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Abstract

Objective—To assess trends and outcomes of assisted hatching among assisted reproductive 

technology (ART) cycles.

Design—Retrospective cohort analysis using National ART Surveillance System (NASS) data.

Setting—U.S. fertility centers reporting to NASS.

Patient(s)—Fresh autologous noncanceled ART cycles conducted from 2000–2010.

Intervention(s)—None.

Main Outcome Measure(s)—Implantation, clinical pregnancy, live-birth, miscarriage, 

multiple gestation.

Result(s)—Assisted hatching use statistically significantly increased in absolute number (from 

25,724 to 35,518 cycles), percentages of day-3 (from 50.7% to 56.3%) and day-5 transfers (from 

15.9% to 22.8%), and percentage of transfers among women ≥38 years (from 17.8% to 21.8%) or 

women with ≥2 prior ART cycles and no live birth(s) (from 4.3% to 7.4%). Both day-3 and day-5 

cycles involving assisted hatching were associated with lower odds of implantation (adjusted odds 

ratios [aOR] 0.7 and 0.6, respectively), clinical pregnancy (aOR 0.8 and 0.7, respectively), live 

birth (aOR 0.8 and 0.7, respectively), and increased odds of miscarriage (aOR 1.4 and 1.4, 

respectively), as compared with cycles without assisted hatching. Assisted hatching was associated 

with lower odds of multiple gestation in day-5 cycles (aOR 0.8). In cycles for women with a “poor 

prognosis,” the association of assisted hatching with pregnancy outcomes was not statistically 

significant.
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Conclusion(s)—Assisted hatching use had an increasing trend but was not associated with 

improved pregnancy outcomes, even in poor-prognosis patients. Prospective studies are needed to 

identify the patients who may benefit from assisted hatching.
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Since its inception in the late 1970s, the field of assisted reproductive technology (ART) has 

grown exponentially. Over the past 35 years, technological advances in ART, including 

advances in protocols for ovarian stimulation, oocyte retrieval, fertilization, and embryo 

culture and transfer, have resulted in more efficient, though still imperfect, approaches for 

treating infertility. Ideally, adoption of new technology should be preceded by a proven 

favorable risk-benefit ratio, but the rate of scientific progress and adoption of new 

techniques often supersedes the field’s ability to validate their safety and efficacy.

Assisted hatching, the purposeful disruption of an embryo’s zona pellucida by laser, 

mechanical, or chemical means, is often performed in an effort to improve implantation rates 

among patients with a poor prognosis or on embryos noted to have a thick zona pellucida 

(1–3). The definition of poor prognosis varies from one clinic to another, which makes 

comparison of existing studies challenging, but the Society for Assisted Reproductive 

Technology (SART) and the American Society for Reproductive Medicine (ASRM) suggest 

that assisted hatching may be clinically useful among women who have failed at least two 

ART cycles, are 38 years of age or older, or have poor-quality embryos (2). A recent 

Cochrane review that included 31 randomized controlled trials found marginal statistical 

significance in the clinical pregnancy rate among women for whom assisted hatching was 

used compared with controls (odds ratio [OR] 1.13, 95% confidence interval [CI] 1.01–

1.27), although a wide variation in the results among the trials was noted (1). The same 

review found no statistically significant differences in the odds of live birth (9 randomized 

controlled trials) or miscarriage (14 randomized controlled trials), but identified a 

statistically significant increase in the multiple birth rate (14 randomized controlled trials) 

among cycles using assisted hatching (1). The subgroup analyses of poor-prognosis patients

—defined by increased age, prior ART failure, high follicle-stimulating hormone (FSH) 

concentration, use of frozen embryos, or use of a “poor prognosis protocol”—showed 

similar results (1). The existing evidence is insufficient to justify the universal use of 

assisted hatching. There is also limited evidence of the effect of assisted hatching on 

outcomes other than clinical pregnancy—namely, miscarriage and live birth—among poor-

prognosis patients. Furthermore, assisted hatching is not without risk; the procedure may 

increase the risk of monozygotic twinning (1, 4–8).

