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Abstract 

Objectives To assess the value of follicular flushing during ovum pick up compared to follicular aspiration in IVF 
cycles.

Search strategy Screening of PubMed, Web Of Science, Cochrane, Scopus, and clinical trials registry from inception 
to October 2024. The search key words included follicular flushing, follicle aspiration, ovum pick up, oocyte retrieval, 
IVF, and their MeSH terms.

Selection criteria This review included all RCTs that evaluated the use of follicular flushing during ovum pick‑up. 
Seventeen studies including 2218 participants (1124 were subjected to follicular flushing and 1094 subjected to fol‑
licular aspiration) were included.

Data collection and analysis The extracted data included the settings of the study, the number and characteristics 
of participants, intervention details including the number of flushes, and the suction pressure used, outcome param‑
eters including number of retrieved oocytes, the oocyte/ follicle ratio, the number of MII oocytes, the time of the pro‑
cedure, the fertilization, implantation, clinical pregnancy, chemical pregnancy, ongoing pregnancy, live birth, miscar‑
riage and cancellation rates, and risk of bias assessment.

Main results The number of retrieved and MII oocytes were evaluated in 14 and 11 studies with 1920 and 1588 par‑
ticipants and revealed a mean difference (MD) of 0.03 and 0.16 with [‑0.50, 0.57] and [‑0.29, 0.61] 95% CI (P value =0.9 
and 0.48,  I2 = 87% and 90%), respectively.

The fertilization and implantation rates were evaluated in 4 and 7 studies with 3331 and 1605 participants 
and revealed an Odd Ratio (OR) of 1.48 and 0.91 with [0.98, 2.24] and [0.55, 1.51] 95% CI (P value =0.06 and 0.72,  I2 = 
82% and 61%), respectively.

The clinical pregnancy rate was evaluated in 11 studies with 1542 participants and revealed an Odd Ratio (OR) of 1.23 
with [0.86, 1.74] 95% CI (P value =0.26,  I2 = 42%).

The ongoing pregnancy /livebirth rate was evaluated in 11 studies with 1266 participants and revealed an Odd Ratio 
(OR) of 1.07 with [0.80, 1.43] 95% CI (P value =0.65,  I2 = 0%).

*Correspondence:
Ahmed M Maged
prof.ahmedmaged@gmail.com; ahmedmaged@cu.edu.eg; dr_
ahmedmaged08@kasralainy.edu.eg
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s40834-025-00351-w&domain=pdf


Page 2 of 19El‑Goly et al. Contraception and Reproductive Medicine           (2025) 10:25 

The time of the procedure was evaluated in 8 studies with 985 participants and revealed a mean difference (MD) 
of 178.58 with [98.23, 258.93] 95% CI (P value <0.001,  I2 = 97%).

The cycle cancellation rate was evaluated in 5 studies with 856 participants and revealed an Odd Ratio (OR) of 0.66 
with [0.45, 0.98] 95% CI (P value =0.04,  I2 = 0%).

Conclusion Follicular flushing during oocyte retrieval did not improve the number of retrieved oocytes, the oocyte 
retrieved over the aspirated follicles ration, the number of MII oocytes, the fertilization rate, implantation rate, clinical 
pregnancy, chemical pregnancy, ongoing pregnancy/livebirth, and miscarriage rates and associated with signifi‑
cant prolongation of the procedure. Cycle cancellation was significantly improved with follicular flushing in women 
with poor ovarian response.

Trial registration Registration number CRD42024600698 date of registration 23/10/2024.

Keywords Follicular flushing, Follicular aspiration, Ovum pick up, Retrieved oocytes, IVF, Clinical pregnancy rate

Introduction
IVF is a relatively complicated procedure that involves a 
series of stages. The number of oocytes obtained after the 
hormonal ovarian stimulation is very crucial in determi-
nation of IVF success [1].

Initially, ovum pick up was challenging and performed 
by either laparotomy or laparoscopy with less than 50 % 
success rate [2].

This rate was improved with the introduction of foot-
controlled suction pressure control [3], and Teflon lined 
beveled aspiration needles [4].

Ovum pick up is usually performed under general 
anesthesia after 34 -38 hours of ovulation triggering [5].

The role of first come first serve is usually followed 
during ovum pick up to avoid intraovarian bleeding, 
inadvertent follicular rupture, and to ensure continuous 
visualization of the needle during aspiration to avoid pel-
vic organs and vessels injury [6].

Although ovum pick up is a relatively safe procedure, 
it may be associated with pain, infection (0.6%), vaginal 
bleeding (8.6%), and complications of the used anesthesia 
[7].

