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STUDY QUESTION: What is the methodological validity and usefulness of randomized controlled trials (RCTs) on pain relief during oo-
cyte retrieval for IVF and ICSI?

SUMMARY ANSWER: Key methodological characteristics such as randomization, allocation concealment, primary outcome measure
and sample size calculation were inadequately reported in 33–43% of the included RCTs, and a broad heterogeneity is revealed in the
studied outcome measures.

WHAT IS KNOWN ALREADY: A Cochrane review on conscious sedation and analgesia for women undergoing oocyte retrieval con-
cluded that the overall quality of evidence was low or very low, mainly owing to poor reporting. This, and heterogeneity of studied out-
come measures, limits generalizability and eligibility of results for meta-analysis.

STUDY DESIGN, SIZE, DURATION: For this review, a systematic search for RCTs on pain relief during oocyte retrieval was per-
formed on 20 July 2020 in CENTRAL CRSO, MEDLINE, Embase, PsycINFO, CINAHL, ClinicalTrials.gov, WHO ICTRP, Web of Science,
Portal Regional da BVS and Open Grey.

PARTICIPANTS/MATERIALS, SETTING, METHODS: RCTs with pain or patient satisfaction as an outcome were included and ana-
lysed on a set of methodological and clinical characteristics, to determine their validity and usefulness.

MAIN RESULTS AND THE ROLE OF CHANCE: Screening of 2531 articles led to an inclusion of 51 RCTs. Randomization was de-
scribed inadequately in 33% of the RCTs. A low-risk method of allocation concealment was reported in 55% of the RCTs. Forty-nine per-
cent of the RCTs reported blinding of participants, 33% of blinding personnel and 43% of blinding the outcome assessor. In 63% of the
RCTs, the primary outcome was stated, but a sample size calculation was described in only 57%. Data were analysed according to the
intention-to-treat principle in 73%. Treatment groups were not treated identically other than the intervention of interest in 10% of the
RCTs. The primary outcome was intraoperative pain in 28%, and postoperative pain in 2%. The visual analogue scale (VAS) was the most
used pain scale, in 69% of the RCTs in which pain was measured. Overall, nine other scales were used. Patient satisfaction was measured
in 49% of the RCTs, for which 12 different methods were used. Occurrence of side-effects and complications were assessed in 77% and
49% of the RCTs: a definition for these was lacking in 13% and 20% of the RCTs, respectively. Pregnancy rate was reported in 55% of the
RCTs and, of these, 75% did not adequately define pregnancy. To improve the quality of future research, we provide recommendations
for the design of future trials. These include use of the VAS for pain measurement, use of validated questionnaires for measurement of pa-
tient satisfaction and the minimal clinically relevant difference to use for sample size calculations.

LIMITATIONS, REASONS FOR CAUTION: Consensus has not been reached on some methodological characteristics, for which we
formulated recommendations. To prevent further heterogeneity in research on this topic, recommendations were formulated based on ex-
pert opinion, or on the most used method thus far. Future research may provide evidence to base new recommendations on.

WIDER IMPLICATIONS OF THE FINDINGS: Use of the recommendations given for design of trials on this topic can increase the
generalizability of future research, increasing eligibility for meta-analyses and preventing wastefulness.
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This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse,
distribution, and reproduction in any medium, provided the original work is properly cited.
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Introduction
Transvaginal oocyte retrieval is crucial in the process of IVF and ICSI.
As it is a painful procedure, many different options for pain relief
have been studied. A recently updated Cochrane review on con-
scious sedation and analgesia (CSA) for women undergoing oocyte
retrieval concluded that no single method was superior to another
(Kwan et al., 2018). The overall quality of the evidence was assessed
to be low or very low, however, mainly owing to poor reporting.
Another limitation was the broad heterogeneity of interventions
used, as well as outcomes measured, limiting the possibility of accu-
rately comparing and applying the results.

Poor quality of randomized controlled trials (RCTs) and their
reporting has been described in all fields (Clarke and Williamson,
2016; Moher et al., 2016; Glasziou and Chalmers, 2018; Duffy et al.,
2020).

This may lead to an over- or underestimation of an effect of an in-
tervention, and it hinders inclusion and meta-analysis in systematic
reviews. Considering the waste of valuable research money and the
ethical implications of poorly conducted and interpretable research,
it is important that all trials are methodologically strong, and that
reporting is transparent and complete.

The aim of this review is to provide an overview of the method-
ology of RCTs on pain relief during oocyte retrieval conducted thus
far, to assess their validity and usefulness. Furthermore, we provide
recommendations for methodology and reporting, to prevent fur-
ther heterogeneity and to improve the quality of future trials on
this topic.

Materials and methods

Literature search
A systematic search was performed on 20 July 2020 in the following
databases: Cochrane Library, CENTRAL CRSO, MEDLINE, Embase,
PsycINFO, CINAHL, ClinicalTrials.gov, WHO ICTRP, Web of
Science, Portal Regional da BVS and Open Grey. The search strategy
for each individual database is provided in the Supplementary Data.
Additionally, the reference lists of systematic reviews on this topic
were checked for relevant publications. Titles and abstracts were inde-
pendently screened by two reviewers, E.T.I.A.B and H.G. All full texts
of RCTs on analgesia or anaesthesia during oocyte retrieval in which
pain or satisfaction were an outcome measure were included. Only
full texts of RCTs on pain relief during oocyte retrieval were included
to ensure that detailed information on methodology could be
retrieved.

Data extraction
We evaluated a series of methodological characteristics known to af-
fect the validity of RCTs. These were based on a critical appraisal tool
designed by the Joanna Briggs Institute (Tufanaru et al., 2017).
Furthermore, we assessed reporting of clinical characteristics deemed
relevant for this specific topic. The characteristics evaluated are sum-
marized in Table I. Two authors (E.T.I.A.B and H.G.) independently
assessed occurrence and reporting of all characteristics listed below.
Any disagreement was resolved by a third author (J.W.v.S.).

