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Abstract
Background: the aim of this study was to compare the effects of analgesia with remifentanil 

versus anesthesia with propofol and alfentanil on in vitro fertilization outcome.

Methods: the study included 58 women undergoing ultrasound transvaginal oocyte retrieval, 
who were randomized to receive either analgesia with remifentanil (n=29) or anesthesia with 
propofol and alfentanil (n=29). the subjects were compared for number of collected and matured 
oocytes, fertilization rate, cleavage rate, implantation rate, pregnancy rate, and embryo quality. 
Anesthesia related side effects and both patient and gynecologist satisfaction were recorded.

Results: There were no significant differences in collected oocytes, matured oocytes, 
fertilization and cleavage rate, embryo quality and implantation and pregnancy rate between the 
two groups. there was no difference regarding side effects and both patient and gynecologist 
satisfaction.

Conclusions: Analgesia with remifentanil compared with anesthesia with propofol and 
alfentanil, provided equally effective and safe anesthesia during ultrasound transvaginal oocyte 
retrieval.

Introduction
ultrasound transvaginal oocyte retrieval constitutes a day case surgery and can be performed 

under different patterns of anesthesia such as sedation, and general or locoregional anesthesia1-3. 
however, the administered anesthetic agents, opiates and local anesthetics have been detected 
in the follicular fluid4-6, and their deleterious potentials on the oocytes have been reported in 
experimental studies7,8. in human beings, previous studies have investigated the effect of anesthesia 
on reproductive techniques outcome but have yielded contradictory findings9-12. differences 
with regard to the study design and randomization, the anesthetic drugs used, or the anesthetic 
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technique performed, may are attributed to these 
different findings. Thus, we re-examined the question 
of whether anesthetic regimen used during ultrasound 
transvaginal oocyte retrieval is associated with in vitro 
fertilization (ivf) outcome using a standard research 
protocol.

propofol, remifentanil, and alfentanil are 
indicated for anesthesia provision in day case 
operations due to their rapid onset of action and short 
duration. in the present prospective randomized study, 
our primary goal was to compare the effect of analgesia 
with remifentanil versus anesthesia with propofol and 
alfentanil on ivf outcome in terms of their impact 
on fertilization rate, cleavage rate, implantation rate, 
pregnancy rate, and embryo quality. A secondary aim 
was to compare their anesthetic profile with regard to 
their efficacy, safety and acceptance of both patient 
and gynecologist.

Materials and Methods
the clinical trial took place at the “AttiKon” 

university hospital (Athens, greece) after the study 
protocol was approved by the hospital ethics and 
research committee (chairperson prof s. raptis) 
on 18 february 2004. the study was a prospective 
randomized comparative study and performed in 
accordance with good clinical practice guidelines. 
All oocyte retrieval procedures were performed by 
the same gynecologist. written informed consent was 
obtained from all women.

Patients
fifty eight women, AsA i-ii, scheduled for 

ultrasound transvaginal oocyte retrieval as day-case 
patient, were enrolled in the present study. ovarian 
stimulation was performed with either gonadotrophin 
releasing hormone (gnrh) analogue (protocol i) 
or gnrh antagonist (protocol ii) and followed 
by recombinant follicular stimulating hormone 
(rfsh). human chorionic gonadotrophin (hcg) was 
administered when at least three follicles attained a 
mean diameter of 17 mm. ultrasound transvaginal 
oocyte retrieval was performed 36-38 hours after 
hcg administration. the prognostic factors as age, 
body weight, duration of anesthesia, smoking habit, 
infertility (primary or secondary) and ivf protocol 

were recorded.

Exclusion criteria
exclusion criteria in terms of anesthesia 

included: patient refusal, morbid obesity, increased 
gastroesophagic reflux; history of severe cardiovascular, 
respiratory or other systemic disease; known history of 
allergy or sensitivity to any anesthetic drug used in the 
present study.

in terms of infertility history the exclusion criteria 
included: women’s age >44 years; primary ovarian 
failure and basal FSH>12 IU/L; women to be known 
as poor responders in previous ivf cycles (less than 3 
oocytes obtained); women with more than 3 previous 
attempts.

Study design
All patients were fasted and unpremedicated, and 

received midazolam 2 mg intravenous (iv) just before 
starting the procedure. Afterwards, women were 
randomly assigned into two groups (with the closed 
envelope method, 29 women each group) and received 
either analgesia with remifentanil (ultivatm solution 
50 μg.ml-1) (rem group) or anesthesia with propofol 
and alfentanil (pA group).