Several modifications were suggested to maximize the 
number of retrieved oocytes during ovum pick up espe-
cially in women with poor ovarian response [8]

The use of follicular flushing was introduced to reduce 
the risk of oocyte retention. However, the use of flush-
ing may have a damaging effect on the retrieved oocytes. 
While some investigators suggested the use of follicular 
flushing in all women, others restricted its use to poor 
responders and another group rejected its use in all cases.

Older non RCTs suggested that follicular flushing 
increased the number of retrieved oocytes [9–11].

Subsequent studies yielded conflicting results regard-
ing the benefits and risks of follicular flushing [12].

So, the conduction of this review was necessary to 
search for evidence regarding follicular flushing use dur-
ing ovum pick up.

Objective
To evaluate the safety and efficacy of value of follicular 
flushing compared to follicular aspiration during ovum 
pick up in IVF cycles.

Methods
This study was prospectively registered following the 
PRISMA guidelines of randomized controlled studies 
with CRD42024600698 number.

Eligibility criteria, information sources, search strategy
Two authors independently searched the different data-
bases including PubMed, Web Of Science, Cochrane, 
Scopus, and clinical trials registry from inception to 
October 2024. The search key words included folli-
cular flushing, follicle aspiration, ovum pick up, oocyte 
retrieval, IVF, and their MeSH terms.

Study selection
This review included all RCTs that evaluated the use of 
follicular flushing and compared it to follicular aspira-
tion during ovum pick-up step in IVF cycles without 
language restrictions. It included all studies regardless of 
the number of flushes, the suction pressure used and, in 
all participants, whether poor, normal, or high ovarian 
responders.

After completing the search, the same 2 authors inde-
pendently screened the articles for possible inclusion 
in this review. Any disagreement between them was 
reviewed and evaluated by all other authors.

After establishment of the included studies, 2 authors 
independently extracted the data from the selected arti-
cles using an extraction data sheet. The sheet included 
the settings of the study, the number of randomized and 
analyzed participants, the inclusion and exclusion crite-
ria of the participants, all the intervention details includ-
ing the number of flushes, and the suction pressure 
used, outcome parameters including both primary and 
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secondary ones, risk of bias assessment and trial registra-
tion details.

The reported outcomes included the number of 
retrieved oocytes, the oocyte/ follicle ratio, the number 
of MII oocytes, the time of the procedure, the fertiliza-
tion, implantation, clinical pregnancy, chemical preg-
nancy, ongoing pregnancy, live birth, miscarriage, and 
cancellation rates.

The risk of bias assessment for the included studies fol-
lowed the recommendations of the Cochrane Handbook 
of Systematic Reviews for evaluation of RCTs. These 
recommendations included assessment of the random 
sequence generation, allocation concealment, partici-
pants and outcome assessor blinding, incomplete and 
selective data reporting and assessment of other biases. 
GRADE analysis was used to assess the quality of evi-
dence for each outcome. GRADE assessment included 
the number of the reporting studies, risk of bias, incon-
sistency of the reported outcome, indirectness of data, 
sample size, width of CI and publication bias.

Statistical analysis
The overall effect estimate for dichotomous and continu-
ous variables was done through measurement of Odd 
Ratio and the mean differences with 95% CI for both, 
respectively. The fixed or random effect models were used 
in non-significant and significant studies heterogeneity, 
respectively. The heterogeneity was evaluated through 
assessed by Cochran’s Q test and  I2 statistics. The level of 
significance was set at or below 0.05 for P value and at or 
above 40% for  I2. All statistical calculations and subgroup 
analysis were done using the Review Manager (RevMan) 
version 5.4.1 (The Nordic Cochrane Centre, Cochrane 
Collaboration, 2020, Copenhagen, Denmark).

Results
Study selection, study characteristics:

The flow chart of the search process is shown in 
Figure 1.

Seventeen studies including 2218 participants (1124 
were subjected to follicular flushing and 1094 subjected 
to follicular aspiration) were included in our meta-anal-
ysis [13–29].

All the included studies were published in English lan-
guage and conducted in a single center.

Four studies were conducted in USA [21–23, 27], 3 in 
Turkey [16–18], 2 in UK [19, 28] and one study was con-
ducted in each of the following countries Australia [15], 
Brazil [14], Egypt [25], France [13], Germany [29], Italy 
[24], Greece [20] and Switzerland [26].

The included participants were poor ovarian respond-
ers in 8 studies [13, 14, 17, 21–23, 26, 29], normal 
responders in 1 study [16] and unspecified in relation to 

ovarian response in 8 studies [15, 18–20, 24, 25, 27, 28]. 
The suction pressure used in the included studies ranged 
between 80 mmHg and 220 mmHg. In 1 study the suc-
tion pressure was manually determined [27] and unspeci-
fied in 6 studies [15, 16, 18, 19, 23, 24].

