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Effects and safety of propofol
Intravenous anesthesia in
transvaginal oocyte retrieval on
outcomes of in vitro fertilization
and embryo transplantation

Xiao-Ming Liu, Fan Zhang, Xiao-Sheng Lu, Hai-Tao Xi
and Jun-Zhao Zhao*

Reproductive Medicine Centre, Department of Obstetrics and Gynecology, the Second Affiliated
Hospital of Wenzhou Medical University, Wenzhou, China

Purpose: Propofol, a widely utilized anesthetic, is employed to alleviate pain and
anxiety in outpatient oocyte retrieval procedures. However, its potential impact
and safety profile in the context of in vitro fertilization and embryo transfer (IVF-
ET) remain unclear.

Methods: This retrospective study enrolled 1187 patients undergoing IVF-ET, and
divided into two groups depending on whether they received propofol (propofol
group, n=140) or not (control group, n=1047) for anesthesia during
oocyte retrieval.

Results: The baseline characteristics were comparable between the groups.
Compared with control group, the number of oocytes retrieved in propofol
group was more (p=0.012), while both the estradiol (E2) level on the trigger day
and the pre-ovulatory follicle count were higher in propofol group ((p<0.01).
Additionally, the rate of preterm delivery was significantly higher in the propofol
group (p<0.001). To further analyze the effect of propofol on the oocyte retrieval
rate, patients were divided into three subgroups depending on the pre-ovulatory
follicle count (<10, 11-20, and >20) to eliminate the influence of inconsistency in
the estimation of the pre-ovulatory follicle count between the two groups.
Analysis revealed that the use of propofol during oocyte retrieval was
particularly advantageous in the subgroup with a pre-ovulatory follicle count
of 11-20, yielding a higher oocyte retrieval rate (p<0.001).

Conclusion: The use of propofol in oocyte retrieval did not adversely affect
fertilization, embryo quality, or clinical outcomes. Moreover, it was found to
increase the oocyte retrieval rate among patients with an estimated pre-
ovulatory follicle count of 11-20. These findings offer valuable evidence
supporting the clinical application of propofol in oocyte retrieval procedures.

oocyte retrieval, in vitro fertilization, pregnancy rate, embryo quality, propofol

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1497948/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1497948/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1497948/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1497948/full
https://www.frontiersin.org/articles/10.3389/fendo.2024.1497948/full
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fendo.2024.1497948&domain=pdf&date_stamp=2024-12-16
mailto:z.joyce08@163.com
https://doi.org/10.3389/fendo.2024.1497948
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://www.frontiersin.org/journals/endocrinology#editorial-board
https://doi.org/10.3389/fendo.2024.1497948
https://www.frontiersin.org/journals/endocrinology

Liu et al.

Introduction

Infertility is the inability to conceive within 1 year of unprotected
intercourse and has been identified as a public health priority (1). In
recent years, the incidence of infertility has increased annually, and
the prevalence of infertility is about 25% among couples of
reproductive age in China (2). As one of the leading treatments for
infertility, in vitro fertilization and embryo transfer (IVF-ET) is a
major assisted reproductive technique with a high success rate (3).
During the process of IVF-ET, the most fearful part for patients is
oocyte retrieval. To reduce the pain and fear of patients, anesthesia is
applied gradually for oocyte retrieval. However, the safety of
anesthesia on IVF-ET outcomes is yet unclear.

Transvaginal ultrasound-guided oocyte retrieval is a painful
assisted reproductive technology procedure. A small number of
patients are in severe pain due to anatomic changes in the pelvis,
such as adenomyosis and chronic pelvic inflammation (4). Hitherto
date, both general and regional anesthetics, including paracervicals,
spinals, and epidurals have been used, and various methods of
conscious sedation and analgesia have been attempted to reduce the
pain of patients (5). Whenever favorable analgesia with sedation
and rapid recovery is desired, propofol and remifentanil are
administered in ambulatory settings due to their pharmacokinetic
profile (6, 7). Propofol (2,6-diisopropylphenol, Diprivan, ICI
Pharmaceuticals, Manchester, UK) is widely used either as an
adjunct in general anesthesia or as a sole anesthetic agent by
continuous intravenous administration and intermittent bolus
injections for minor surgical interventions. For several years, this
anesthetic was used for painless oocyte retrieval in IVF (8). Some
studies have shown that propofol does not affect the postoperative
levels of female sex hormones (serum estradiol and follicle-
stimulating hormone [FSH]) after gynecologic surgery (9).
Nonetheless, the potential impact of propofol used in oocyte
retrieval on oocyte fertilization, embryo quality, and clinical
pregnancy also need to be explored further. The results of the
studies on the concentrations of propofol in follicular fluid during
oocyte retrieval in women showed that the anesthetic accumulated
in the follicular fluid in a dose- and time-dependent manner, which
might have potential adverse effects on the follicular quality (10). A
prolonged duration of anesthesia (>30 min) might seem to decrease
implantation and clinical pregnancy rates (7, 11). Some studies
showed that propofol has no effect on polar body extrusion in
oocyte maturation, pronucleus formation, and embryo
development of mice (12). However, a recent study showed that
the embryo number and quality, and pup count of rats decreased
with an increasing time of propofol administration (13). Another
study showed that propofol does not affect the fertilization rate
compared to an anesthetic ketamine (11); however, the data of
patients without anesthesia were not included and compared to the
propofol data in the study. Therefore, the effect of propofol on
fertilization, embryo quality, and offspring is still inconclusive and
needs to be studied further.