In REM group, a bolus dose 1 μg.kg-1 of 
remifentanil was administered slowly during one 
minute following by a continuous iv infusion in a rate 
of 0.15-0.4 μg.kg-1.min-1. in pA group, induction of 
anesthesia was achieved with iv propofol 2 mg.kg-1 and 
alfentanil 15 μg.kg-1, and was maintained with propofol 
continuous infusion in a rate of 2-4 mg.kg-1.h-1. the 
continuous infusion of either remifentanil or propofol 
was stopped after the extraction of the last oocyte, 
while the total dose given was recorded, respectively. 
All patients were spontaneously breathing. A venturi 
mask was used to provide a 50% oxygen-enriched 
air. noninvasive blood pressure (niBp), ecg, spo2 
(Datex-ohmeda, 5250 rGM, Louisville, USA), and 
end tidal pco2 were included in the intraoperative 
monitoring.

intraoperatively, adverse effects such as airway 
obstruction and rigidity, as well as the necessity for 
ventilation support using the bag-mask technique 
(whenever an increase of end-tidal pco2 >40 mmhg 



M.E.J. ANESTH 21 (5), 2012

687AnAlgesiA with remifentAnil versus AnesthesiA with propofol-AlfentAnil for trAnsvAginAl 
oocyte retrievAl: A rAndomized triAl on their impAct on in vitro fertilizAtion outcome

or a decrease of spo2 <97% was observed) were 
recorded. moreover, intra- and/or postoperative 
nausea and vomiting was estimated using a 4-scale 
descriptive scale (none, nausea only, less than 
2 episodes of vomitus, more than 2 episodes of 
vomitus). duration of anesthesia, total number of 
collected oocytes, and number of matured oocytes 
were also recorded. postoperatively, both patient 
and gynecologist satisfaction regarding anesthetic 
technique was assessed by a 2-point scale (yes/no) 
for the following questions: Are you satisfied with the 
anesthetic technique used? would you prefer again the 
same anesthetic?

Laboratory Fertilization Procedures
during oocyte retrieval procedure, the 

embryologist (who was blinded to the group 
allocation) examined the follicular aspirates under 
a stereo dissecting microscope with heated stage at 
approximately 37oc and collected the oocytes inside a 
4 well culture dish filled with HEPES Buffered MHTF 
(Modified Human Tubal Fluid) covered with sterile 
mineral oil. As soon as the oocyte retrieval procedure 
was completed, the oocytes recovered were washed and 
transferred in pre-equilibrated culture medium (ivf 
fertilizing medium) inside a 4 well culture dish. the 
name of the patient and the precise oocyte number were 
clearly written on top of the dish. then the embryologist 
returned the specific dish inside the incubator, where it 
remained until the time of insemination (approximately 
3-4 hours after oocyte retrieval procedure or 40 hours 
after ovulation induction). the interval between the 
induction of sedation and transfer of retrieved oocytes 
into the incubator and culture medium was less than 
15 minutes.

the incubators in ivf are using 6% co2 gas or 
gas mixture, in order to maintain stable ph (7.2-7.4) in 
the culture medium and temperature (37o c).

After insemination the embryologist returned 
the oocytes inside the incubator where they were 
remaining overnight. the next morning (16-20 hours 
after insemination), fertilization was assessed under 
an inverted microscope and normal fertilized oocytes 
were transferred in a new culture dish with fresh 
pre-equilibrated culture medium (cleavage medium) 
and returned inside the incubator where they were 

remaining until the day of transfer (usually day-2 or 
day-3 after oocytes retrieval procedure).

oocytes were fertilized either via the conventional 
insemination (ivf) or the intracytoplasmic sperm 
injection (icsi) based on the couples’ fertility 
history. icsi was performed in cases with male 
factor or previous failure of fertilization in standard 
ivf, in some cases of unexplained infertility as 
well. fertilization was assessed 16-18 hours after 
conventional insemination or icsi procedure. embryo 
transfer was performed either on day 2 or day 3 after 
the oocyte retrieval. up to 3 embryos were transferred 
according to the couples’ clinical features. good 
quality embryos were defined as grade-1 and grade-2 
according to the morphological features following the 
scale 1-5 (grade-1: the best, grade-5: the worst)13. ivf 
parameters under investigation were: fertilization rate: 
number of oocytes fertilized to the number of oocytes 
obtained;

cleavage rate: number of embryos divided to the 
total number of embryos; Embryo quality: the number 
of good quality embryos meaning the total number of 
grade-1 and grade-2 embryos;

frozen embryos: the number of grades 1 and 2 
embryos were cryostored. According to the protocol 
only good embryos (grade 1 and 2) are cryostored; 
implantation rate: number of gestational sacs to the 
number of embryos transferred;

clinical pregnancy rate: no of ongoing 
pregnancy>16 weeks of gestation/ total women who 
underwent ivf treatment per transferred.