Our study quantified the assisted hatching trends in the United States from 2000 to 2010 

using data from the Centers for Disease Control and Prevention (CDC) National ART 

Surveillance System (NASS). We evaluated the association between use of assisted hatching 

and cycle outcomes, including implantation, clinical pregnancy, live birth, miscarriage, and 

multiple gestation rates, among fresh autologous in vitro fertilization (IVF) cycles.
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MATERIALS AND METHODS

Data used in this study were obtained from the NASS, a federally mandated reporting 

system that collects information about ART cycles involving the laboratory handling of 

gametes performed in the United States (Fertility Clinic Success Rate and Certification Act 

of 1992 [FCSRCA], Public Law No. 102–493, October 24, 1992) (9). The NASS data 

include patient demographics, medical and obstetric history, infertility diagnoses, detailed 

parameters of each ART treatment cycle, and, if applicable, the resultant pregnancy 

outcome. Although 6% to 12% of ART clinics did not report data to the CDC in any given 

year between 2000 and 2010, we estimate that NASS includes data from more than 95% of 

all ART cycles performed in the United States (10). Additionally, for each of the study 

years, approximately 7% to 10% of reporting clinics were randomly selected for full 

validation, where selected ART data reported by the clinics are compared with information 

recorded in medical records. Validated variables include (if applicable) patient date of birth, 

cycle intention, number of embryos transferred, cycle outcome, number of fetal hearts on 

ultrasound, pregnancy outcome, and patient diagnosis. Overall, the discrepancy rates for the 

variables evaluated in our study were less than 5%; however, the diagnosis of infertility had 

higher discrepancy rates (up to 18%), mostly due to the report of “other” or “unexplained” 

infertility in NASS instead of a specific cause recorded in the medical record (11).

An initial analysis to explore trends in use of assisted hatching included all fresh autologous 

noncanceled IVF cycles performed in the United States between 2000 and 2010 not 

involving a gestational carrier (n = 835,067). Clinicians indicated whether hatching by any 

method was performed when submitting cycle data. In the trend analysis, we report the 

absolute number and percentage of fresh autologous non-canceled cycles for which hatching 

was performed among the following subgroups: [1] cycles involving a day-3 transfer, [2] 

cycles involving a day-5 transfer, [3] cycles for which the patient was 38 years of age or 

older at time of retrieval, [4] cycles preceded by two or more failed ART cycles 

(characterized by ≥2 prior ART cycles and no prior history of live birth), [5] cycles meeting 

either of these latter two criteria (patient age ≥38 years, ≥2 prior ART cycles, and no prior 

history of live birth), and [6] “unindicated” cycles meeting neither of these two criteria 

(resulting in a subgroup in which the patient age was <38 years and the number of failed 

ART cycles was <2 or the patient had a history of live birth). We performed an analysis of 

trends for each of these groups by calculating linear regression over the years 2000 to 2010.

For all subsequent analyses, the cycles were limited to fresh autologous cycles from 2000 to 

2010 for which a transfer was performed on either day 3 or day 5 (n = 751,879 cycles). We 

first examined differences in the distribution of the following patient and treatment 

characteristics among cycles with and without assisted hatching: maternal age, maternal 

race/ethnicity, infertility diagnosis, number of prior preterm and full term births, number of 

prior ART cycles, number of oocytes retrieved, use of intracytoplasmic sperm injection 

(ICSI), embryo stage at transfer, number of embryos transferred, number of extra embryos 

cryopreserved, number of fetal hearts at first trimester ultrasound, and number of live-born 

infants. The Pearson chi-square test was used to assess the statistical significance of 

differences.
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We then performed analyses of outcomes, assessing associations with use of assisted 

hatching. Our outcomes of interest were implantation, clinical pregnancy, live birth, 

miscarriage, and multiple gestation. Implantation was calculated as the number of embryos 

resulting in implantation (defined as the larger of either the number of maximum fetal hearts 

by ultrasound or maximum infants born including live births and stillbirths) out of the total 

number of embryos transferred. Cycles were considered to result in pregnancy if clinical 

intrauterine gestation or heterotopic pregnancy was reported; cycles that had no indication of 

clinical pregnancy or were biochemical or ectopic pregnancies were considered to not result 