Therefore, the present study was undertaken to explore the
effects and safety of propofol on the oocyte retrieval rate, embryo
quality, and pregnancy outcomes.
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Methods

Reasons for selecting retrospective analysis
in this study

The use of a retrospective design in the study investigating the
effects of propofol on in vitro fertilization and embryo transfer
(IVE-ET) has several justifications, particularly when compared to
prospective or randomized approaches. Here are the key reasons:

Ethical Considerations: Retrospective studies are often chosen
when there are ethical concerns that prevent the use of a traditional
experimental design. In the context of IVF-ET, it may not be ethical
to withhold anesthesia from a control group, making a retrospective
design more suitable.

Efficiency in Time and Budget: Retrospective studies are more
efficient in terms of time and budget. They require fewer subjects
and utilize pre-existing secondary research data, which is cost-
effective and less time-consuming compared to the extensive
planning and execution required for prospective or
randomized studies.

Studying Rare or Unusual Exposures: Retrospective cohort
studies are particularly useful when studying rare or unusual
exposures, as well as diseases with a long latency or incubation
period. This is relevant in IVF-ET where the use of propofol may be
less common or have long-term effects that are not yet
fully understood.

Relatively Inexpensive and Quick: The use of previously
collected and stored records in a database means that
retrospective cohort studies are relatively inexpensive and quick
to perform. This is an advantage over prospective studies, which
require significant resources for data collection and follow-up.

Sequence of Risk and Outcome Factors: Both retrospective and
prospective cohort studies allow for the recording of exposure to
risk factors before the outcome occurs, which is crucial for
evaluating the sequence of risk and outcome factors.

However, it is important to acknowledge the limitations of
retrospective studies, such as the risk of research biases, including
recall bias and observer bias due to reliance on memory and self-
reported data. Additionally, retrospective studies cannot establish
causality, leading to lower internal and external validity. Despite
these limitations, retrospective studies can provide valuable
preliminary data that can inform the design of larger, more
rigorous prospective or randomized trials.

Subjects

This retrospective study consecutively enrolled 1187 patients
who were treated with IVF-ET cycles between June 2016 and 2017
at the Reproductive Center of Second Affiliated Hospital of
Wenzhou Medical University as the study subjects. Patient-
related data were retrieved from the hospital’s electronic
database system.

The inclusion criteria were as follows: (1) all candidates were
aged 21-46-years-old and met the IVF-ET indications; (2) all
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candidates undergoing IVF-ET for the first time; (3) all candidates
were subjected to the standardized long agonist protocol; (4) the
number of oocytes collected was >4.

The exclusion criteria were as follows: (1) endometrial
adhesion, submucosal myoma, or uterine diameters >65 mm:
these conditions can significantly affect the uterine environment
and the success of IVE-ET procedures. Including patients with
these conditions could introduce confounding variables that
might skew the results, making it difficult to attribute outcomes
to propofol anesthesia alone; (2) obvious infection after oocyte
retrieval: infections can have serious implications for patient
health and can also affect the success of IVF-ET; (3) history of
cardiopulmonary disease, hypertension, opioids, and
benzodiazepines, which can have systemic effects on the body,
potentially influencing the outcomes of IVF-ET (For example,
cardiopulmonary disease can affect oxygenation and blood flow,
which are critical for embryo development); (4) complications
with malignant tumors or other systemic diseases, such as an
active stage of systemic lupus erythematosus, that were not
suitable for pregnancy.

Study design

Oocyte retrieval with an anesthetic is not a routine operation
during IVF-ET in China. The pain caused by oocyte retrieval is
tolerable by most patients. However, patients who could not stand
the pain and met the criteria of anesthetic surgery could select
anesthetics during oocyte retrieval. Therefore, the patients who
were administered propofol as an anesthetic during oocyte retrieval
were consecutively enrolled in the current study as the propofol
group (n=140). The other patients enrolled during the same period
who met the inclusion criteria comprised the control group
(n=1047). All oocyte retrieval procedures were performed by the
same gynecologist. Oocyte retrieval rate, metaphase II (MII) oocyte
rate, two pronuclear (2PN) rate, cleavage rate, high-quality embryo

10.3389/fendo.2024.1497948

rate, and frozen embryo rate were analyzed. Among the 1187
patients, 1043 underwent fresh embryo transfer (propofol group
n=112, control group n=931); then, the biochemical pregnancy,
clinical pregnancy rate, early spontaneous abortion rate, ectopic
pregnancy rate, multiplets pregnancy rate, preterm delivery rate,
neonate weight, and sex ratio were analyzed between the two
groups (Figure 1).

In order to further analyze the correlation between the oocyte
retrieval rate and the oocyte retrieval operation with or without
anesthetics, the patients were divided into three subgroups
depending on the pre-ovulatory follicle count (<10, 11-20, and
>20) to eliminate the influence of inconsistent estimated pre-
ovulatory follicle count between the propofol and control
groups (Figure 1).

Superovulation program and
embryo culture

All patients were subjected to a long-term protocol of pituitary
downregulation with gonadotrophin-releasing hormone (GnRH)
agonist for controlled ovarian hyperstimulation (COH) as described
previously (14).

Patients who underwent oocyte retrieval with anesthesia were
deprived of food and water for >10 h. Then, intravenous access
was established and transferred into the operation room after
bladder voiding. Propofol was administered as the anesthetic
agent for the oocyte retrieval procedure. Dosing was tailored to
each patient’s weight, age, and overall health status, with a
standard dosage ranging from 2 to 3 milligrams per kilogram of
body weight. The operation was efficiently performed and
completed within a 20-minute timeframe. The vital signs were
closely monitored during the operation, including the blood
pressure (BP), mean arterial pressure (MAP), heart rate (HR),
and oxygen saturation (SpO2), and oxygen was administered at 2-
3 L/min. Postoperative monitoring included electrocardiogram

Propofol group
(n=140)

Meet the inclusion criteria

Grouped according to the pre-

<10
Propofol group (n=44);
Control group (n=531)

11-20

(n=1187)
Control group
(n=1047)
Freeze-all embryos
cycles (n=144)
Propofol group
(n=112)