WHAT DOES THIS MEAN FOR PATIENTS?
Collecting eggs (oocyte retrieval) through the vagina is crucial for attempting conception using IVF and ICSI. As it is a painful procedure,
many different options for pain relief have been studied. The aim of this study was to assess the quality and usefulness of research on pain
relief during oocyte retrieval. To do this, we searched for relevant studies that had been published in scientific and medical journals. Our
assessment was based on a set of important features of how the studies had been carried out (methodological characteristics) and a set of
clinically relevant characteristics. The methodological characteristics we assessed were features that are important for research in all fields,
such as the process of randomly assigning participants to study groups, and the calculation of how many participants were needed per
group. The clinical characteristics were features specifically relevant to research on pain relief during oocyte retrieval, such as whether pain
and patient satisfaction were measured, and when and how these were measured.

The most important methodological characteristics were reported inadequately in 30–43% of the included studies. Methods used for
measuring clinical characteristics varied greatly. For example, 10 different methods were used for measurement of pain and 12 for measure-
ment of satisfaction. This makes a comparison of different studies difficult, and it raises the question of how relevant some of the outcomes
are for patients. Therefore, we provide recommendations for the design of future studies on this topic.
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To provide a trend of occurrence and reporting of characteristics
over time, we divided the included RCTs into three groups based on
the year of publication, and stratified the data according to these
groups. Time trends are expressed as a percentage.

Although the purpose of this review is to assess overall methodol-
ogy, and not to perform a meta-analysis of results, we did note and
summarize outcomes of each studied intervention.

Results

Included articles
A total of 2531 titles, after automatic removal of duplicates, were
screened. Fifty-one RCTs were included in this review, as listed and
described in Table II. Figure 1 shows the selection of articles for this
review. The included RCTs were published between 1990 and 2020.
They were divided into three groups based on year of publication to
identify time trends: one group of 13 RCTs published in the 1990s
(1990–1999), one group of 25 RCTs published in the 2000s (2000–
2009) and a third group of 13 RCTs published between 2010 and 20
July 2020 (2010–2020).

Of the 51 included articles, four were written in Chinese, one in
French, one in Spanish and one in Turkish. The remaining 44 were

written in English. All articles included an English abstract. In three
RCTs, pain was not measured, but they were included because satis-
faction rate was measured.

Methodological characteristics
The findings on methodological and clinical characteristics are summa-
rized in Table III. Trends of methodological characteristics are dis-
played in Figs 2 and 3, respectively.

Randomization and allocation concealment
Randomization was reported in all articles, but it was described insuffi-
ciently in one-third of the articles (17/51; 33%). Thirty-three (65%) of
the RCTs described a low-risk method of randomization. In most
cases, this entailed a computer-generated list (20/33; 61%) or a ran-
dom numbers table (8/33; 24%). A low-risk method of allocation con-
cealment was described in a little over half of the articles (28/51;
55%), most often with sealed, opaque envelopes, in 26/28 RCTs
(93%). As shown in Fig. 2, reporting of randomization and allocation
concealment has markedly increased since the 1990s, but reporting of
randomization was 20% higher in the 2000s than in the period from
2010 until now.

Blinding
Nearly half of the included RCTs reported that participants were
blinded to group allocation (25/51; 49%). Blinding of personnel was
reported in one-third of the RCTs (17/51; 33%). Blinding of the out-
come assessor occurred in 22/51 RCTs (43%). An upward trend can
be seen in blinding of participants and personnel over the past deca-
des, with an increase of over 10%, although blinding of personnel still
occurred in only a little over one-third of the RCTs published in the
last decade (Fig. 2). The rate of outcome assessor blinding has
remained stable over the decades.

Outcome measures
Outcome measures were reported in 32/51 articles (63%). Fifteen dif-
ferent primary outcome measures were reported, which are listed in
Table IV. The rate of reporting of the primary outcome measure has
more than tripled since the 1990s, and remained stable at �75% of
the RCT in the past 18 years.

Sample size calculation
A sample size calculation was described in just over half of the in-
cluded RCTs included (29/51; 57%). A strong upward trend of inclu-
sion of a sample size calculation can be seen over the past decades,
from 23% in the 1990s to 77% in the 2010s (Fig. 3).

Follow-up and analysis
Follow-up was complete in 38/51 (75%) of the included RCTs, and
data were analysed according to the intention-to-treat (ITT) principle
in 37/51 articles (73%). This was not always explicitly described, but
was assumed based on tables and group sizes. A CONSORT flow-
chart was included in 12/51 RCTs (24%). Follow-up was most often
complete in the RCTs published in the 2010s (92%) and least often in
the 2000s (64%). Between the 1990s and the 2000s, use of an ITT
analysis increased by �15%, and it has remained stable since then at
�75%. As expected, we can see an upward trend for inclusion of a

......................................................................................................

Table I A list of methodological and clinical characteris-
tics assessed in all included articles on pain relief during
oocyte retrieval.

List of characteristics assessed

Methodological characteristics:
• Randomization and allocation concealment.
• Blinding of participants, personnel and outcome assessors.
• Sample size calculation, compared with final sample size.
• Primary outcome measure and secondary outcome measures.
• Whether all treatment groups were treated similarly, aside from the in-

tervention of interest.
• Whether a (CONSORT) flowchart was included.
• Whether baseline characteristics in the different treatment groups

were similar.
• Intention-to-treat analysis.
• Whether follow-up was complete, and if not, whether the differences

between the groups were adequately described.
• Selective reporting of outcomes.

Clinical characteristics:
• Measurement of intra- and postoperative pain, and if so, exact timing,

and which scale was used.
• Measurement of patient satisfaction, and if so, the scale used.
• Registration and definition of side effects, complications and pregnancy

rate.
• Inclusion of infertility diagnosis, number of follicles and/or oocytes in

baseline characteristics.
• Whether there were any significant results for the outcomes of pain or

satisfaction.

Pain relief during oocyte retrieval: a systematic review 3
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Table II This table lists the 51 randomized controlled trials included in this review on research on pain relief during oocyte
retrieval, the interventions compared per trial and whether they studied pain, satisfaction or both.