in clinical pregnancy. The NASS definition for a clinical intrauterine gestation is ultrasound 

confirmation of gestational sac(s) within the uterus, regardless of whether a heartbeat(s) is/ 

are observed or fetal pole(s) established. Without ultrasound data, confirmation is achieved 

through documented birth, spontaneous miscarriage, or induced abortion. Live birth was 

defined as a birth of one or more live infant(s) at a gestation age ≥20 weeks. A cycle was 

classified as a miscarriage if the patient was reported to have had a spontaneous miscarriage 

and the gestational age was <20 weeks. Multiple gestation was defined by >1 fetal 

heartbeats at first trimester ultrasound. If the fetal heartbeat value was missing, gestation 

was set to equal the number of infants born.

Cycles were stratified by day of transfer (day 3 and day 5) for bivariable and multivariable 

analyses of the associations between assisted hatching and the five outcomes of interest to 

account for possible effect modification; assisted hatching may have different associations 

with birth outcomes depending on the duration of embryo culture. Unadjusted odds ratios 

(OR), adjusted OR (aOR), and 95% confidence intervals (CI) were generated using mixed 

effects logistic regression models with the ART clinic as the random effect. Multivariable 

analyses were conducted to explore the relationship between the use of assisted hatching and 

the outcomes of interest, while adjusting for reporting year and important patient and 

treatment characteristics. Stepwise regression was used for all multivariable analyses to 

assess the significance of independent variables and all potential interactions that the model 

would support, using a statistical significance level of 0.05. Separate multivariable models 

were constructed for each outcome of interest for cycles in each of the following patient 

groups: [1] all patients, [2] patients ≥38 years of age or for whom the cycle was preceded by 

at least two ART cycles with no history of live birth, and [3] patients with “unindicated” 

cycles meeting neither of those criteria. Independent variables that were determined to be 

significant for all outcomes in a given patient group were included as covariates in the final 

models for each outcome in that group (except number of embryos transferred was not 

included in the models with implantation as the outcome). We found that the number of 

embryos transferred modified the effect of assisted hatching on multiple births in cycles 

involving day-3 transfers among all patients and patients with unindicated cycles. Therefore, 

we stratified the results for these outcomes by the number of embryos transferred. In 

addition, we calculated OR and aOR for poor-prognosis patients defined as those in which 

patient age is ≥38 years, the maximum serum follicle-stimulating hormone concentration is 

≥10 mIU/mL, the infertility diagnosis is diminished ovarian reserve, the patient has a history 

of two or more ART cycles and no prior live births, and no embryos were available for 

cryopreservation at time of transfer. Although race/ethnicity was excluded from primary 

models due to a very high percentage of missing values (55.3%), it was added to the final 
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logistic models in a supplemental analysis as race is thought to have an association with 

obstetric outcome. For the analyses including race, missing race was treated as a single 

“missing” category. All statistical tests were two-sided, and statistical significance was 

determined using an alpha of 0.05. All analyses were conducted using SAS v. 9.3 (SAS 

Institute) or SUDAAN v. 11.0 (RTI International). This study was reviewed and approved 

by the institutional review board of the Centers for Disease Control and Prevention.

RESULTS

The absolute number of ART cycles in the United States involving assisted hatching 

increased significantly from 25,724 to 35,518 from 2000 to 2010 (P=.002). The percentage 

of fresh autologous cycles with assisted hatching increased over the 11-year period for 

cycles involving either a day-3 (from 50.7% to 56.3%, P<.0001) or day-5 transfer (from 

15.9% to 22.8%, P=.0002) (Fig. 1A). An increasing linear trend in use of assisted hatching 

was also noted for cycles for which the patient was ≥38 years old (17.8% to 21.8%, P=.

0002), for cycles preceded by two or more failed ART cycles (4.3% to 7.4%, P=.005), and 

for cycles meeting either of the above two criteria (20.1% to 25.3%, P=.0003) (see Fig. 1B). 

A decreasing linear trend (20.0% to 17.8%, P=.01) was noted in use of assisted hatching for 

“unindicated” cycles that met neither of the above criteria (i.e., patient age <38 and prior 

history of live birth or <2 prior ART cycles).