Fresh embryo transfection cycles
(n=1043)

Control group
(n=931)

FIGURE 1

ovulatory follicle count

Propofol group (n=75);
Control group (n=481)

>20
Propofol group (n=21);
Control group (n=35)

Compare baseline characteristics, laboratory results,
and clinical outcomes

Flowchart. A total of 1187 cycles were consecutively enrolled in our single reproductive center during June 2016-2017. Among these, 1043 cycles
underwent fresh embryo transfection. Patients who employed propofol as an anesthetic for oocyte retrieval were consecutively enrolled in the
propofol group (n=140), and the others comprised the control group (n=1047). Then, each group was divided into three subgroups according to the
pre-ovulatory follicle count (<10, 11-20, and >20). The baseline information, laboratory data, and clinical outcomes were analyzed between

each subgroup.
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(ECG), non-invasive blood pressure (NIBP), and SpO2 every
15 min, along with pain (VAS scores) and nausea/vomiting
(PONYV) evaluation.

The embryos were cultured as described previously, and the
embryos were scored according to the 2011 Istanbul Consensus (15,
16). Briefly, fertilization was observed 20 h after insemination based
on the appearance of 2PN. The embryos were cultured in G-1 plus
and G-2 plus medium (Vitrolife Co., Ltd, Australia) at 37°C in a
humidified atmosphere with 6% CO,. A D3 embryo with 7-9
blastomere cells of an A or B grade was considered a high-quality
D3 embryo (15).

ET and luteal phase support

ET was performed under the guidance of transabdominal
ultrasound. The starting time of luteal phase support depended
on the serum P4 level on the day of hCG trigger, as described
previously (17). Briefly, when P was <1.2 ng/mL, luteal support was
initiated 1 day after oocyte retrieval. When P was >1.2 ng/mL, luteal
support was initiated 2 days after ovulation. If P was >1.5 ng/mL,
ET was canceled. Crinone gel and dydrogesterone tablets were used
for luteal phase support until days 13-14 after ET. In the case of
pregnancy, luteal support was continued until weeks 10-12
of pregnancy.

Outcome assessment

The present study aimed to analyze the laboratory data,
including the oocyte retrieval rate, MII oocyte rate, 2PN rate,
cleavage rate, high-quality embryo rate, frozen embryo rate, and
the clinical outcomes, which included biochemical pregnancy,
clinical pregnancy rate, early spontaneous abortion rate, ectopic
pregnancy rate, multiplets pregnancy rate, preterm delivery rate,
and neonate weight.

We also defined the laboratory and pregnancy outcomes in this
study according to “CSRM consensus on the key indicators for
quality control in IVF laboratory” (18).

1. Oocyte retrieval rate: number of oocytes retrieved/pre-
ovulatory follicle count (follicle diameter =12 mm was
counted on the hCG injection day)x100%.

2. MII oocyte rate: number of MII oocytes/number of
oocytes retrievedx100%.

3. 2PN rate: number of 2PN fertilized oocytes/number of
MII oocytesx100%.

4. Cleavage rate: number of cleaved embryos/number of 2PN
fertilized oocytesx100%.

5. High-quality embryo rate: number of high-quality D3
cleaved—embryos/number of cleavage embryosx100%.
Note, a D3 embryo with 7-9 blastomere cells of an A or
B grade was considered a high-quality D3 embryo.

6. Frozen embryo rate: number of frozen embryos/(total
number of embryos cultured—total number of
embryos transferred)x100%.
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7. Biochemical pregnancy rate: biochemical pregnancy cycle
number/fresh transfer cycle numberx100%. The
biochemical pregnancy was diagnosed when serum f-
hCG level was >25 IU/L on the 14" day after
embryo transfer.

8. Clinical pregnancy rate: clinical pregnancy cycle number/
fresh transfer cycle numberx100%. Clinical pregnancy was
diagnosed when =1 pregnancy sacs were observed on
ultrasound. The rate included normal intrauterine
pregnancy, ectopic pregnancy, and heterotopic pregnancy.

9. Early spontaneous abortion rate: number of spontaneous
abortion cycles within 12 weeks of pregnancy/number of
clinical pregnancy cyclesx100%.

10. Ectopic pregnancy rate: number of ectopic pregnancy
cycles/number of clinical pregnancy cyclesx100%.

11. Multiplets pregnancy rate: multiple pregnancy cycles/
number of clinical pregnancy cyclesx100%.

12. Live birth rate: number of live births/transfer cyclesx100%.

13. Preterm delivery rate: number of live births before 37
weeks/number of live birthsx100%.

Statistical analysis

The data were analyzed using the SPSS software (Version 17.0;
SPSS, Chicago, IL, USA). Student’s t-test was used to analyze the
continuous variables, and the chi-square test was used for non-
continuous variables. Before data analysis, a normality test was
conducted. For percentage data that deviates from a normal
distribution, such as multiple pregnancy rates and preterm birth rates,
an arcsine transformation was performed. After the transformation, the
data conformed to a normal distribution, and the t-test was continued
for analysis. All data are presented as mean + standard deviation (SD),
and p<0.05 was considered statistically significant.

Results
General characteristics

In this study, we analyzed 1187 IVE-ET cycles in patients who,
for the first time, underwent the assisted reproductive technology
(ART) treatment (Figure 1). We compared the patients’ clinical
outcomes, including the baseline information, the clinical
parameters, the laboratory data, and the clinical pregnancy
outcomes. The baseline information, including age, infertility
duration, body mass index (BMI), basal FSH, LH, E2, P, and the
antral follicle count (AFC) were similar between the two
groups (Table 1).

Clinical parameters

All patients received a long-term protocol, and the clinical
parameters are shown in Table 2. The level of E2 (2403.7 +
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TABLE 1 General characteristics of patients at baseline.