Reference Interventions studied Outcome(s)

Atashkhoii et al., 2006 CSA and PCB vs. CSA and placebo PCB Pain and satisfaction

Ben-Shlomo et al., 1992 CSA intravenously and PCB vs. CSA intramuscularly with PCB Pain and satisfaction

Ben-Shlomo et al., 1999 CSA vs. GA Pain and satisfaction

Bhattacharya et al., 1997 Patient-controlled CSA vs. physician-controlled CSA Pain and satisfaction

Casati et al., 1999 Different drug regimens for GA Pain and satisfaction

Cerne et al., 2006 CSA with pre-ovarian block vs. CSA with PCB Pain

Chen et al., 2012 Dolantin with EA vs. Dolantin alone Pain

Cook et al., 1993 Patient-controlled CSA vs. physician-controlled CSA Satisfaction

Corson et al., 1994 CSA with PCB vs. CSA with placebo PCB vs. CSA alone Pain

Coskun et al., 2011 Different drug regimens for target-controlled infusion CSA Pain and satisfaction

Coskun et al., 2017 Target-controlled infusion CSA with different fentanyl boluses Pain

Elnabtity and Selim, 2017 Different drug regimens for CSA with PCB Pain and satisfaction

Gejervall et al., 2005 CSA with PCB vs. EA with PCB Pain and satisfaction

Godoy et al., 1993 CSA intramuscularly with different PCB drug regimens Pain

Guasch et al., 2005 GA vs. spinal anaesthesia vs. CSA with PCB in two different drug regimens Pain and satisfaction

Gunaydin et al., 2007 CSA vs. CSA with PCB Pain and satisfaction

Hong et al., 2007 Different drug regimens for GA Pain

Humaidan and Stener-Victorin, 2004 CSA with PCB vs. EA with PCB Pain

Humaidan et al., 2006 PCB with different frequencies of EA Pain

Kailasam et al., 2010 CSA with NSAID postoperatively vs. CSA without NSAID postoperatively Pain

Lai et al., 2020 Different drug regimens for CSA Pain and satisfaction

Lier et al., 2015 Patient-controlled CSA vs. physician-controlled CSA Pain and satisfaction

Lok et al., 2002 Patient-controlled CSA vs. physician-controlled CSA Pain and satisfaction

Ma et al., 2008 Different drug regimens for CSA Pain

Manica et al., 1993 Different drug regimens for spinal anaesthesia Pain

Martin et al., 1999 Spinal anaesthesia with fentanyl vs. spinal anaesthesia alone Pain

Matsota et al., 2012 CSA vs. GA Satisfaction

Meng et al., 2008 CSA vs. CSA with EA Pain

Meng and Wang, 2009 CSA vs. CSA with EA Pain

Morue et al., 2018 CSA with ketamine vs. CSA with placebo Pain and satisfaction

Ng et al., 1999 CSA with PCB vs. CSA with placebo PCB vs. CSA alone Pain

Ng et al., 2000 CSA with different dosages of PCB Pain

Ng et al., 2001 CSA with PCB vs. placebo CSA with PCB Pain and satisfaction

Ng et al., 2002 CSA with PCB and pethidine intramuscularly vs.
CSA with PCB and saline intramuscularly (placebo)

Pain and satisfaction

Ng et al., 2003 CSA with different drug regimens for PCB Pain

Öcal et al., 2002 CSA vs. CSA with NSAID Pain

de Oliveira Júnior et al., 2016 Different drug regimens for GA with or without PCB Pain and satisfaction

Ozturk et al., 2006 CSA vs. CSA with PCB Pain and satisfaction

Ramsewak et al., 1990 CSA vs. placebo CSA Pain

Ramzy et al., 2001 Postoperative lignocaine in subcortical region of the ovary vs. placebo vs. none Pain

Saleh et al., 2012 Different drug regimens for GA Pain and satisfaction

Sarikaya et al., 2011 Different drug regimens for CSA Satisfaction

Sator-Katzenschlager et al., 2006 Patient-controlled CSA with auricular EA vs. with auricular
acupuncture without stimulation vs. with placebo acupuncture

Pain and satisfaction

Stener-Victorin et al., 1999 CSA with PCB vs. EA with PCB Pain

Stener-Victorin et al., 2003 CSA with PCB vs. EA with PCB Pain

Thompson et al., 2000 Patient-controlled CSA vs. physician-controlled CSA Pain and satisfaction

(continued)
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Table II Continued

Reference Interventions studied Outcome(s)

Tummon et al., 2004 Analgesia intravenously with vaginal gel vs. analgesia intravenously with PCB Pain

Zaccabri et al., 2001 Nasal midazolam with PCB vs. nasal midazolam with vaginal gel Pain

Zelcer et al., 1992 Patient-controlled CSA vs. physician-controlled CSA Pain and satisfaction

Zhang et al., 2013 NSAID with acupuncture vs. NSAID with placebo acupuncture Pain

Zhao et al., 2017 GA with premedication vs. GA with placebo premedication Pain

CSA, conscious sedation and analgesia; EA, electro-acupuncture; GA, general anaesthesia; NSAID, non-steroidal anti-inflammatory drug; PCB, paracervical block.

Records identified from: 
- Cochrane library:  240 
- Cochrane register of studies 
online:    381 
- MEDLINE:   161 
- Embase:   429 
- PsycINFO:   89 
- CINAHL:   161 
- ClinicalTrials.gov:  122 
- WHO ICTRP:   46 
- Web of science:  910 
- Portal Regional da BVS:  2734 
- Opengrey:   3 

Total: 5276

Records removed before 
screening: 

Duplicate records removed 
automatically (n = 2745) 
Records marked as ineligible 
by automation tools (n = 0) 
Records removed for other 
reasons (n = 0) 

Records screened 
(n = 2531) 

Records excluded based on title 
(n = 2373) 

Reports sought for retrieval 
(n = 158) 

Reports not retrieved 
(n = 0) 

Reports assessed for eligibility 
(n = 158) 

Reports excluded: 
- Abstracts did not meet 
inclusion criteria for design, 
population or outcomes (n = 
99) 
- Only abstract, no full report 
written (n = 8) 

Studies included in review 
(n = 51) 
Reports of included studies 
(n = 51) 

Identification of studies via databases and registers
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Figure 1. PRISMA flow diagram for a review of research on pain relief during oocyte retrieval for IVF/ICSI.