Among all fresh autologous IVF cycles involving a day-3 or day-5 embryo transfer 

performed in the United States from 2000 to 2010, assisted hatching was used in 337,109 

(44.8%) of 751,879 cycles (Table 1). Women in the assisted hatching group were more 

likely to be ≥38 years old, have a diagnosis of diminished ovarian reserve, and have 

undergone two or more ART cycles compared with women who did not use assisted 

hatching (P<.0001 for all comparisons). Cycles that involved assisted hatching had fewer 

oocytes retrieved, were more likely to use intracytoplasmic sperm injection, to involve 

transfer of day-3 rather than day-5 embryos, transfer a higher number of embryos, and to 

have no extra embryos available for cryopreservation than cycles without assisted hatching 

(P<.0001 for all comparisons).

Day-3 Embryo Transfer

From 2000 to 2010, 54.8% of a total of 536,852 fresh autologous IVF cycles involving a 

day-3 transfer used assisted hatching (Table 2). Of the cycles involving women who were 

either ≥38 years old or who had a history of two or more prior ART cycles with no history 

of live birth (227,372 cycles), 70.7% used assisted hatching. For cycles meeting neither of 

those two criteria (297,972 cycles), 42.5% used assisted hatching. In multivariable analyses, 

the results were similar in the three groups: cycles involving assisted hatching were 

associated with a lower odds of implantation, clinical pregnancy, and live birth, and with an 

increased odds of miscarriage, as compared with cycles not involving assisted hatching. 

Although the chance of multiple birth after single-embryo transfer is low, the odds of 

twinning (spontaneous splitting of transferred embryo) were higher with assisted hatching 

(compared with no hatching) among all patients and patients for whom assisted hatching 

was not indicated. The odds of multiple gestation were lower with assisted hatching among 
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patients ≥38 years or for whom the cycle was preceded by at least two ART cycles with no 

history of live birth, and among all patients when two or more embryos were transferred.

For cycles performed on poor-prognosis patients (n = 6,511 cycles), 82.6% used assisted 

hatching. In multivariable analyses, the pregnancy outcomes were not statistically 

significantly different by assisted hatching status.

Day-5 Embryo Transfer

From 2000 to 2010, 19.4% of a total of 207,155 fresh autologous IVF cycles involving a 

day-5 transfer used assisted hatching (Table 3). Of the cycles involving women who were 

either ≥38 years old or who had a history of two or more prior ART cycles with no history 

of live birth (58,610 cycles), 27.5% used assisted hatching. For cycles meeting neither of the 

above two criteria (146,719 cycles), 16.1% used assisted hatching. In multivariable analyses, 

the results were similar for each of these groups to those with day-3 transfers: cycles 

involving assisted hatching were associated with lower odds of implantation, clinical 

pregnancy, live birth, and multiple gestation and with increased odds of miscarriage when 

compared to cycles without assisted hatching.

For cycles performed on poor-prognosis patients (n =708 cycles), 40.5% used assisted 

hatching. In multivariable analyses, assisted hatching was associated with lower odds of 

implantation, but no statistically significant associations were detected between use of 

assisted hatching and other outcomes (clinical pregnancy and live birth).

DISCUSSION

In the United States from 2000 to 2010, assisted hatching use statistically significantly 

increased in absolute number, percentage of day-3 and day-5 embryo transfers, and cycles 

for women meeting SART/ASRM suggested criteria for using assisted hatching. Regardless 

of embryo stage at transfer, use of assisted hatching was associated with lower odds of 

implantation, clinical pregnancy, and live birth, and with increased odds of miscarriage, 

except in poor-prognosis patients where no statistically significant differences in outcomes 

were observed between cycles with and without assisted hatching.

The increasing trend of assisted hatching use during the last 11 years was especially notable 

among patients for whom assisted hatching has been shown to be beneficial in some studies. 

Several systematic reviews and SART/ASRM committee opinions supported the use of 

assisted hatching “in patients with a poor prognosis, including those with ≥2 failed IVF 

cycles and poor embryo quality and older women (≥38 years of age)” (1, 2, 7). Our study 

shows that practice patterns appear to reflect the recommendations of SART/ ASRM 

practice committees; assisted hatching use has increased among patients for whom it is 

indicated, based on the guidelines, and decreased among those for whom it is not indicated 

(2).