10.3389/fendo.2024.1497948

TABLE 3 In vitro fertilization laboratory data.

Propofol Control p- Control
Propofol
group (n=140) group (n=1047) value roup (n=140) group
SIEEL (n=1047)
Maternal
age (years) 30.6 (4.4) 32.1 (4.6) 0.439 No. of
8e 1y oot 136 (5.2) 114 (4.3) 0012
= oocytes retrieved
Infertility 3(24) 3.1(1.9) 0.12 ‘
duration (years) Oocyte retrieval
107 (41.1) 109 (36.4) 0.007
rate (%)
Maternal BMI
2 209 (2.9) 216 (2.6) 0.067
(kg/m®) No. of MII oocytes 11.9 (4.9) 9.7 (4.0) 0.007
Basal FSH 9
as 67 (26) 67 (22) . MII oocyte rate (%) 87.7 (13.4) 85.4 (15) 0.081
(mIU/mL)
No. of 2PN oocytes 9.5 (4.1) 7.8 (3.5) 0.038
Basal LH
(mIU/mL) 42(18) 43(19) 0.263 2PN rate (%) 80.2 (15.4) 80.4 (16.5) 0.297
Basic E2 level No. of 92 (4.0) 76 (35) 0.139
(pg/mL) 506 (18.4) 51.9 (16.6) 0.124 cleavage embryos o oL :
Progesterone Cleavage rate (%) 97.5 (6.1) 97.8 (6.6) 0.612
(ng/mL) 0.51 (0.27) 0.51 (0.26) 0.339
No. of D3 high- 3.7 (2.6) 27 (23) 0.004
AFC 13.3 (5.8) 11.3 (5.8) 0.841 quality embryos
Data are presented as mean (SD). No statistically significant differences were observed High-quality 412 (256 342 (247 0283
between the two groups. BMI: body mass index; FSH: follicle-stimulating hormone; LH: embryo rate (%) 2(256) 2(247) i
luteinizing hormone; E2: estradiol; AFC: antral follicle count.
No. of
frozen embrvos 4.6 (3.3) 3.2 (2.8) 0.004
1276.6 pg/mL vs. 2092.0 £ 1015.9 pg/mL, p=0.001) and the pre- R
i F b
ovulatory follicle count (14.2 + 6.8 vs. 11.1 + 4.7, p<0.001) was rtolz;l )em ryo 604 (332) 517 (348) 0.299
significantly higher in the propofol group than in control group. On ™€

the other hand, the total dose of Gn and days of Gn were similar
between the two groups.

In vitro fertilization outcome parameters

The laboratory results are summarized in Table 3. The number
of oocytes retrieved, number of MII oocytes, number of 2PN
oocytes, number of D3 high-quality embryos, and the number of
frozen embryos of the propofol group were significantly higher in
the propofol group than in the control group (p<0.05). Conversely,
no significant difference was detected in the MII oocyte rate, 2PN
rate, number of cleavage oocytes, cleavage rate, D3 high-quality
embryo rate, and frozen embryo rate between the two groups.
However, the oocyte retrieval rate was significantly higher in the

TABLE 2 Clinical parameters.

Control
Propofol group
roup (n=140

group ( 1Y)
Total does of 2163.8 (794.0) 24906 (927.0) 0.154
Gn (U) S - '
Gn 116 (2.2) 11.6 (2.6) 0.135
duration (days) o o .
E2 on the trigger 2403.7 (1276.6) 2092.0 (1015.9) 0.001
day (pg/mL)
Pre'»ovulatory 142 (6.8) 11.1 (4.7) 0
follicle count

Data are presented as mean (SD). Gn: gonadotrophin; E2: estradiol.

Frontiers in Endocrinology

Data are presented as mean (SD). No.: number; MII: metaphase II; 2PN: two pronucleus.

control group (109 *+ 36.4%) than in the propofol group (107 +
41.1%, p=0.007).

Pregnancy outcome parameters

A total of 1043 patients underwent fresh embryo transfer
(propofol group n=112, control group n=931). As shown in
Table 4, the propofol and control groups had similar biochemical
pregnancy rates, clinical pregnancy rates, early spontaneous
abortion rates, ectopic pregnancy rates, multiplets pregnancy
rates, live birth rates, neonate weight, and male to female ratio.
However, a statistically significant difference was detected in the
preterm delivery rates between the propofol group [9/65 (13.8%)]
and the control group [12/591 (2%), p<0.001], and twin pregnancy
was the main cause of preterm delivery [7/65 (10.8%) vs. 6/591
(1%), p<0.001].

Oocyte retrieval under painless operation
is valuable to obtain oocytes

To investigate the relationship between the oocyte retrieval rate
and the use of anesthesia during the procedure, patients were
stratified into three distinct subgroups based on the number of
pre-ovulatory follicles. This stratification aimed to mitigate the
impact of potential disparities in the estimation of pre-ovulatory
follicle counts between the propofol and control groups. The three
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TABLE 4 In vitro fertilization-embryo transfer pregnancy outcomes. Subgroups were as follows: pre-ovulatory follicle count <10 group

