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study question: Does follicular flushing during assisted reproductive technologies (ART) improve the number of oocytes retrieved?

summary answer: Follicular flushing during ART does not result in a greater number of oocytes in normal responders.

what is known already: Despite limited evidence supporting the use of follicular flushing, it continues to be a common pro-
cedure in many ART clinics. Prior studies have provided conflicting results regarding the routine use of flushing during oocyte retrieval.

study design, size, duration: Systematic review and meta-analysis of 518 patients who participated in 6 randomized trials over
20 years.

participants/materials, setting, methods: Literature searches were conducted to retrieve randomized controlled
trials on follicle or ovarian flushing in ART. Databases searched included PubMed, EMBASE, Web of Science and the Cochrane Database
of Clinical Trials (CENTRAL). Six trials that included 518 subjects matched the inclusion criteria. Studies included were limited to trials
that were published, randomized trials comparing oocyte retrieval with a single-lumen pick-up needle versus follicle flushing after direct as-
piration with a multi-channel oocyte pick-up needle in ART patients.

main results and the role of chance: In each of the trials, measures of the oocyte yield (oocytes retrieved divided by
follicles aspirated), total oocytes retrieved, fertilization or pregnancy were not different when comparing direct aspiration with follicle flushing.
Four trials reported a higher operative time with follicle flushing. Results of the meta-analysis indicated no significant differences in the oocytes
retrieved [weighted mean difference: 0.07, 95% confidence interval (CI): 20.13 to 0.29] or the oocyte yield (odds ratio: 1.06, 95% CI: 0.95–
1.18) between the non-flushing and flushing groups.

limitations, reasons for caution: All trials featured an open label design and the majority of patients in this meta-analysis
were normal responders. The applications of these results to poor responders, patients undergoing natural cycle ART or minimal stimulation
ART should be made with caution.

wider implications of the findings: Follicle flushing does not improve ART outcomes in normal-responding patients and
should not be performed. This meta-analysis should solidify this recommendation as it includes the largest trial published on the subject and is
consistent with a recently published Cochrane review.

study funding/competing interest(s): This work was supported, in part, by the Program in Reproductive and Adult
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trial registration number: N/A.
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Introduction
Over the past two decades, transvaginal ultrasound-guided follicle as-
piration has become the standard procedure for oocyte retrieval
during ART, both improving safety and efficacy compared with previ-
ous laparoscopic methods (Gembruch et al., 1988; Wiseman et al.,
1989). This prompted refinements in the aspiration needle to maxi-
mize oocyte recovery (Eisermann et al., 1989; Miller et al., 2004).
Double-lumen needles were developed to overcome potential
oocyte retention, with one channel for aspiration of the oocyte and
the other channel for flushing fluid into the follicle. The theoretical
benefit of the double-lumen needle was that the additional flushing
of fluid into the follicle would maximize the likelihood of retrieving
an oocyte (Hill and Levens, 2010). This concept was initially supported
by several non-randomized trials that demonstrated promising results
with utilization of follicle flushing (Elhussein et al., 1992; Waterstone
and Parsons, 1992; Bagtharia and Haloob, 2005). However, some sub-
sequent randomized studies have failed to corroborate these results
(Levens et al., 2009; Haydardedeoglu et al., 2011).

Despite the limited evidence supporting the routine use of follicular
flushing (Knight et al., 2001; Hill and Levens, 2010), it continues to be a
common procedure in many ART clinics and questions remain regard-
ing the potential benefits of flushing on the oocyte yield and treatment
cycle outcomes (Knight et al., 2001; Lozano et al., 2006; Uzelac et al.,
2009). The purpose of this systematic review and meta-analysis was to
summarize the available published, randomized controlled data
regarding the effects of follicle flushing on the oocyte yield and
other treatment cycle parameters in ART.

Methods

Literature search
Literature searches were conducted to retrieve randomized controlled
trials (RCTs) on follicle or ovarian flushing in ARTs.

Databases searched included PubMed, EMBASE, Web of Science and
the Cochrane Database of Clinical Trials. The searches were not limited
by language or by date and were executed from 15 to 30 September
2011. References were exported into an endnote bibliographic manage-
ment database and duplicates were removed. Searches utilized keywords
and specific database indexing terminology when available.