Although we found that cycles in which assisted hatching was used were less likely to result 

in pregnancy or live births and more likely to result in miscarriage, the association with poor 

pregnancy and birth outcomes may be partially explained by the fact that assisted hatching 
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procedure is often chosen for patients with poor prognosis. However, we also did not find a 

statistically significant association between assisted hatching and pregnancy outcomes for 

cycles among women with poor prognosis. Our findings are consistent with the majority of 

published data, which suggest any potential benefit of assisted hatching is either marginal or 

unproven. A beneficial effect, if present, may not be fully ascertainable without a 

purposefully designed prospective study, such as a randomized controlled trial, which would 

be less prone to biases and allow better collection of data on, and adjustment for, known and 

potential confounding factors. Our finding of an association between assisted hatching and 

monozygotic twinning with single day-3 embryo transfer among patients for whom assisted 

hatching was not indicated is consistent with a recent study that showed assisted hatching of 

cleavage-stage embryos to be associated with a higher risk of monozygosity (12). Our 

ability to detect monozygotic twinning with transfer of two or more embryos was limited 

because splitting of one embryo may be compensated by inability of another embryo to 

survive.

Our primary limitation is the lack of embryo quality data that may have contributed to 

selection bias if poorer quality embryos were more often selected for assisted hatching. In 

addition, embryo quality may be an important predictor of assisted hatching success (13). 

We attempted to minimize such bias by including the criterion of zero additional embryos 

available for cryopreservation in our definition of the poor-prognosis group, a group that 

would likely have poor quality embryos regardless of assisted hatching use. The number of 

embryos available for cryopreservation has been shown to correlate well with embryo 

quality (14–16). Moreover, we were unable to control for additional patient medical and 

social history or additional laboratory or clinical factors that may have influenced the 

decision to perform assisted hatching or may affect the observed outcomes but are not 

included within the surveillance system such as presence or absence of hypertensive 

disorder or diabetes, patient body mass index, or tobacco-use status. Another limitation of 

the study is the lack of information on the type of assisted hatching (mechanical, chemical, 

or laser), which may have varied over time or from one clinic to another. Adjustments for 

reporting year and clustering helped to overcome this limitation. Our study is strengthened 

by the high compliance of clinics with nationally mandated fertility clinic reporting, the 

large sample size, and the ability to perform subgroup analysis of poor-prognosis patients. 

Furthermore, it is one of few studies to provide data not only on early pregnancy outcomes 

but also on live births.

Assisted hatching use has increased in the United States since 2000. Although we observed a 

decreasing trend of using assisted hatching among women for whom it is not recommended, 

it is still used in a relatively large number of cycles among women <38 years of age and 

those with <2 prior ART cycles or a history of live births. In addition, there is an increasing 

trend of assisted hatching among blastocyst (day-5) transfers despite the lack of convincing 

evidence of its effectiveness in that population. Although population-based surveillance data 

are limited in their ability to answer some clinical questions, they can be used to monitor the 

use of ART and its subtypes and serve to generate hypotheses. The assessment of assisted 

hatching use in the United States could be improved by including data on the types of 

assisted hatching as well as data on embryo quality in the National ART Surveillance 

System. Although limited by a lack of embryo quality data, this observational study did not 
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find assisted hatching to be associated with improved pregnancy outcomes among fresh 

autologous IVF cycles even in poor-prognosis patients. The association between assisted 

hatching and pregnancy outcomes may differ depending on patient prognosis, embryo stage, 

and embryo quality, and this warrants further investigation. A well-designed prospective 

study may help clinicians identify patients who may benefit from assisted hatching.
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FIGURE 1. 
Assisted hatching trends by embryo stage at transfer and patient prognosis, fresh autologous 

ART cycles, United States, 2000–2010. Trends of assisted hatching are shown for (A) 3-day 

and 5-day embryo transfer cycles and for (B) the following groups of patient prognosis: 

patients with “unindicated” cycles (defined as cycles in which patient age <38 years, number 

of failed ART cycles is <2, or the patient has a history of live birth), patients ≥38 years of 

age, and patients with ≥2 failed ART cycles and no live births.
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TABLE 1

Characteristics of day-3 and day-5 embryo transfers among ART patients by assisted hatching use, fresh 

autologous ART cycles, United States, 2000–2010.