(Group 1; painless group, n=44; control group, n=531), pre-
Propofol Ci;gg;l ovulatory follicle count 10-20 group (Group 2; painless group,

group (n=112)

n=75; control group, n=481), and pre-ovulatory follicle count >20

group (Group 3; painless group, n=21; control group, n=35). Pre-

Biochemical . . . . . . .
rochemica 8/112 (7.1%) 55/931 (5.9%) 0.604 ovulatory follicle is a non-invasive diagnostic tool that assists
pregnancy rate
clinicians in estimating the quantity of oocytes that can be
Clinical pregnancy rate | 60/112 (53.6%) 534/931 (574%) | 0445 harvested and the likelihood of success in an IVE cycle. The
E;rly.spontaneous 9160 (15%) 61/534 (11.4%) 0415 thresholds established signify varying degrees of ovarian reserve.
abortion rate The baseline information, clinical parameters, and laboratory
Ectopic pregnancy rate 0/60 (0%) 5/931(0.5%) 0.569 data were compared among the subgroups. The baseline
Multiolet information and clinical parameters are summarized in
ultiplets
pregnancy rate 18/60 (30%) 133/534 (24.9%) 0.39 supplementary Supplementary Tables SI, S2. Furthermore, no
significant differences were observed in age, infertility duration,
Live birth rate 65/112 (58.0%) 591/931 (63.5%) 0.26
basal FSH, LH, E2, and P, AFC, days of Gn, total dose of Gn, E2 on
Preterm delivery rate 9/65 (13.8%) 12/591 (2.0%) 0 the trigger day, and pre-ovulatory follicle count between Groups 1
Preterm delivery rate 7165 (10.8%) 61591 (10%) . and 2, whereas the pre-ovulatory follicle count was higher in the
of twin pregnancy ’ ) propofol group than in the control group in Group 3 (26.1 £ 5.8 vs.
Neonate weight (g) 2826.0 (673.0) 2922.0 (657.0) 0281 23.1% 2.2, P=0.002).
The IVF outcome parameters are listed in Table 5; the results in
Male to female ratio 36/29 (1.34:1) 289/302 (0.96:1) 0.321 - .
the propofol group were similar to those of the control group in
Data are presented as mean (SD) or n (%). Group 1, while in Group 2, the number of oocytes retrieved (14.8 +

TABLE 5 In vitro fertilization laboratory data.

Group 1 (<10) Group 2 (11-20) Group 3 (>20)
Propofol Control Propofol Control Propofol Control
group group group group p- group group
(n=44) (n=531) GEVA)) (n=481) value (n=21) (n=35)
Pre-ovulatory 7.4 (19) 7.3 (18) 0388 147 (2.8) 146 (2.5) 0231 261 (58) 231 (2.2) 0.002
follicle count
No. of
_ 9.5 (3.1) 8.7 (3.0) 0875 | 148 (4.9) 141 (3.5) 0.001  17.4 (4.4) 165 (3.7) 0.53
oocytes retrieved
2‘;:’;2;5) retrieved 131.7 (40.7) 122.0 (41.8) 0641 | 103.4 (36.0) 97.9 (23.1) 0| 683 (20.1) 72,0 (17.1) 0567
0
No. of MII cocytes 8.5 (2.9) 7.2 (2.8) 0485 | 13.0 (4.5) 121 (3.3) 001 149 (5.5) 143 (3.5) 0.006
MII oocytes rate (%) | 89.0 (14.3) 84.0 (16.4) 0261 | 87.9 (11.3) 86.7 (13.4) 0.087 | 84.0 (17.8) 87.0 (11.3) 0.029
No. of 2PN oocytes | 7.1 (2.8) 5.8 (2.5) 0259 | 102 (3.8) 9.8 (3.3) 0112 10.8 (5.0) 112 (3.5) 0.021
2PN rate (%) 83.0 (15.9) 805 (18.2) 0219 81.0 (14.5) 805 (14.6) 0592 | 719 (15.2) 77.8 (14.6) 0.49
No. of cleavages 69 (2.7) 5.7 (2.4) 0298 102 (3.8) 9.5 (3.3) 0112 105 (5.0) 10.8 (3.4) 0.042
Cleavage rate (%) 97.5 (6.0) 983 (7.0) 044 | 974 (53) 97.4 (6.2) 0.794  97.7 (8.9) 96.8 (5.0) 0.984
No. of D3 high- 3.0 (19) 1.8 (1.7) 0092 | 4.0 (2.8) 3.5 (2.5) 0058 4.0 (3.3) 40 (2.9) 0.294
quality embryo
High-quality embryo
e () 442 (27.2) 31.8 (26.5) 0691 403 (24.1) 36.7 (22.6) 0397 | 381 (28.1) 365 (19.9) 0.025
No. of frozen embryo 3.3 (2.5) 2.0 (2.0) 0.07 | 5.1(3.3) 4.4 (3.0) 0.176 | 5.9 (4.0) 4.8 (3.1) 0.227
F
r::’:‘z;' )e mbryo 59.1 (36.4) 49.0 (38.1) 0356 59.4 (29.4) 546 (31.8) 0924 | 67.0 (39.5) 509 (21.2) 0.187
0

Data are presented as mean (SD). No.: number; MII: metaphase II; 2PN: two pronucleus.
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4.9 vs. 14.1 + 3.5, p=0.001) and the oocyte retrieval rate (103.4 +
36% vs. 97.9 + 23.1%, p<0.001) were significantly higher in the
propofol group than in the control group. Moreover, the number of
MII oocytes was higher in the propofol group than in the control
group (p=0.01). The MII oocyte rates, number of 2PN oocytes, 2PN
oocyte rates, number of cleavage embryos, number of D3 high-
quality embryos, high-quality embryo rates, number of frozen
embryos, and the frozen embryo rates were higher in the
propofol group, but the differences were not statistically
significant in Groups 1 and 2. In Group 3, the pre-ovulatory
follicle count was higher in the propofol group than in the
control group (26.1 = 5.8 vs. 23.1 = 2.2, p=0.002); however, the
number of oocytes retrieved was similar between the two
groups (p=0.53).