The following search strategy was performed: (ovarian follicle[mh] OR ovary
OR ovarian OR follicle OR follicular) AND (washing OR flushing) AND (repro-
ductive techniques, assisted[mh] OR ‘embryo transfer’ OR fertilization, in
vitro[mh] OR ‘in vitro fertilization’ OR IVF OR ‘intracytoplasmic sperm injec-
tion*’ OR ICSI OR ‘artificial insemination’ OR ‘gamete intrafallopian transfer’
OR ‘oocyte donation’ OR ‘oocyte retrieval’ OR ‘ovulation induction’ OR
‘zygote intrafallopian transfer’ OR ‘assisted reproduction’ OR ‘assisted repro-
ductive’) AND (random* OR randomized controlled trial[pt]).

Study selection
Criteria for inclusion in the study were established prior to the literature
search. Inclusion was limited to studies that were published RCTs

comparing oocyte retrieval with a single-lumen pickup needle (non-flushing
group) versus follicle flushing after direct aspiration with a multi-channel
oocyte pick-up needle (flushing group) in ART patients. There were no
additional inclusion or exclusion criteria pertaining to patient population.
Eligible trials were included regardless of the number of follicle flushes per-
formed or the volume of flushing media utilized. Non-randomized trials,
trials without a non-flushing control group, studies published as abstracts
only and review articles were excluded.

Studies retrieved by the literature search were independently screened
for inclusion by two authors (G.L. and M.J.H.), and there was consensus in
all studies identified for inclusion. The search strategy yielded 29 records.
Searches executed in other databases yielded no additional studies (Fig. 1).
All 29 abstracts were reviewed and 20 abstracts were excluded during this
review based on clear failure to meet the inclusion criteria. Nine full text
papers were evaluated further for inclusion and exclusion criteria. Of
these, six papers met the full inclusion criteria. One article was excluded
as the study was conducted in cattle, one article was excluded for not
having a non-flush group and one article was excluded for not being an
RCT. Two authors (G.L. and M.J.H.) were involved in all aspects of ab-
stract and manuscript review and final study selection. Risks of bias
within each study was also ascertained by the same two authors, specific-
ally evaluating the randomization method, group allocation, concealment
and the flow of patients through the study following the methodology
established by Jadad et al. (1996).

Data collection
Data were abstracted in parallel by two authors (G.L. and M.J.H.). Dichot-
omous outcomes data (live birth per retrieval and oocyte yield) were
extracted from the source papers in the form of 2 by 2 tables. Continuous
data (oocytes retrieved and procedure time) were extracted in the form of
mean, standard deviation and population size. Additional extracted data
included: author, year of publication, journal, randomization method,
group concealment and allocation methods, the number of patients rando-
mized to non-flush or follicle flushing intervention, volume of flushing
media utilized per follicle, number of flushes allowed per follicle and fertil-
ization. The primary outcome was the oocyte yield. Secondary outcomes
included oocytes retrieved, oocyte retrieval procedure time, fertilization,
clinical pregnancy, ongoing pregnancy and live birth. Outcomes were mea-
sured on a per patient basis.

Data synthesis (Moher et al., 1999)
Heterogeneity was evaluated using the Q test and I2 index values and
reported for each outcome as P-value and percentage, respectively
(Higgins et al., 2009). If these tests indicated the presence of heterogen-
eity, a random-effects model was used for analysis. If these tests indicated
a lack of heterogeneity, a fixed-effects model was used. Bias was assessed
at the study level using a qualitative review assessing randomization, con-
cealment, blinding and patient flow. Publication bias was assessed at the
outcome level by visual inspection of funnel plots. Dichotomous
outcome data were reported as odds ratios (ORs) with 95% confidence
intervals (CIs) and continuous data were synthesized using weighted
means with 95% CIs. An a priori subgroup analysis of normal-responding
and poor-responding ART patients was performed. As the systematic
review included two studies published from 2009 to 2012 and four
studies published from 1988 to 1992, a post hoc subgroup analysis of
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studies published recently and studies published remotely was also
performed.

Data collection was performed in Excel (Microsoft Office, 2007) and
statistical analysis was performed using Mix 2.0 Pro (Bax L: MIX 2.0; pro-
fessional software for meta-analysis in Excel, version 0.0.1.4. BiostatXL,
2011: http://www.meta-analysis-made-easy.com). Data were analyzed
per patient randomized. This study was exempted by the Institutional
Review Board (IRB) given the nature of the work.