Pain relief during oocyte retrieval: a systematic review 5



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..CONSORT flowchart, from 0% in the 1990s to 38% in the 2010s
(Fig. 3).

Protocols
Treatment groups were not treated identically other than the interven-
tion of interest in 5/51 RCTs (10%). Differences between treatment
protocols included the administration of premedication or a paracervi-
cal block (PCB) aside from the intervention of interest, and extra clini-
cal visits.

Protocols were publicly registered for 4 of the 51 included RCTs
(8%). Small discrepancies in secondary outcome measures were ob-
served between the protocol and the article in two of these (50%).
Upon comparison of methods and results reported in the published

articles, selective reporting was found to have occurred in an addi-
tional 2/51 articles (4%).

Clinical characteristics
Trends of clinical characteristics are displayed in Fig. 4.

Pain and satisfaction
In the 48 RCTs that measured pain, 10 different scales were used.
The most used pain scale was the visual analogue scale (VAS), ei-
ther from 0 to 10 or 0 to 100. A VAS was used in 33/48 articles
(69%). The second most used pain scale was the 11-point numeric
rating scale (NRS), on which patients score the pain between 0 and
10. NRS was used in 7/48 articles (15%). All scales used for pain

............................................................................................................................................................................................................................

Table III The methodological and clinical characteristics that were assessed in all RCTs on pain relief during oocyte
retrieval.

Yes—N (%) No—N (%) Unclear—N (%)

Methodological characteristics

True randomization 33 (64.7%) 1 (2.0%) 17 (33.3%)

Allocation concealment 28 (54.9%) 3 (5.9%) 20 (39.2%)

Blinding

Of participants 25 (49.0%) 21(41.2%) 5 (9.8%)

Of personnel 17 (33.3%) 24 (47.1%) 10 (19.6%)

Of outcome assessor 22 (43.1%) 4 (7.8%) 25 (49.0%)

Outcome measures defined 32 (62.7%) 19 (37.3%) N/A

Sample size calculation 29 (56.9%) 21 (41.2%) 1 (2.0%)

Calculated sample size reached 25 (86.2%) 4 (13.8%) N/A

Follow-up complete 38 (74.5%) 13 (25.5%) N/A

Adequately described if not? 9 (69.2%) 4 (30.8%) N/A

Intention-to-treat analysis 37 (72.5%) 11 (21.6%) 3 (5.9%)

CONSORT flowchart 12 (23.5%) 39 (76.5%) N/A

Identical treatment protocols aside from intervention of interest 46 (90.2%) 5 (9.8%) N/A

Selective reporting 2 (3.9%) 49 (96.1%) N/A

Baseline characteristics similar 43 (84.3%) 3 (5.9%) 5 (9.8%)

Clinical characteristics

Measurement of pain 48 (94.1%) 3 (5.9%) N/A

Intraoperative pain 39 (76.5%) 11 (21.6%) 1 (2.0%)

Assessed during procedure* 21 (53.8%) 18 (46.2%) N/A

Postoperative pain* 31 (60.8%) 19 (37.3%) 1 (2.0%)

Satisfaction 25 (49.0%) 26 (51.0%) N/A

Baseline characteristics

Infertility diagnosis 24 (47.1%) 27 (52.9%) N/A

Number of follicles or oocytes 26 (51.0%) 25 (49.0%) N/A

Pregnancy rate 28 (54.9%) 23 (45.1%) N/A

Definition provided 13 (46.4%) 6 (21.4%) 9 (32.1%†)

Side effects 39 (76.5%) 12 (23.5%) N/A

Definition provided 34 (87.2%) 5 (12.8%) N/A

Complications 20 (39.2%) 25 (51.0%) N/A

Definition provided 15 (80.0%) 5 (20.0%) N/A

*Nearly every article provided a different definition for the exact timing of assessment of pain. This could, therefore, not be specified in more detail in this table.
†The definition for pregnancy rate was regarded ‘unclear’ when a description such as ‘clinical pregnancy’ was provided, but it was not specified how and when this was assessed.

6 Buisman et al.
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..measurement are displayed in Table V. The timing of measurement
of pain varied greatly. In 21/39 of the articles that reported intrao-
perative pain (54%), it was measured during the procedure,
whereas 18/39 articles reported remembered intraoperative pain

(46%). The timing of postoperative pain measurement varied from
directly after the procedure to days after. Forty-one percent of the
RCTs that measured pain did not adequately define the timing of
the measurement (16/39).
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Figure 2. Frequency of reported methodological characteristics in randomized controlled trials on pain relief during oocyte re-
trieval. Data are presented in three 10-year intervals to display trends. RCT, randomized controlled trial.
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Figure 3. Frequency of additional reported methodological characteristics in randomized controlled trials on pain relief during
oocyte retrieval. Data are presented in three 10-year intervals to display trends. RCT, randomized controlled trial.

Pain relief during oocyte retrieval: a systematic review 7



..

..

..

..

..The VAS was the most used method in the first two decades of
publications. In the 2010s, the NRS was used as often as the VAS.
Intraoperative pain was measured in significantly more articles in the

first two decades studied here, than in the 2010s, in which it was mea-
sured in only 54% of the included RCTs. Measurement of postopera-
tive pain has increased over time.

............................................................................................................................................................................................................................

Table IV The primary outcome measures in all included articles, and the frequency of occurrence, in RCTs on pain relief dur-
ing oocyte retrieval.