Discussion

Herein, we aimed to evaluate the effect of propofol anesthetic
used in IVF-ET on IVF outcomes, including oocyte retrieval
parameters and clinical success. The results showed that oocyte
retrieval under anesthesia with propofol in IVF-ET had no negative
effects on the fertilization rate, cleavage rate, embryo quality, frozen
embryo rate, clinical pregnancy rate, live birth, neonate weight, and
sex ratio, and no statistically significant difference was detected
between the propofol group and control group. Furthermore, the
oocyte retrieval operation under anesthesia could get more oocytes
when patients had a pre-ovulatory follicle count of 11-20. The
current study revealed that the outcome for oocyte retrieval under
anesthesia with propofol was safe with respect to IVF-ET
parameter; thus, it might be a safe and helpful choice for patients
to reduce the pain and fear while the embryo quality and clinical
pregnancy may not be influenced.

For several years, propofol has been used as a kind of anesthesia
in transvaginal oocyte retrieval for IVF, allowing a completely
painless puncture on an outpatient basis. Previous studies have
suggested that propofol may accumulate in follicular fluid (10), and
dose-and time-dependent toxic effects of propofol on fertilization
rates were reported in mice (19). However, no detrimental effects of
propofol on fertilization and the quality of embryos were detected in
humans (20). In the present study, the fertilization rate was similar
between the propofol and the control groups, consistent with the
previous study (11, 21). Unexpectedly, the number of oocytes
retrieved, number of normally fertilized oocytes, number of D3
high-quality embryos, and number of frozen embryos in the
propofol group were all higher than that in the control group. It
seems that propofol used in oocyte retrieval was beneficial and
harmless to IVF-ET, while a previous study showed no difference in
the embryo quality between patients who received propofol or other
anesthesia (21). However, the cited study’s limitation is that it did
not include or analyze patients who did not receive anesthesia.
Considering that the control group was not subjected to any form of
anesthesia, it would be advantageous to compare our findings with
those from studies that have assessed different anesthetic agents.
Consequently, our research would provide a more comprehensive
context for understanding the relative safety of propofol.
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One of the important aspects of this study that should be
discussed is the relationship between age and oocyte retrieval rate.
In the present study, the age in the propofol group was younger
than that in the control group, and the number of AFC in the
propofol group was more than in the control group, although not
significantly. However, the level of E2 on the trigger day and the
pre-ovulatory follicle count was significantly higher in the propofol
group compared with the control group. Previous studies showed
that age and AFC are related to fertility in domestic animals,
younger with higher AFC (22). Furthermore, AFC was also
correlated with oocyte count and the number of fresh and frozen
embryos in the patients between 20-32 years old (23), which was
consistent with the present study. However, the oocytes retrieved
rate in the control group was higher than in the propofol group. In
order to further analyze the relationship between the oocyte
retrieval rate and oocyte retrieval operation with or without
propofol, we divided the groups into three subgroups depending
on the pre-ovulatory follicle count. The data showed that in Group
2, the number of oocytes retrieved, oocyte retrieval rate, and
number of MII oocytes, were significantly higher in the propofol
group compared to the control group; meanwhile, in Group 3, the
propofol group had more mature oocytes and high-quality embryos
than in the control group. The results indicated that propofol used
during IVE-ET is beneficial for patients.

Another important aspect of this study that should be discussed
is the effect of propofol on IVF-ET pregnancy outcomes. A non-
significant difference in the biochemical pregnancy rate, the clinical
pregnancy rate, early spontaneous abortion rate, multiplets
pregnancy rate, ectopic pregnancy rate, and live birth was
observed in the present study. However, the preterm delivery rate
was significantly higher in the propofol group than in the control
group, and the preterm delivery rate of twin pregnancy was also
significantly higher in the propofol group. Twin pregnancies are at
increased risk of preterm delivery and constitute at least 10% of
cases of preterm delivery (24). The preterm birth risk was relatively
low for women in their late 30s; however, a twin pregnancy is
associated with an increased risk for most adverse perinatal
outcomes (25). The patients in the propofol group were younger
than those in the control group, and they may prefer to have twin
pregnancies at one time and select two embryos for transfer;
however, the risk of twin pregnancy could not be ignored. The
results hint that fresh Single-blastocyst-transfer (SBT) may offer
patients efficiency and security, as SBT can prevent high incidences
of complications such as multiple pregnancies and ovarian
hyperstimulation syndrome (26). On the other hand, some
studies suggests that propofol could be associated with an
elevated risk of preterm birth, possibly exerting its influence on
pregnancy outcomes through several pathways (27). These include
its possible effects on fetal organ development and alterations in
maternal hemodynamics (28). Consequently, additional studies are
imperative to elucidate the precise impact of propofol on preterm
birth rates and to uncover the mechanisms at play.

However, it is important to acknowledge the limitations of
retrospective studies, such as the risk of research biases, including
recall bias and observer bias due to reliance on memory and self-
reported data. Additionally, retrospective studies cannot establish
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causality, leading to lower internal and external validity. Despite
these limitations, this retrospective study can provide valuable
preliminary data that can inform the design of larger, more
rigorous prospective or randomized trials.

Owing to the constraints imposed by a limited sample size and
potential selection bias inherent in a single-center retrospective study,
future investigative efforts should prioritize multi-center
collaborations to broaden and diversify the dataset. It is also
imperative to incorporate regional patient demographics to
facilitate a more nuanced and thorough assessment of propofol’s
safety during the oocyte retrieval process. Furthermore, the long-term
safety for offspring must not be overlooked, necessitating additional
clinical follow-up studies to thoroughly address this critical aspect.

Conclusion

The findings of this study indicate that the use of propofol
during oocyte retrieval significantly enhanced the oocyte retrieval
rate among patients with an estimated pre-ovulatory follicle count
between 11 and 20. Importantly, propofol did not adversely affect
key reproductive outcomes, including fertilization rate, embryo
cleavage rate, embryo quality, frozen embryo rate, clinical
pregnancy rate, biochemical pregnancy rate, early spontaneous
abortion rate, multiplets pregnancy rate, ectopic pregnancy rate,
live birth rate, and sex ratio. However, a notable increase in the
preterm delivery rate was observed in the propofol group compared
to the control group, suggesting that the potential risks associated
with twin pregnancies should not be overlooked.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding author.