Results

Selection of studies for meta-analysis
A total of 29 abstracts were identified, 9 full text articles were
reviewed and 6 trials met the inclusion criteria (Fig. 1; Haines et al.,
1989; Scott et al., 1989; Kingsland et al., 1991; Tan et al., 1992;
Levens et al., 2009; Haydardedeoglu et al., 2011). These studies repre-
sented a total of 518 ART cycles in 518 patients with randomization to
direct aspiration with a single-lumen oocyte pick-up needle (non-
flushing group) versus follicle flushing after direct aspiration with a
double-lumen oocyte retrieval needle (flushing group). One study
was performed in poor responders only, defined as fewer than 8 fol-
licles .12 mm on the day of hCG administration (Levens et al., 2009).
Another trial excluded poor responders, defined as patients with
fewer than 6 follicles ,12 mm on the day of hCG administration
(Haydardedeoglu et al., 2011). Of the 518 ART cycles included in
the meta-analysis, 488 were performed in a general, normal-
responding ART population.

Assessment of bias within each individual trial was performed by
qualitative evaluation of randomization, concealment, allocation and
patient flow. Three of the trials failed to report on the method of ran-
domization, concealment, allocation or patient flow (Haines et al.,
1989; Scott et al., 1989; Kingsland et al., 1991), but were included
in the meta-analysis as the methods sections clearly stated that the
trials were prospective and randomized. Tan et al. (1992) adequately
described their method of randomization, but failed to describe con-
cealment, allocation or patient flow. Both Levens et al. (2009) and
Haydardedeoglu et al. (2011) adequately described randomization,
concealment and allocation, and the studies had no patient
drop-out. Five of the trials were non-blinded study designs with
neither patients nor providers blinded to group allocation (Haines
et al., 1989; Scott et al., 1989; Kingsland et al., 1991; Tan et al.,
1992; Haydardedeoglu et al., 2011). Levens et al. (2009) was the
only study that employed a blinding scheme. The physicians perform-
ing the oocyte retrieval were blinded to the number of oocytes
retrieved until the completion of the surgery and the embryologist
evaluating the oocytes was blinded to patient group assignment
(Levens et al., 2009). Visual inspection of funnel plots did not
suggest publication bias.

Comparison of oocyte yield
Five trials reported on the oocyte yield (oocytes retrieved divided by
follicles aspirated) for a total of 6992 follicles aspirated (Haines et al.,
1989; Scott et al., 1989; Tan et al., 1992; Levens et al., 2009; Haydar-
dedeoglu et al., 2011). In all five trials, no differences were observed
between the oocyte yields in the flushing and non-flushing groups

Figure 1 PRISMA four-phase flow diagram of search yield, screening and inclusion steps.

Follicle flushing in assisted reproduction 2375

http://www.meta-analysis-made-easy.com
http://www.meta-analysis-made-easy.com
http://www.meta-analysis-made-easy.com
http://www.meta-analysis-made-easy.com
http://www.meta-analysis-made-easy.com
http://www.meta-analysis-made-easy.com
http://www.meta-analysis-made-easy.com
http://www.meta-analysis-made-easy.com


(Table I). No difference in the oocyte yield was also observed in the
trial evaluating poor responders (non-flushing group: 83% versus flush-
ing group: 85%, P ¼ 0.70; Levens et al., 2009). No significant hetero-
geneity was suggested by results of the Q test (P ¼ 0.97) and the I2

index (I2 value ¼ 0%). Therefore, a fixed effects model was used for
meta-analysis of these studies to evaluate the oocyte yield. No differ-
ence was observed in the oocyte yield between the non-flushing and
flushing groups (OR: 1.06, 95% CI: 0.95–1.18; Fig. 2).

Comparison of oocytes retrieved
There were no significant differences in the number of oocytes
retrieved between the two groups in any of the individual studies
(Table I). There was also no difference in the number of oocytes
retrieved in the flushing group in the trial evaluating poor responders
(non-flushing group: 6.5 oocytes versus flushing group: 7.2 oocytes,
P ¼ 0.38; Levens et al., 2009). Only two studies adequately reported
data on oocytes retrieved to allow for statistical synthesis comprising
304 ART cycles (Levens et al., 2009; Haydardedeoglu et al., 2011).
The other studies did not report standard deviations, which did not
allow statistical inclusion of the data into the meta-analysis.
Meta-analysis of oocytes retrieved showed no difference between
the non-flushing and flushing groups (weighted mean difference:
0.07, 95% CI: 20.13 to 0.29; Fig. 3).