Primary outcome Number of included RCTs (%)

Intraoperative pain 14 (27.5%)

Postoperative pain 1 (2.0%)

Recovery

Time to ambulation/time to void/time to discharge 1 (2.0%)

Length of PACU stay 2 (3.9%)

STAI of well-being 60 min after procedure 1 (2.0%)

Satisfaction 1 (2.0%)

Pregnancy rate 3 (5.9%)

Incidence of respiratory impairment 1 (2.0%)

Incidence of dizziness or drowsiness 1 (2.0%)

Drug related

Average propofol dose 1 (2.0%)

Plasma concentration of remifentanil 2 (3.9%)

Hormone related

ACTH/cortisol and prolactin concentration in follicular fluid 1 (2.0%)

Plasma cortisol concentration 1 (2.0%)

Number of follicles punctured 1 (2.0%)

Fertilization rate of oocytes 1 (2.0%)

Not stated 20 (39.2%)

One article reported two primary outcomes: the STAI and postoperative pain. A sample size calculation was performed for both outcomes. For other articles, which stated having
more than one primary outcome measure, but performed a sample size calculation on only one, the primary outcome measure was considered to be the outcome for which the study
was powered.
ACTH, adrenocorticotropic hormone; PACU, postanaesthesia care unit; RCT, randomized controlled trial; STAI, state-trait anxiety inventory.
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Figure 4. Frequency of reported clinical characteristics in randomized controlled trials on pain relief during oocyte retrieval.
Data are presented in three 10-year intervals to display trends. RCT, randomized controlled trial.
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Satisfaction was measured in nearly half of the articles (25/51;
49%). The most used method was a 4-level scale (9/25, 36%), al-
though many variations of descriptors per level were given in the
RCTs that used it. Eleven other methods were described, which are
displayed in Table VI. Willingness to undergo the procedure again un-
der the same type of analgesia or sedation was asked in 7/25 RCTs
(28%). Satisfaction was measured most often in the past decade, with
a rate of 69%, compared to 46% in the 1990s (Fig. 4).

Baseline characteristics
Baseline characteristics were reported in all RCTs. It was unclear
whether baseline characteristics were similar in nearly 10% of the
RCTs (5/51). Most included RCTs reported age and weight as base-
line characteristics. Infertility diagnosis was reported in 24/51 RCTs
(47%), and the number of follicles available or oocytes retrieved were
reported in 26/51 (51%).

Treatment outcomes, side-effects and complications
Pregnancy rate was reported in a little over half the included RCTs
(28/51, 55%). The definition of pregnancy rate varied greatly, from uri-
nary or plasma hCG to clinical or ongoing pregnancy assessed be-
tween 4 and 16 weeks’ gestational age. Live birth rate (LBR) was
assessed in two RCTs (4%). Over half of the RCTs (15/28; 53%) did
not provide an adequate definition. Whether pregnancy was assessed
per cycle or per embryo transfer was unclear in 29% of the RCTs (8/
28). It was assessed per embryo transfer in 12 RCTs (43%), and per
cycle in 10% (3/28). Various RCTs also reported fertilization, cleavage
and implantation rate, or number of embryos, usually without
definitions.

Thirty-nine of the 51 RCTs (77%) reported having assessed side-
effects. In five of these (13%), a definition of side-effects assessed was
lacking. Assessment of complications was reported in 20/51 RCTS
(39%). Again, these were not defined in five (20%). The rate of report-
ing of side-effects and complications has increased over the past deca-
des, from 61% to 85%, and from 31% to 54%, respectively (Fig. 4).

Interventions and significant results
A great variation of interventions has been compared in the included
RCTs. Some RCTs compared different drugs and doses, whereas
most RCTs compared different interventions, or the addition of an in-
tervention, such as electro-acupuncture or a PCB. In 40/51 RCTs
(78%), a statistically significant difference was found between the inter-
vention and control group in intra- or postoperative pain, patient satis-
faction, occurrence of side-effects or complications or pregnancy rate.

CSA was compared to placebo in one RCT, which showed a signifi-
cantly higher intraoperative pain in the placebo group, confirming the
value of pain relief during oocyte retrieval (Ramsewak et al., 1990).

Five RCTs were conducted to study the effect of different dosages
of sedatives or analgesics (Manica et al., 1993; Ng et al., 2000, 2003;
Coskun et al., 2011; Sarikaya et al., 2011). None of these trials
showed a significant benefit of higher dosages in pain scores or patient
satisfaction. In one RCT, a higher dose of remifentanil was associated
with a significant increase in apnoea, and need for mechanical ventila-
tion. Different combinations of agents and administration routes for
CSA, general anaesthesia (GA) or spinal anaesthesia were compared
in 12 RCTs (Godoy et al., 1993; Casati et al., 1999; Martin et al.,
1999; Öcal et al., 2002; Guasch et al., 2005; Hong et al., 2007; Ma
et al., 2008; Saleh et al., 2012; Coskun et al., 2017; Elnabtity and Selim,
2017; Morue et al., 2018, Lai et al., 2020), of which 10 (83%) showed
a significant benefit for one of the combinations used. A formal com-
parison of these outcomes is beyond the scope of this review, but it is
important to realize that use of different agents and administration
routes of the same category of sedatives or analgesics may need to be
studied further to find the optimal combination in this population.

......................................................................................................

Table V Reported scales for pain measurement in RCTs
on pain relief during oocyte retrieval.

Scale for pain measurement Number of RCTs (%)

Visual analogue scale (0–10 or 0–100) 33 (68.8%)

Numeric rating scale (0–10 or 0–100) 7 (14.6%)

3-level scale 1 (2.1%)

4-level scale 5 (10.4%)

5-level scale 2 (4.2%)

McGill Pain Questionnaire 3 (6.3%)

McGill Pain Questionnaire short form 1 (2.1%)

Pain-rated index (6-level scale) 1 (2.1%)

Multiple scales* 4 (8.3%)

Ten different scales were used. Scales with the same number of levels were grouped
together in this table but were considered different when significantly different
descriptors were used for the levels.
*These all include the visual analogue scale (n¼ 3) or the Numeric rating scale (n¼ 1)
and a version of the McGill pain questionnaire. One study also used the pain-rated
index.
RCT, randomized controlled trial.

......................................................................................................

Table VI The different methods used for measurement
of satisfaction in RCTs on pain relief during oocyte
retrieval.