Statistical Analysis
Based on data obtained from our centre we 

calculated that approximately 66.67% of the total 
number of oocytes would be fertilized. we estimated 
that a 25% difference on the fertilization rate of oocytes 
between the two groups (α = 0.05; 1-β= 80%) would 
be clinically significant and therefore a minimum 
of 135 oocytes would be required per group. given 
our sample characteristics (poor ivf responders and 
women with more than 3 previous attempts would be 
excluded) we calculated from our centre statistics that 
approximately 5 oocytes would be retrieved as a mean 
from each woman. we therefore decided to enroll at 



688 mAtsotA, p. et. al

least 28 women per group to reach adequate power.

statistical analyses were performed with spss 
13.0 for windows (spss inc., chicago, il, usA). 
results in text and tables are expressed as mean ± sd, 
number/percentage within group or median (range) as 
appropriate. normally distributed data were analyzed 
using the student’s t test or analysis of variance for 
repeated measurements with the Bonferroni correction, 
whereas for analysis of categorical and skewed data 
mann – whitney u test, χ2 test, or Kruscal-wallis tests 
were used as appropriate. regression analysis was 
used in order to assess impact of independent variables. 
A value of P < 0.05 was considered statistically 
significant.

Results
fifty eight women were consecutively enrolled 

in the present study (figure 1). demographics and 
prognostic factors are listed in table 1. No significant 
differences in age, body weight, smoking habit, AsA 
physical status, cause of infertility, ovulation protocol 
used and duration of anesthesia were observed. in all 
patients the recorded changes of heart rate and niBp 
during the observation period where without any 
clinical importance, as these changes were less than 
20% of the baseline values. remifentanil consumption 
was 485 ± 215 μg in the REM group and the 
average infusion rate was 0.334 μg/kg/min. Propofol 
consumption was 188 ± 73 mg in the pA group and the 
infusion rate averaged 2.97 mg/kg/hr.

Assessed for eligibility (n=58 ) 

Excluded (n=0) 

   Not meeting inclusion criteria 

(n=0) 

   Declined to participate (n=0) 

   Other reasons (n=0 ) 

Analysed (n= 29) 

Excluded from analysis (n=0) 

Lost to follow-up (n=0) 

Discontinued intervention (n= 0) 

Allocated to intervention (n= 29) 

 Received allocated intervention (n=29) 

 Did not receive allocated intervention  

(n= 0) 

Lost to follow-up (n=0) 

Discontinued intervention (n= 0) 

Allocated to intervention (n=29) 

 Received allocated intervention (n=29) 

 Did not receive allocated intervention 

(n=0) 

Analysed (n= 29) 

Excluded from analysis (n=0) 
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table 1 
Patient demographics, cause of infertility, ovarian stimulation 

protocol used and duration of anesthesia in the two groups.

PA
n=29

REM
n=29

p

Age (yrs) 35.5 ± 5 34 ± 4.8 0.245

weight (kg) 61.5 ± 7 62 ± 10 0.669

smokers (n/%) 9/31% 8/28% 0.773

AsA class (i/ii) 28/1 27/2 0.553

cause of infertility 
(primitive/secondary)

24/5 27/2 0.227

ovarian stimulation 
protocol (i/ii)*

13/16 11/18 0.594

Anaesthesia time (min) 21.4 ± 8 20.4 ± 7 0.646
* protocol i: ovarian stimulation with gonadotrophin releasing 
hormone analogue.
protocol ii: ovarian stimulation with gonadotrophin releasing 
hormone antagonist.
pA = propofol-alfentanil group, rem = remifentanil group.

