyte donation has become a viable option for those seeking
fertility treatment who have age-related infertility, primary
ovarian insufficiency, or those with multiple failed IVF at-
tempts using autologous oocytes. Data from the Centers for
Disease Control suggest that 10% of all IVF cycles performed
preimplantation genetic testing for aneuploidy (PGT-A) compared with
t thresholds for willingness to pay in US dollars; the Y-axis denotes the
denotes the percent of iterations for IVF with PGT-A that were cost
T-A that were cost effective.
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annually in the United States use donor oocytes (1). Women
who are recruited to be oocyte donors are typically young
and do not have infertility. These characteristics translate to
higher pregnancy rates in donor oocyte cycles compared
with those in cycles using autologous oocytes (28).

Although PGT-A has been shown to improve outcomes
in certain groups of infertile patients using autologous oo-
cytes (15, 29, 30), the full impact and utility of PGT-A on
donor oocyte cycles is still unclear. In a large retrospective
cross-sectional study performed using data from SART
CORS from 2005 to 2013, live birth rates were significantly
lower for PGT-A (51.8%) than for control cycles (59.9%,
P< .001). For donor oocyte-recipient cycles, the adjusted
odds of a live birth were reduced by 35% (P< .001)(2).
Another smaller retrospective study showed a higher live
birth rate in donor recipients when euploid embryos were
tested compared with when they were not tested; however,
the results did not reach statistical significance because of
the small sample size (5).

Despite the potential improvement in outcomes with the
use of PGT-A in donor oocyte cycles, patients should also
be counseled about whether it is cost effective to proceed
with PGT-A when using donor oocytes. Such counseling is
important as most of these cycles are not covered by insur-
ance and thus can be a huge financial burden for patients.
Our findings that PGT-A in donor oocyte cycles is not cost
effective seem to be in line with other studies looking at
PGT-A in other patient populations. Somigliana et al. (20)
showed that PGT-A only became cost effective in 38–40-
year-old infertile women who have more than one blastocyst
for biopsy. The procedure did not seem to be cost effective for
infertile womenwhowere younger than 35 years old. Another
study looking at over 153,865 autologous IVF cycles showed
similar results (31). Furthermore, Murugappan et al. (21)
showed that IVF with PGT-A was not a cost-effective strategy
for increasing live births compared with expectant manage-
ment in patients with recurrent pregnancy loss.

The major strength of our study was the fact that the
probabilities used in the decision model were taken from
one of the largest studies to date regarding the use of PGT-
A in donor oocyte cycles (2). That study used the SART
CORS database, which makes the results generalizable. We
also used Monte Carlos simulations, which allowed for thou-
sands of cost simulations for each of the data points, making
the cost-effective analysis even more comprehensive.

However, there are several limitations to our study. First,
we constructed a theoretical model on the basis of parameters
estimated from the published literature rather than on a ran-
domized controlled trial. To reliably answer our study ques-
tion, a large, probably unachievable, randomized controlled
study would have needed to be conducted, and such study
has not been done to date. Our study tried to circumvent the
lack of prospective data by using data from large retrospective
studies analyzing the impact of PGT-A in donor oocyte IVF
cycles. Because of the largely theoretical nature of our model,
some assumptions listed in Table 1 may lack robust scientific
support. These uncertainties were addressed with the sensi-
VOL. 2 NO. 1 / MARCH 2021
tivity analyses, which further confirmed our findings and
showed that the incremental cost seen in IVF cycles with
PGT-A was largely driven by the cost of PGT-A alone.

Second, our study delineated extremely specific cycle pa-
rameters for the construction of our model and thus our re-
sults can only be applied to the clinical scenarios outlined
in our assumptions. We assumed that all donor oocytes orig-
inated from fresh donor IVF cycles and only one embryo was
transferred to the recipient. These assumptions were based on
what data was available and in accordance with American
Society for Reproductive Medicine guidelines. We also did
not include cumulative live birth data as it was not available.
Inferences to other scenarios such as frozen donor oocyte cy-
cles cannot be extrapolated from our findings. Specific cost-
effective analyses using those parameters would be required
to evaluate the cost-effectiveness of PGT-A in all types of
donor oocyte IVF cycles. In addition, indirect costs in donor
oocyte cycles were not included; however, those would be
comparable between PGT-A and non PGT-A cycles and there-
fore would not change the study findings. Lastly, our study
mostly focused on the monetary implications of using PGT-
A in donor oocyte cycles and thus could not truly estimate
the emotional cost for couples after a miscarriage that might
happen with an untested embryo from a donor oocyte cycle.

In conclusion, as health care providers, we should always
consider the cost-effectiveness of expensive healthcare tech-
nologies when counseling our patients. Our decision analytic
model showed that based on the current data, PGT-A is not
cost effective to achieve a live birth in patients using fresh
donor oocytes. These results may aid providers when it comes
to counseling patients about using PGT-A in fresh donor
oocyte cycles. Despite these results, further research into the
appropriate threshold values to use in evaluating cost-
effectiveness of infertility treatments as well as additional
studies to refine the probability parameters would help
improve future assessments of the cost-effectiveness of
PGT-A in all donor oocyte cycles.
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