Method of measurement of satisfaction Number of RCTs (%)

2-level scale 2 (8.0%)

3-level scale 2 (8.0%)

4-level scale 9 (36.0%)

7-level Likert scale 1 (4.0%)

8-item questionnaire (CSQ-8) 1 (4.0%)

11-level scale (0–10) 3 (12.0%)

Visual analogue scale (0–100) 1 (4.0%)

Percentage 1 (4.0%)

Overall satisfaction (undefined) 3 (12.0%)

Self-made questionnaire 1 (4.0%)

Interview (undefined) 1 (4.0%)

Willingness to undergo again 7 (28.0%)

In the 25 articles that assessed satisfaction, 12 different methods were used for its
measurement. Even when the same number of levels for a scale was used, many dif-
ferent descriptors were used. The question of willingness to undergo the procedure
with the same method of analgesia was always combined with another scale.
CSQ, client satisfaction questionnaire; RCT, randomized controlled trial.

Pain relief during oocyte retrieval: a systematic review 9
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Nine RCTs were included in which acupuncture or electroacupunc-

ture (EA) were compared to other interventions (Stener-Victorin et al.,
1999, 2003; Humaidan and Stener-Victorin, 2004; Gejervall et al., 2005;
Sator-Katzenschlager et al., 2006; Meng et al., 2008; Meng and Wang,
2009; Chen et al., 2012; Zhang et al., 2013). In the four RCTs in which
EA and a PCB were compared to CSA and a PCB, a benefit was seen
more often for CSA than for EA in terms of pain and satisfaction.
When the addition of (E)A to CSA was compared to CSA alone, or
CSA with placebo acupuncture, (E)A did seem to have a beneficial ef-
fect. However, in four of these nine RCTs, treatment groups were not
treated identically aside from the intervention of interest. One RCT was
conducted to compare different frequencies for EA (Humaidan et al.,
2006), in the form of a fixed frequency and a mixed frequency: this
showed similar intra- and postoperative pain scores in both groups, but
significantly less nausea intraoperatively in the fixed frequency group.

The effect of addition of a PCB to another intervention was studied
in six RCTs (Corson et al. 1994; Ng et al., 1999; Atashkhoii et al.,
2006; Ozturk et al., 2006; Gunaydin et al., 2007; de Oliveira Júnior
et al., 2016). In five of these, intra- or postoperative pain was studied,
showing a benefit for addition of a PCB in four RCTs (Corson et al.
1994; Ng et al., 1999; Atashkhoii et al., 2006; de Oliveira Júnior et al.,
2016). Satisfaction was studied in four RCTs, which showed a benefit
for the PCB group in two RCTs (Atashkhoii et al., 2006; Gunaydin
et al., 2007). Two RCTs compared vaginal gel to a PCB (Zaccabri
et al., 2001; Tummon et al., 2004). Intraoperative pain was significantly
lower in the PCB group in both RCTs.

The effect of injection of lidocaine in the vaginal wall and near the
ovary, described as a pre-ovarian block (Cerne et al., 2006), was stud-
ied in two included RCTs (Ramzy et al., 2001; Cerne et al., 2006).
This was performed preoperatively and compared to a PCB in one
RCT, and postoperatively after GA in the other. The injection of lido-
caine did not produce a significant benefit in terms of pain.

Discussion
This review focuses on the methodology of all RCTs on pain relief in
oocyte retrieval. The key methodological characteristics were inade-
quately reported in 33–43% of the included RCTs, as shown in
Table III. This is an unfortunate type of waste, as, even though a study
may be executed well, inadequate reporting diminishes the efforts in-
volved. Over time, reporting has improved for all characteristics ex-
cept randomization. This downward trend may be explained by the
fact that four articles in the 2000–2010 group had the same first au-
thor, who reported very adequately. Clearly, there is still plenty of
room for improvement.

Furthermore, a broad heterogeneity is revealed in the studied out-
come measures. This hinders the generalizability and comparability of
the evidence. We discuss the limitations by characteristic and provide
recommendations for future research. For reporting, we recommend
use of the CONSORT statement (Schulz et al., 2010).

Methodological characteristics
Randomization and allocation concealment
While all articles reported randomization, it was described inade-
quately in one-third of the articles. Allocation concealment was unclear

or inadequate in nearly half of the articles. Randomization and alloca-
tion concealment are crucial to prevent selection bias.

Blinding
Blinding in any form occurred in less than half of the included RCTs. In
the case of subjective outcome measures, non-blinded trials show an
exaggeration of the intervention effect when compared to blinded tri-
als (Wood et al., 2008). Considering the subjective nature of pain,
likely to be influenced by anxiety and expectations, blinding should al-
ways be endeavoured.

Although the complexity of blinding of patients is dependent on the
studied intervention, it was possible in 25 RCTs included in this re-
view, for example by administering saline to a placebo group. When it
is not possible to blind clinicians, for example when studying acupunc-
ture, the protocol should include standardized moments or assess-
ments to minimize performance bias owing to individual decisions,
such as the administration of additional analgesia. If pain is assessed
verbally, a non-blinded outcome assessor might ask about pain scores
in a suggestive manner, or record outcomes differently (Wood et al.,
2008). Someone who is not involved in the procedure could be used
as an outcome assessor. If this is not feasible, these methods should
be protocolled and reported, for example by using a script.

Outcome measures
Pain relief is a clinical, patient-centred topic. When the aim of the
RCT is to improve the patient experience, the primary outcome mea-
sure should be a patient-centred outcome, such as intra- or postoper-
ative pain, or patient satisfaction. Primary outcome measures such as
concentration of analgesics or hormones in plasma are not in accor-
dance with a clinical purpose, as they do not provide information
about the effectiveness of an intervention. Secondary outcome meas-
ures should also be defined, and should include treatment outcomes,
side-effects and complications.