Comparison of procedure time
Four of the trials reported on the time required for oocyte retrieval
(Kingsland et al., 1991; Tan et al., 1992; Levens et al., 2009; Haydar-
dedeoglu et al., 2011). In all four studies, procedural time for oocyte
retrieval was significantly longer in the follicle flushing group than in the
non-flushing group (Kingsland et al., 1991; Tan et al., 1992; Levens
et al., 2009; Haydardedeoglu et al., 2011). In trials performed using
older ART techniques, follicle flushing was associated with a 15-min
longer procedure time as compared with non-flushing (Table I; Kings-
land et al., 1991; Tan et al., 1992). Tan et al. (1992) and an increased
amount of anesthetic needed for the procedure in the follicle flushing
group when compared with the non-flushing group (100 versus 50 mg
of pethidine, P , 0.0001). In two more recent trials, follicle flushing
was associated with a 3- and 4-min longer procedure time when com-
pared with non-flushing (Table I; Levens et al., 2009; Haydardedeoglu
et al., 2011). Procedural times for oocyte retrieval shortened from the
older to the newer studies; however, follicle flushing was associated
with a longer procedure time for oocyte retrieval during all time
periods in this study. Both of the two most recent trials demonstrated
a substantially longer duration of oocyte retrieval in the follicle flushing
group of 3- and 4–min, respectfully (Levens et al., 2009; Haydarde-
deoglu et al., 2011). A busy ART clinic that performs a large
number of oocyte retrievals daily may find the additional time clinically
significant.

Secondary outcomes
Five trials reported no differences in the fertilization of MII oocytes
(oocytes that have completed meiosis I) between the flushing and
non-flushing groups (Haines et al., 1989; Kingsland et al., 1991; Tan
et al., 1992; Levens et al., 2009; Haydardedeoglu et al., 2011). Kings-
land et al. (1991 and Tan et al. (1992) reported similar clinical preg-
nancy rates between the non-flushing and flushing groups. Levens
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et al. (2009) reported ongoing pregnancies in 40% of the non-flushing
group and 20% of the flushing group (P ¼ 0.19). Haydardedeoglu et al.
(2011) reported live birth in 39.4% of the non-flushing group and
38.1% of the flushing group (P ¼ 0.68). Statistical synthesis of preg-
nancy outcomes was not performed given the heterogeneity of the
outcomes reported in the primary studies.

Subgroup analysis
An a priori subgroup analysis was performed to evaluate the effect of
follicle flushing in poor-responding and normal-responding ART
patients. Only the Levens et al. (2009) trial evaluated the use of follicle
flushing in poor responders. There was no difference in the oocytes
retrieved or oocyte yield in this study between the two groups, but
the study was limited by a small sample size of 30 ART cycles
(Table I). The only significant difference reported in this trial was an
increased mean retrieval time with follicle flushing (non-flushing
group: 186 s versus flush group: 366 s, P , 0.001; Levens et al.,
2009). Five trials were performed in general, normal-responding
ART populations (Haines et al., 1989; Scott et al., 1989; Kingsland
et al., 1991; Tan et al., 1992; Haydardedeoglu et al., 2011). Subgroup
analysis of normal responders showed no increase in the oocyte yield
between the flushing and non-flushing groups (OR: 1.06, 95% CI:
0.95–1.19).

A post hoc subgroup analysis was performed to evaluate the primary
outcomes of the meta-analysis in the older RCTs (1989–1992) and
the newer RCTs (2009–2011) to account for changes in the follicle
flushing equipment and oocyte retrieval technique. In the four RCTs

published between 1989 and 1992, there was no difference in the
oocyte yield between the non-flushing and flushing groups utilizing a
fixed effects model (OR: 1.10, 95% CI: 0.90–1.34; Haines et al.,
1989; Scott et al., 1989; Kingsland et al., 1991; Tan et al., 1992). In
the two trials performed between 2009 and 2011, there was no dif-
ference in the oocyte yield between the non-flushing and flushing
groups utilizing a fixed effects model (OR: 1.03, 95% CI: 0.91–1.09;
Levens et al., 2009; Haydardedeoglu et al., 2011).