the side effects recorded in both groups (table 2) 
were similar with the exception of airway obstruction 
and need for bag ventilation that was significantly 
higher in the pA group. though no difference was 
observed regarding nausea and vomiting, two patients 
in propofol-alfentanil group had 1 episode of vomiting 
postoperatively. patient satisfaction was similar in 
both groups (pA=29 patients, rem=27 patients) and 
the vast majority of patients were willing to repeat the 
procedure with the same anesthesia protocol (pA=29 
patients, rem=27 patients). similarly, surgeon 
satisfaction was similar in both groups and only in one 
patient per group the surgeon was not satisfied with the 
anesthesia protocol.

table 2 
incidence of side effects in the two groups

PA
n=29

REM
n=29

P

nausea and vomiting: 
    - none
    - nausea
    - < 2 episodes of vomitus
     - > 2 episodes of vomitus

27
0
2
0

29
0
0
0

0.150

Airway obstruction 6 1 0.044
need for mask ventilation 23 5 0.001
rigidity 0 1 0.313

pA = propofol-alfentanil group, rem = remifentanil group.

the number of oocytes retrieved, fertilized as well 
as the number of embryos cleaved and transferred are 
summarized in table 3. we also report the mean number 
of frozen embryos in each group. A post hoc power 
analysis revealed that from the data obtained from our 
study, power was calculated 87% for cleavage rate and 
89% for the implantation rate. the results did not differ 
significantly in the two groups. On the contrary we 
observed a difference in the cleavage characteristics 
according to their morphological criteria. more 
grade-1 embryos were recorded in the rem group 
whereas more grade-3 embryos were recorded in the 
PA group and this finding was statistically significant. 
however when these results were adjusted for age 
using regression analysis the difference observed in 
embryo quality was no longer statistically significant. 
No other significant differences were observed in 
the implantation rate or the number of embryos that 
achieved pregnancy (table 3).

table 3 
Effect of anesthetic technique on in vitro fertilization outcome

PA REM P

women 29 29 -
oocytes retrieved (n) 230 271 -
mature oocytes (n / %) 155 / 67% 199 / 73% ns
oocytes fertilized (n/%) 146 / 63.5% 165 / 60.8% ns
embryos cleaved (n/%) 112 / 76.7% 129 / 78.2% ns
embryos transferred (n) 59 58

- Quality 1 embryos 
(n)
- Quality 2 embryos 
(n)
- Quality 3 embryos 
(n)

28
23
8

36
21
1

0.0382

embryos cryostored 
(mean ±sd)

1.4 ± 2.3 2.5 ± 3.8 ns

embryos implanted 
(n/%)

12 / 20.3% 15 /25.8% ns

clinical pregnancy rate 10/29 (34.4%)10/29 (34.4%) ns

pA = propofol-alfentanil group, rem = remifentanil group. ns 
= not significant.

Discussion
in the present study, we investigated comparatively 

two different anesthetic techniques performed to 
women undergoing ultrasound transvaginal oocyte 
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retrieval: analgesia with remifentanil versus anesthesia 
with propofol and alfentanil. we tested the hypothesis 
of whether these two different anesthetic regimens 
could affect differently the ivf outcome and we 
found no differences between them with respect to 
the number of collected and matured oocytes, and the 
fertilization, cleavage, implantation and pregnancy 
rate, respectively. the observed pregnancy rate in both 
groups was similar and was in agreement with the 
pertinent literature on ivf achieved pregnancy rate14. 
on the contrary, the superiority of remifentanil was 
revealed initially with regard to the quality of embryo 
transferred. however, this difference failed to hold true 
when our results were adjusted for age. noticeably, no 
difference was observed in the number of the frozen 
embryos, and we have to point out that the frozen 
embryos were only good quality, since according 
to our protocol only good quality embryos (grade-1 
and grade-2) were cryostored. the embryo quality 
is strongly related to the implantation potential, that 
means the likelihood of implantation for grade-1 and 
grade-2 embryos is higher compared to grade 3 and 415. 
so far, no differences in terms of embryo quality have 
been described between the two different protocols 
used for ovarian stimulation16, but it is well known that 
ivf success is multifactorial hence a multiplicity of 
other variables may play a role.

oocyte retrieval is a short but quite stressful 
experience for women. social and psychological 
factors contribute to the stress, while pain results from 
penetration of the vaginal mucosa and the ovarian 
capsule. in the present study, midazolam was given to 
all patients for allaying their anxiety, since midazolam 
has not been proven having detrimental effects 
on ivf outcome, although small amounts of this 
benzodiazepine can be detected in follicular fluid4,17.