Sample size calculation
Forty-one percent of the included RCTs did not report a sample size
calculation. It is therefore likely that a proportion of the results are in-
correct because of Type II errors (Altman, 1980). In the case of pain
as a primary outcome measure, the minimal clinically relevant differ-
ence should be decided on when planning the study size. Consensus
on what minimal difference is clinically relevant has not yet been
reached, although it has been studied for the VAS and the NRS in
varying populations (Farrar et al., 2003; Lee et al., 2003; Grilo et al.,
2007; Danoff et al., 2018). Eleven included RCTs with pain as a pri-
mary outcome adequately reported a sample size calculation, for
which six different definitions were used for the minimal difference. In
their Cochrane review, Kwan et al. (2018) describe that a two-point
difference on a 0–10 VAS could represent a clinically important differ-
ence. Cepeda et al. (2003) showed that a change of 20% on the NRS
is considered a minimal improvement postoperatively. Based on these
results, it seems reasonable to expect that the minimal clinically rele-
vant difference in pain scores is 20% on the VAS and NRS.

Follow-up and analysis
If randomization is timed well, a complete follow-up and use of an
ITT-analysis are feasible in research on pain relief during oocyte re-
trieval. In 27.5% of the included trials, however, an ITT-analysis was in-
adequately described, or not performed. Most patients were excluded
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.
from analysis because of side-effects, scheduling problems or impaired
compliance. Some of these are likely to have been influenced by the
intended intervention, and are statistically as well as clinically relevant.
In these cases, performing an ITT-analysis, as well as a per-protocol
analysis, provides useful information on the applicability of the
intervention.

Protocols
In 10% of the RCTs, treatment protocols between groups were not
identical aside from the intervention of interest. In these studies, it is
unclear what the effect of the studied interventions were, and what
the effects of the additional protocol differences were. This causes fur-
ther distortion when the results are compared in meta-analyses, and
is, therefore, a big shortcoming. Selective reporting was identified in
8% of the RCTs, but a publicly accessible protocol was available for
only 4/51 of the included RCTs (8%): it is therefore likely an
underrepresentation.

Clinical characteristics
Pain and satisfaction
Two major issues were identified in the measurement of pain in the in-
cluded trials: 10 different scales were used, and the timing of measure-
ment varied greatly. The VAS and NRS are the most common scales.
While the VAS is most often used in all medical fields, some patient
categories prefer the NRS (Hjermstad et al., 2011; Bourdel et al.,
2015; Chiarotto et al., 2019). This is the case for non-native speakers,
elderly patients and patients with trauma and other impairments
(Hjermstad et al., 2011), groups that are unlikely to be relevant in large
numbers in research on oocyte retrieval. The 0–100 VAS has been ar-
gued to be more precise, as it is a continuous scale with 101 levels,
but there seems to be little gain in precision with more than seven
options (Bandalos and Enders, 1996; Preston and Colman, 2000).
Given that most trials to date have used the VAS, it would be useful
to continue using this scale so past results can be compared. Most
studies have shown a high correlation between VAS and NRS, but
others have shown discrepancies (Downie et al., 1978; Karcioglu et al.,
2018; Breivik et al., 2000). The comparison of two different scales is
never the golden standard, but comparison of these two seems less
problematic than with other scales.

The ambiguity of the timing of postoperative pain measurement is
likely to influence the applicability of the evidence so far (Kwan et al.,
2018). A number of sedatives and analgesics used are known to cause
amnesia, and the overall success of treatment might alter a patient’s
view of the procedure experience. Therefore, it is unreliable to pool
pain scores, measured in a time frame ranging from directly after the
procedure to days after, under one heading of postoperative pain. The
same can be said about intraoperative pain measured during or after
the procedure. Zaccabri et al. (2001) measured pain intraoperatively
as well as postoperatively, as remembered pain. This is an interesting
outcome when the intervention can alter remembered pain.

Satisfaction was measured in nearly half the articles, revealing high
overall satisfaction rates. Of the 22 RCTs that measured both pain
and satisfaction, a significant difference between groups was seen for
both pain and satisfaction in only 5/22 RCTs (22.7%). Whether global
satisfaction is a meaningful outcome in health care is under discussion,
as satisfaction about the overall success of a treatment overrides the

discrimination of satisfaction with specific aspects of it (Wensing and
Elwyn, 2003; Leffler et al., 2015). This was shown in satisfaction about
procedural sedation by Leffler et al. (2015), and is relevant in the pop-
ulation undergoing oocyte retrieval, as overall success in terms of
oocytes collected may override distress caused by the pain of the pro-
cedure (Kwan et al., 2018). Therefore, to discriminate between satis-
faction with pain relief specifically and the treatment overall, it is
advisable to use validated questionnaires, such as the PROcedural
Sedation Assessment Survey (PROSAS) (Leffler et al., 2015), the
Patient Satisfaction with Sedation Instrument (PSSI) (Vargo et al.,
2009), or the Iowa Satisfaction with Anesthesia Scale (ISAS) (Dexter
et al., 1997). Willingness to undergo the procedure again with the
same analgesia method is an interesting addition to other scales, as it
provides an answer to a very patient-centred question.

Baseline characteristics
All RCTs reported baseline characteristics, but the items varied
greatly. A correlation has been shown between pain during oocyte re-
trieval and age, number of follicles punctured or oocytes retrieved,
preoperative anxiety, duration of the procedure and, in some studies,
BMI and number of preceding oocyte retrievals (Corson et al., 1994;
Tummon et al., 2004; Cerne et al., 2006; Gejervall et al., 2007;
Frederiksen et al., 2017). It is possible that certain infertility diagnoses,
such as endometriosis, are associated with higher pain scores.
Inclusion of these baseline measurements would provide a valuable
comparison of the groups, as well as more insight into the relation be-
tween pain and patient characteristics.

Treatment outcomes, side-effects and complications
While 76.5% of the RCTs reported having assessed side-effects, com-
plications and/or treatment outcomes, many did not provide defini-
tions for those outcomes. Side-effects and complications associated
with the studied types of pain relief, as well as the most common
effects of oocyte retrieval, should be assessed.