Ethics statement

The studies involving humans were approved by the Research
Ethical Committee of the Second Affiliated Hospital of Wenzhou
Medical University (2022-K-91-02). The studies were conducted in
accordance with the local legislation and institutional requirements.

References

1. Warner L, Jamieson DJ, Barfield WD. CDC releases a national public health
action plan for the detection, prevention, and management of infertility. ] Womens
Health (Larchmt). (2015) 24:548-9. doi: 10.1089/jwh.2015.5355

2. Zhou Z, Zheng D, Wu H, Li R, Xu S, Kang Y, et al. Epidemiology of infertility in
China: a population-based study. BJOG. (2018) 125:432-41. doi: 10.1111/1471-
0528.14966

3. Tamura H, Yoshida H, Kikuchi H, Josaki M, Mihara Y, Shirafuta Y, et al. The
clinical outcome of Dienogest treatment followed by in vitro fertilization and embryo

Frontiers in Endocrinology

10.3389/fendo.2024.1497948

The participants provided their written informed consent to
participate in this study.

Author contributions

XL: Writing - review & editing, Writing — original draft. FZ:
Writing — review & editing. XL: Writing — review & editing, Data
curation. HX: Writing - review & editing, Formal analysis. JZ:
Writing - original draft, Funding acquisition.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. The
proofreading and layout fees for the article will be supported by
Zhejiang Province Medical and Health Science and Technology
Plan (Grant No. 2023RC050) and Zhejiang Province Traditional
Chinese Medicine Science and Technology Plan (Grant
No. 2024ZL107).

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fend0.2024.1497948/
full#supplementary-material

transfer in infertile women with endometriosis. ] Ovarian Res. (2019) 12:123.
doi: 10.1186/513048-019-0597-y

4. Ockhuijsen HDL, Ophorst I, Hoogen AVD. The experience of dutch women
using a coping intervention for oocyte retrieval: A qualitative study. J Reprod Infertil.
(2020) 21:207-16.

5. Kwan I, Bhattacharya S, Knox F, McNeil A. Conscious sedation and analgesia for
oocyte retrieval during IVF procedures: a Cochrane review. Hum Reprod. (2006)
21:1672-9. doi: 10.1093/humrep/del002

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fendo.2024.1497948/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2024.1497948/full#supplementary-material
https://doi.org/10.1089/jwh.2015.5355
https://doi.org/10.1111/1471-0528.14966
https://doi.org/10.1111/1471-0528.14966
https://doi.org/10.1186/s13048-019-0597-y
https://doi.org/10.1093/humrep/del002
https://doi.org/10.3389/fendo.2024.1497948
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Liu et al.

6. Shao X, QinJ, Li C, Zhou L, Guo L, Lu Y, et al. Tetracaine combined with propofol
for painless oocyte retrieval: from a single center study. Ann Palliat Med. (2020)
9:1606-13. doi: 10.21037/apm-19-273

7. Jarahzadeh MH, Jouya R, Mousavi FS, Dehghan-Tezerjani M, Behdad S, Soltani
HR. Propofol or Thiopental sodium in patients undergoing reproductive assisted
technologies: Differences in hemodynamic recovery and outcome of oocyte retrieval:
A randomized clinical trial. Iran J Reprod Med. (2014) 12:77-82.

8. Liang FG, Shi YS, Ding H, Zhou W, Gu MN. Application of subclinical doses of
pentazocine and propofol in painless vaginal egg retrieval. Nan Fang Yi Ke Da Xue Xue
Bao. (2011) 31:373-6.

9. Kim H, Ku SY, Kim HC, Suh CS, Kim SH, Choi YM. Effects of anesthetic agent
propofol on postoperative sex hormone levels. Geburtshilfe Frauenheilkd. (2016)
76:408-12. doi: 10.1055/s-0041-111571

10. Coetsier T, Dhont M, De Sutter P, Merchiers E, Versichelen L, Rosseel MT.
Propofol anaesthesia for ultrasound guided oocyte retrieval: accumulation of the
anaesthetic agent in follicular fluid. Hum Reprod. (1992) 7:1422-4. doi: 10.1093/
oxfordjournals.humrep.al137586

11. Tola EN. The effect of anesthetic agents for oocyte pick-up on in vitro
fertilization outcome: A retrospective study in a tertiary center. Taiwan ] Obstet
Gynecol. (2019) 58:673-9. doi: 10.1016/j.tjog.2019.07.016

12. Duan XG, Huang ZQ, Hao CG, Zhi XJ, Qi XB, Ren L, et al. The role of propofol
on mouse oocyte meiotic maturation and early embryo development. Zygote. (2018)
26:261-9. doi: 10.1017/S0967199418000163

13. Budak O, Bostanci MS, Tuna A, Toprak V, Cakiroglu H, Gok K. The effect of
Propofol versus Dexmedetomidine as anesthetic agents for oocyte pick-up on in vitro
fertilization (IVF) outcomes. Sci Rep. (2021) 11:23922. doi: 10.1038/s41598-021-
03177-z

14. Ying Y, Lu X, Zhang H, Arhin SK, Hou X, Wang Z, et al. Clinical and perinatal
outcomes of fresh single-blastocyst-transfer cycles under an early follicular phase
prolonged protocol according to day of trigger estradiol levels. Peer]. (2021) 9:
€11785. doi: 10.7717/peerj.11785

15. Alpha Scientists in Reproductive M, Embryology ESIGo. The Istanbul consensus
workshop on embryo assessment: proceedings of an expert meeting. Hum Reprod.
(2011) 26:1270-83. doi: 10.1093/humrep/der037