for analgesia provision during the entire procedure 
we administered either alfentanil or remifentanil. 
Both opioids are indicated for day-case procedures 
due to their pharmacokinetic profile. Alfentanil has 
been shown to have a very low penetration into the 
follicular fluid achieving concentrations about ten-
fold smaller than those in the serum at the same time 
points5. continuous intravenous administration of 
remifentanil for oocyte retrieval was compared with 
local anesthesia in a recent study by milanini et al, 

who found that remifentanil facilitates the retrieval of 
oocytes without interfering in their quality or embryo 
score3. moreover, hammadeh et al, recommend the 
use of remifentanil for ivf oocyte retrieval, since 
they did not find any negative effect on IVF outcome, 
when they compared the combination of remifentanil 
with either propofol or isoflurane versus sedation with 
midazolam or propofol18. of interest, their cleavage and 
pregnancy success rates (namely, 53.3% and 23.6%, 
respectively) were lower than our findings in those 
patients who received remifentanil (78.2% and 25.8%, 
respectively). these differences could be attributed to 
the fact that in their study remifentanil was not used 
as a sole anesthetic agent but was administered in 
combination with either propofol or isoflurane.

propofol is widely used in assisted reproduction 
but its effect on ivf outcome has not been completely 
clarified. though christiaens et al6, have shown that 
propofol follicular concentration increases with 
time, more recent studies have not documented 
a determinant effect on reproductive outcome9,11. 
in a comparison between propofol-based general 
anesthesia and paracervical block, no difference has 
been found between the fertilization rates or embryo 
cleavage characteristics12. conversely, coetsier et al, 
report a time-depended toxic effect of propofol even at 
very low concentrations depending on the duration of 
the exposure, but a small number of patients have been 
included in their study19.

in a retrospective study by wilhelm et al, patients 
who received analgesia with remifentanil had a 
significantly greater pregnancy rate with IVF (28.2%) 
comparing to those underwent general anesthesia with 
either propofol or isoflurane and alfentanil (16.3%)20. 
three reasons may have contributed to the decreased 
pregnancy rate observed in their work in those patients 
who underwent general anesthesia. first, the propofol 
maintenance rate used in the above study (4-8 mg.kg-

1.h-1) was two-fold higher comparing to our study 
(propofol continuous infusion 2-4 mg.kg-1.h-1). second, 
in their study the duration of anesthesia was significantly 
longer with general anesthesia than with remifentanil 
analgesia (namely, 50±12 vs 28±8, respectively), a 
fact with increased clinical significance as prolonged 
exposure to anesthetics may adversely affect oocyte 
fertilizability19. third, propofol co-administered 
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with 60% n2o in oxygen, a combination which has 
been proven to have deleterious effect on oocytes 
and cleavage ratio21. in our prospective randomized 
study, a 50% oxygen-enriched air was provided to all 
patients, while no difference was revealed between the 
two groups regarding the duration of anesthesia (mean 
time was 20.4 and 21.4 in remifentanil and propofol-
alfentanyl group, respectively), which was almost 2.5 
fold shorter than the mean time observed in the general 
anesthesia group of the above study.

the optimal anesthetic technique for ivf should 
provide increased comfort level of both patient and 
gynaecologist to maximize the harvesting of oocytes, 
and have no side effects. therefore, we compared the 
anesthetic profile of analgesia with remifentanil versus 
general anesthesia with propofol and alfentanil. in the 
present study, no differences were revealed between 
the two under investigation anesthetic techniques 
regarding the number of collected oocytes, side 
effects (with the exception of the observed increased 

airway obstruction and need for bag-mask ventilation 
in propofol-alfentanyl group), and satisfaction. 
Both patients and gynecologist reported increased 
satisfaction, a fact that is really important, since there 
is lack of studies regarding patient and/or gynecologist 
satisfaction, especially with anesthesia performed for 
reproductive procedures.

in conclusion, the clinical suitability for 
ultrasound transvaginal oocyte retrieval of both 
analgesia with remifentanil and anesthesia with 
propofol - alfentanil has been shown in our study. Both 
anesthetic regimens revealed similar anesthetic profile 
with regard to their efficacy, safety, and satisfaction of 
both women and gynecologist, and affected similarly 
fertilization, cleavage, embryo quality, implantation, 
and pregnancy rate. however, the present study was 
limited to embryo quality test and not to the whole 
pregnancy process and neonate development, thus 
further investigation is needed to confirm and extend 
our findings.
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