Discussion
In this meta-analysis, there was no demonstrable benefit to follicle
flushing over aspiration alone. Both techniques resulted in a similar
total number of oocytes retrieved and oocyte yield. These findings
were consistent across all six RCT included in the analysis. Follicle
flushing was also associated with a longer procedure time, which
could theoretically lead to a small increase in the cost and risk of
the procedure, although data are lacking to adequately address this.
Our findings are consistent with those of a 2010 Cochrane review
demonstrating no benefit in follicle flushing (Wongtra-ngan et al.,
2010). That review was performed prior to the largest publication
by Haydardedeoglu et al. (2011) which allowed this meta-analyis to
consider data from 518 ART cycles for analysis compared with 164
in the prior review (Wongtra-ngan et al., 2010). Despite the substan-
tially larger data set and additional power of this current meta-analysis,
ART outcomes were not different between the flushing and non-
flushing groups.

Figure 2 Forest plot comparing oocyte yield (oocytes retrieved/follicles aspirated) in the flushing and non-flushing groups. Data reported per
oocyte aspirated.

Figure 3 Forest plot comparing the number of oocytes retrieved in the flushing and non-flushing groups. Data reported per patient.
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These data differ from several non-randomized studies that have
suggested that follicle flushing increases oocyte yield (Elhussein et al.,
1992; Waterstone and Parsons, 1992; Bagtharia and Haloob, 2005).
However, these studies have methodologic issues in their design
that may have influenced the results. In all three trials, every patient
underwent flushing and there was no control group. Each follicle
was punctured a single time and aspiration occurred followed by flush-
ing. Oocytes retrieved early were attributed to direct aspiration and
oocytes retrieved later were attributed to flushing. It is possible that
oocytes attributed to retrieval from follicle flushing were trapped in
the aspiration tubing and therefore actually retrieved from aspiration
alone, although credited to follicle flushing. Some of these trials
attempted to address this issue by counting oocytes retrieved in the
first flush as resulting from aspiration alone. Randomizing patients to
flushing versus non-flushing is the best way to compare these
approaches, and to address the potential for inaccurate attribution
of oocytes retrieved to aspiration or flushing, and therefore this
meta-analysis only included RCTs.

In theory, increasing oocyte yield should lead to an increase in the
number of embryos available to select from for embryo transfer, po-
tentially increasing the odds of live birth. In an analysis of over 400 000
ART cycles, Sunkara et al. (2011) demonstrated that the odds of live
birth from ART increased markedly as the total number of oocytes
retrieved increased from 1 to 10 oocytes. Similar increases were
not observed for higher oocytes retrievals, and with retrieval of
between 15 and 30 oocytes the odds of live birth essentially plat-
eaued. Based on this association, little benefit might be expected
from follicle flushing in normal-responding patients, where the add-
itional benefit of one to two more oocytes may be negligible.
However, patient groups where a small number of oocytes are avail-
able for retrieval may represent patients most likely to benefit from
follicle flushing. Such patient groups may include poor responders,
natural cycle ART and minimal stimulation ART (Lozano et al.,
2006; Lozano et al., 2008; Levens et al., 2009). The only randomized
trial that evaluated poor responders observed no significant differ-
ences between groups, demonstrating a non-significant increase in
the oocyte yield and total number of oocytes retrieved with follicle
flushing (Levens et al., 2009). However, this study was limited by a
small sample size of 30 patients. The systematic review did not find
any randomized controlled data evaluating follicle flushing in natural
cycle or minimal stimulation ART.

A potential weakness of this meta-analysis is that all trials evaluated
featured open-label designs that potentially introduce physician bias
into patient management. Only Levens et al. (2009) attempted to
address this potential confounding factor by blinding the treating phy-
sicians to the number of oocytes retrieved while the procedure was
ongoing. However, open-label designs are thought to more commonly
favor bias towards overestimating the positive effect of the interven-
tion (Wood et al., 2008), a phenomenon not seen in this
meta-analysis. Three of the studies failed to adequately report on ran-
domization and allocation, which allows for potential additional bias
within the data. Another weakness is the heterogeneity of the
studies with respect to which aspiration needle was used, the
volume of the flushing media, and the number of flushes performed
per follicle. Additionally, this heterogeneity was unlikely to affect the
results of this meta-analysis as no individual study showed the evi-
dence of benefit from its specific flushing technique.

The data in this meta-analysis did not show any benefit in total
oocytes retrieved or oocyte yield with follicle flushing during oocyte
retrieval. Follicle flushing was associated with a significant increase in
the procedure time for oocyte retrieval. RCTs are needed to assess
the utility of follicle flushing in poor responders, natural cycle ART
and minimal stimulation ART.
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