Generally, the most important treatment outcome in fertility care is
pregnancy rate, or LBR. LBR was used in only one RCT (Stener-
Victorin et al., 1999). Others were not powered for this outcome, and
definitions of pregnancy varied greatly. In the context of this research
topic, assessing LBR is rarely feasible as it is time-consuming.
Furthermore, it is unlikely to be affected by the method of pain relief.
If assessment of LBR is not feasible, the viable pregnancy rate con-
firmed by ultrasound is the most representative alternative.

Interventions
The difficulty in research on pain relief is that endless combinations of
analgesics and sedatives, their corresponding doses and routes of ad-
ministration are possible. For example, although CSA is used as a
common description, this can be performed with many different com-
binations and dosages of drugs, and even the aim of CSA might differ
per trial, varying from light to deep sedation. This heterogeneity in
interventions also inhibits generalizability of the results. This cannot
truly be prevented, because all different interventions and drug combi-
nations are of interest, but the effect of this heterogeneity can be lim-
ited by treating both groups equally, except for the intervention of
interest, and by using relevant outcome measures in all RCTs.

Pain relief during oocyte retrieval: a systematic review 11
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.Future research
Heterogeneity in outcome measures is a major issue in research on this
topic, and has been identified as a cause of research waste in all fields
(Glasziou and Chalmers, 2018). A proposed solution is the development
of core outcome sets (COS). This is an increasingly used, consensus-
based tool in research, defined as an agreed standardized set of out-
comes that should be measured and reported (Williamson et al., 2017;
Gargon et al., 2019). COS are expected to lead to higher-quality trials,
to reduce the heterogeneity between trials and to improve the compara-
bility of the results. Furthermore, COS could be used for clinical audits
and comparison between clinics (Williamson et al., 2017). A COS has
recently been developed for infertility research (Duffy et al., 2020), but
research on pain relief during oocyte retrieval demands a different set of
outcomes. Although we provide recommendations for outcomes that
we believe should be included in future trials on this subject, we have
not gone through the process of formally developing COS. Aside from
experts’ views, patients’ views are also included in the development of a
COS, which might provide useful additional insight for future research.

Recovery on the days after the procedure would also be an inter-
esting, patient-centred outcome and might be influenced by the

method of analgesia used. A validated questionnaire, such as the qual-
ity of recovery-40 questionnaire, would provide insight into this aspect
of the patient experience (Gornall et al., 2013).

In addition, cost-effectiveness may be an important factor for patients
in their decision for methods of pain relief, given that ART is not
completely reimbursed by health insurance in most countries. It is, there-
fore, recommended to include a cost-effectiveness analysis in new trials.

Recommendations for designing future
trials
Based on our findings, evidence-based guidelines on conduct and
reporting of RCTs, and expert opinion, we provide a series of recom-
mendations for designing future trials of pain relief during oocyte re-
trieval. These are provided in Table VII.

Conclusion
The RCTs performed to date on pain relief during oocyte retrieval
have been of low-quality owing to various methodological limitations.

............................................................................................................................................................................................................................

Table VII Recommendations for designing future trials on analgesia during oocyte retrieval.

Recommendations for future trials

Randomization and allocation concealment: We recommend adherence to the CONSORT guideline for transparent reporting on this topic.

Blinding: Blinding of patients and staff should always be endeavoured, because of the subjective nature of the outcome measures of pain and satisfaction. When
interventions do not have feasible placebo alternatives, performance bias can be prevented by clear protocols, in which conduct and, for example, justification
for dosage changes are registered. It is recommended to use a blinded outcome assessor.

Outcomes: First and foremost, outcomes reflecting the patient experience are recommended because of the patient-centred nature of this topic.
Intraoperative pain is the preferred primary outcome measure. This should be measured during the procedure, or immediately after, about experi-
enced pain during the procedure. Postoperative pain should be measured at the same time for all patients, and the timing should be described pre-
cisely. Although there is no consensus on the preferred scale for pain measurement, most RCTs have used the VAS scale, and we recommend
continuing this trend, until further research shows otherwise.
Satisfaction is a relevant outcome in means of patient-centred care, but does not seem a valuable primary outcome due to limited discrimination.
Use of validated questionnaires for satisfaction and patient experience with sedation and analgesia is recommended.
Side effects and complications associated with the interventions should be assessed and defined.
Pregnancy rates should be included for assessment of safety of the intervention. Definitions should be clearly described, including gestational age
and method of assessment. Most clinically relevant are viable pregnancy rate confirmed by ultrasound, and live birth rate. Whether it was assessed
per embryo transfer or per cycle should also be reported.
Recovery after oocyte retrieval has rarely been studied. A validated questionnaire such as the quality of recovery-40 questionnaire would provide in-
sight in this aspect of the patient experience.

Sample size: For sample size calculation for a study with pain as a primary outcome, the minimal clinically relevant difference should be considered to be at least
20% on an 11-point scale. The sample size depends on the mean pain score expected in the control group.

Follow-up and analysis: For transparency about the pathway patients took from counselling to analysis, we recommend use of the CONSORT flowchart. ITT
analysis is the most fitting method of analysis in this field.

Selective reporting: Most journals currently require a study protocol to have been published before the RCT is considered for publication. It is imperative to
have defined outcome measures before starting the RCT.

Population: All women undergoing oocyte retrieval can be included in research on pain relief. A description of the population should include age, BMI, infertility
diagnosis, including presence of endometriosis, number of follicles punctured and/or oocytes retrieved, and the duration of the procedure. Additionally, pre-
operative measurement of anxiety is recommended.

Interventions: There seems no need for the more invasive general anaesthesia to be studied any longer. Other than the intervention of interest, treatment
groups should be treated in the same way.

Cost-effectiveness: It is recommended to include a cost-effectiveness analysis in new trials.

ITT, intention-to-treat; RCT, randomized controlled trial.
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Furthermore, the possibilities for accurate comparison and application
of the evidence obtained are limited by the broad heterogeneity of
interventions studied, as well as outcomes measured.

In this methodological review, the key limitations of reporting of
methodological and clinical characteristics in research on pain relief for
women undergoing oocyte retrieval were identified.
Recommendations are given for designing future trials to help avoid
more unproductive research of low quality being conducted, and to
improve the comparability and generalizability of future RCTs.
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