16. Ying Y, Yang T, Zhang H, Liu C, Zhao J. Prolonged pituitary down-regulation
with full-dose of gonadotropin-releasing hormone agonist in different menstrual cycles:
a retrospective cohort study. Peer]. (2019) 7:¢6837. doi: 10.7717/peer;j.6837

Frontiers in Endocrinology

09

10.3389/fendo.2024.1497948

17. Zhang HN, Ying YF, Xi HT, Lu XS, Zhao JZ, Chen YL. Comparison of
pregnancy outcomes between single-morula embryo transfer and single-blastocyst
transfer in fresh IVF/ICSI cycles. Med Sci Monit. (2021) 27:€928737. doi: 10.12659/
MSM.928737

18. CSRM. Chinese Society of Reproductive Medicine (CSRM) consensus on key
indicators for quality control in IVF laboratory. J Reprod Med. (2018) 27:836-51.
doi: 10.3969/j.issn.1004-3845

19. Tatone C, Francione A, Marinangeli F, Lottan M, Varrassi G, Colonna R. An
evaluation of propofol toxicity on mouse oocytes and preimplantation embryos. Hum
Reprod. (1998) 13:430-5. doi: 10.1093/humrep/13.2.430

20. Ben-Shlomo I, Moskovich R, Golan J, Eyali V, Tabak A, Shalev E. The effect of
propofol anaesthesia on oocyte fertilization and early embryo quality. Hum Reprod.
(2000) 15:2197-9. doi: 10.1093/humrep/15.10.2197

21. Goutziomitrou E, Venetis CA, Kolibianakis EM, Bosdou JK, Parlapani A,
Grimbizis G, et al. Propofol versus thiopental sodium as anaesthetic agents for
oocyte retrieval: a randomized controlled trial. Reprod BioMed Online. (2015)
31:752-9. doi: 10.1016/j.rbmo.2015.08.013

22. Goncalves GR, Morotti F, Colombo AHB, Bonato DV, Bizarro-Silva C, Rosa CO,
et al. Influence of age and ovarian antral follicle count on the reproductive
characteristics of embryo donor mares. Vet Rec. (2020) 186:564. doi: 10.1136/vr.105526

23. Shahrokh Tehraninezhad E, Mehrabi F, Taati R, Kalantar V, Aziminekoo E,
Tarafdari A. Analysis of ovarian reserve markers (AMH, FSH, AFC) in different age strata
in IVF/ICSI patients. Int ] Reprod BioMed. (2016) 14:501-6. doi: 10.29252/ijrm.14.8.501

24. Rode L, Tabor A. Prevention of preterm delivery in twin pregnancy. Best Pract
Res Clin Obstet Gynaecol. (2014) 28:273-83. doi: 10.1016/j.bpobgyn.2013.11.002

25. McLennan AS, Gyamfi-Bannerman C, Ananth CV, Wright JD, Siddiq Z,
D'Alton ME, et al. The role of maternal age in twin pregnancy outcomes. Am J
Obstet Gynecol. (2017) 217:80 el-8. doi: 10.1016/j.ajog.2017.03.002

26. Zeng M, Li L. Single fresh blastocyst transfer or single cryopreserved-thawed
blastocyst transfer: which is preferable for infertile patients in IVF/ICSI cycles? A meta-
analysis. Gynecol Endocrinol. (2019) 35:17-22. doi: 10.1080/09513590.2018.1490408

27. Meyer S, Bay J, Poryo M. Propofol in preterm neonates. Acta Paediatr. (2021)
110:1692. doi: 10.1111/apa.15759

28. Sandra L, Smits A, Allegaert K, Nicolai J, Annaert P, Bouillon T. Population
pharmacokinetics of propofol in neonates and infants: Gestational and postnatal age to
determine clearance maturation. Br J Clin Pharmacol. (2021) 87:2089-97. doi: 10.1111/
bep.14620

frontiersin.org


https://doi.org/10.21037/apm-19-273
https://doi.org/10.1055/s-0041-111571
https://doi.org/10.1093/oxfordjournals.humrep.a137586
https://doi.org/10.1093/oxfordjournals.humrep.a137586
https://doi.org/10.1016/j.tjog.2019.07.016
https://doi.org/10.1017/S0967199418000163
https://doi.org/10.1038/s41598-021-03177-z
https://doi.org/10.1038/s41598-021-03177-z
https://doi.org/10.7717/peerj.11785
https://doi.org/10.1093/humrep/der037
https://doi.org/10.7717/peerj.6837
https://doi.org/10.12659/MSM.928737
https://doi.org/10.12659/MSM.928737
https://doi.org/10.3969/j.issn.1004-3845
https://doi.org/10.1093/humrep/13.2.430
https://doi.org/10.1093/humrep/15.10.2197
https://doi.org/10.1016/j.rbmo.2015.08.013
https://doi.org/10.1136/vr.105526
https://doi.org/10.29252/ijrm.14.8.501
https://doi.org/10.1016/j.bpobgyn.2013.11.002
https://doi.org/10.1016/j.ajog.2017.03.002
https://doi.org/10.1080/09513590.2018.1490408
https://doi.org/10.1111/apa.15759
https://doi.org/10.1111/bcp.14620
https://doi.org/10.1111/bcp.14620
https://doi.org/10.3389/fendo.2024.1497948
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Effects and safety of propofol intravenous anesthesia in transvaginal oocyte retrieval on outcomes of in vitro fertilization and embryo transplantation
	Introduction
	Methods
	Reasons for selecting retrospective analysis in this study
	Subjects
	Study design
	Superovulation program and embryo culture
	ET and luteal phase support
	Outcome assessment
	Statistical analysis

	Results
	General characteristics
	Clinical parameters
	In vitro fertilization outcome parameters
	Pregnancy outcome parameters
	Oocyte retrieval under painless operation is valuable to obtain oocytes

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