Characteristica,b

Assisted hatching

Used Not used

n % n %

Total 337,109 44.8 414,770 55.2

Maternal age (y)

 <30 25,883 7.7 69,645 16.8

 30–34 82,515 24.5 164,733 39.7

 35–37 75,493 22.4 95,833 23.1

 38 or older 153,218 45.4 84,559 20.4

Race or ethnicityc

 Non-Hispanic white 115,344 44.8 135,238 42.0

 Non-Hispanic black 10,436 4.1 11,822 3.7

 Asian or Pacific Islander 17,970 7.0 17,171 5.3

 Hispanic 12,492 4.8 14,765 4.6

 Other 293 0.1 365 0.1

 Unknown/Missing 100,899 39.2 142,527 44.3

Infertility diagnosis

 Tubal factor 66,152 19.6 88,815 21.4

 Endometriosis 45,197 13.4 59,218 14.3

 Uterine factor 18,667 5.5 19,407 4.7

 Ovulatory dysfunction 42,289 12.5 66,745 16.1

 Diminished ovarian reserve 75,002 22.3 46,985 11.3

 Male factor 125,197 37.1 158,803 38.3

 Unexplained 41,158 12.2 55,103 13.3

No. of prior preterm births

 0 277,562 82.3 340,483 82.1

 1 or more 7,580 2.3 8,616 2.1

 Unknown/missing 51,967 15.4 65,671 15.8

No. of prior full-term births

 0 195,070 57.9 244,897 59.0

 1 69,838 20.7 77,569 18.7

 2 or more 21,137 6.3 27,415 6.6

 Unknown/missing 51,064 15.1 64,889 15.7

No. of prior ART cycles

 0 166,079 49.3 259,465 62.5

 1 73,837 21.9 76,574 18.5

 2 or more 97,098 28.8 78,353 18.9

No. of oocytes retrieved

 0–10 183,474 54.4 157,561 38.0

Fertil Steril. Author manuscript; available in PMC 2015 September 01.
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Characteristica,b

Assisted hatching

Used Not used

n % n %

 11–20 120,942 35.9 185,510 44.7

 ≥21 32,693 9.7 71,699 17.3

Use of ICSI

 Used 246,720 73.2 261,256 63.0

 Did not use 90,337 26.8 153,235 36.9

Embryo stage at transfer

 Day 3 296,015 87.8 245,578 59.2

 Day 5 41,094 12.2 169,192 40.8

Number of embryos transferred

 1 30,940 9.2 38,640 9.3

 2 100,168 29.7 219,057 52.8

 3 111,370 33.0 106,383 25.7

 4 or more 94,631 28.1 50,690 12.2

Extra embryos cryopreserved

 No 257,697 76.4 238,377 57.5

 Yes 78,737 23.4 173,494 41.8

No. of fetal heartbeats at first trimester ultrasound (for transfers resulting in pregnancy)

 1 78,203 62.1 119,512 59.0

 2 31,429 24.9 63,665 31.5

 ≥3 6,904 5.5 8,371 4.1

 Unknown/missing 9,469 7.5 10,936 5.4

No. of live-born infants (for transfers resulting in live birth)

 0 722 0.7 1,351 0.8

 1 69,616 69.7 112,438 65.4

 2 26,721 26.8 54,243 31.6

 ≥3 2,782 2.8 3,752 2.2

Note: ART = assisted reproductive technology; ICSI = intracytoplasmic sperm injection.

a
“Unknown/missing” category is shown if >1% of values are unknown or missing.

b
Comparing characteristics by assisted hatching use, all are P<.05.

c
Excludes years 2000, 2001, and 2002 because race/ethnicity data were not available.

Kissin. Assisted hatching trends and outcomes. Fertil Steril 2014.
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