The number of follicular flushes were 1 flush in 5 stud-
ies [13, 16, 18, 21, 27], 2 flushes in 2 studies [24, 25], 3 
flushes in 4 studies [14, 17, 22, 29], 4 flushes in 1 study 
[23], 5 flushes in 4 studies [15, 19, 20, 26] and 6 flushes in 
1 study [28].

The included studies characteristics including the set-
tings, sample size, participants characteristics, details 
of interventions, study outcomes and trial registration 
details are presented in Table 1.

The risk of bias is described in Figure 2.

Synthesis of results
The number of retrieved oocytes was evaluated in 14 
studies with 1920 participants (973 were subjected to fol-
licular flushing and 947 were subjected to follicular aspi-
ration) and revealed a mean difference (MD) of 0.03 with 
[-0.50, 0.57] 95% CI (P value =0.9,  I2 = 87%) (Figure 3).

The oocyte/ follicle ratio was evaluated in 5 studies 
with 6051 participants (2985 were subjected to follicu-
lar flushing and 3066 were subjected to follicular aspira-
tion) and revealed an Odd Ratio (OR) of 1.12 with [0.64, 
1.96]95% CI (P value =0.7,  I2 = 94%) (Figure 4).

The number of MII oocytes was evaluated in 11 studies 
with 1588 participants (806 were subjected to follicular 
flushing and 782 were subjected to follicular aspiration) 
and revealed a mean difference (MD) of 0.16 with [-0.29, 
0.61] 95% CI (P value =0.48,  I2 = 90%) (Figure 5).

The fertilization rate was evaluated in 4 studies with 
3331 participants (1644 were subjected to follicular flush-
ing and 1687 were subjected to follicular aspiration) and 
revealed an Odd Ratio (OR) of 1.48 with [0.98, 2.24] 95% 
CI (P value =0.06,  I2 = 82%) (Figure 6).

The implantation rate was evaluated in 7 studies with 
1605 participants (833 were subjected to follicular flush-
ing and 772 were subjected to follicular aspiration) and 
revealed an Odd Ratio (OR) of 0.91 with [0.55, 1.51] 95% 
CI (P value =0.72,  I2 = 61%) (Figure 7).

The clinical pregnancy rate was evaluated in 11 studies 
with 1542 participants (787 were subjected to follicular 
flushing and 755 were subjected to follicular aspiration) 
and revealed an Odd Ratio (OR) of 1.23 with [0.86, 1.74] 
95% CI (P value =0.26,  I2 = 42%) (Figure 8).

The chemical pregnancy rate was evaluated in 3 stud-
ies with 539 participants (281 were subjected to follicular 
flushing and 258 were subjected to follicular aspiration) 
and revealed an Odd Ratio (OR) of 0.93 with [0.58, 1.49] 
95% CI (P value =0.76,  I2 = 37%) (Figure 9).
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The ongoing pregnancy /livebirth rate was evaluated 
in 11 studies with 1266 participants (644 were subjected 
to follicular flushing and 622 were subjected to follicular 
aspiration) and revealed an Odd Ratio (OR) of 1.07 with 
[0.80, 1.43] 95% CI (P value =0.65,  I2 = 0%) (Figure 10).

The miscarriage rate was evaluated in 5 studies with 
601 participants (303 were subjected to follicular flush-
ing and 298 were subjected to follicular aspiration) and 
revealed an Odd Ratio (OR) of 1.01 with [0.21, 4.73] 95% 
CI (P value =0.99,  I2 = 36%) (Figure 11).

The time of the procedure was evaluated in 8 studies 
with 985 participants (504 were subjected to follicular 

flushing and 481 were subjected to follicular aspira-
tion) and revealed a mean difference (MD) of 178.58 
with [98.23, 258.93] 95% CI (P value <0.001,  I2 = 97%) 
(Figure 12).

The cycle cancellation rate was evaluated in 5 studies 
with 856 participants (441 were subjected to follicular 
flushing and 415 were subjected to follicular aspiration) 
and revealed an Odd Ratio (OR) of 0.66 with [0.45, 
0.98] 95% CI (P value =0.04,  I2 = 0%) (Figure 13).

Subgroup analysis for different outcomes according 
to the ovarian response of participants and number of 
flushes is described in Table  2 and the quality of evi-
dence using GRADE analysis is described in Table 3.

Fig 1 PRISMA flow chart
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Fig 2 Risk of bias A graph B summary

Fig 3 The number of retrieved oocytes
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Fig 4 The oocyte/ follicle ratio

Fig 5 The number of MII oocytes

Fig 6 Fertilization rate
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Discussion
This meta-analysis confirmed that follicular flushing 
during oocyte retrieval did not improve any of the IVF 
cycle outcomes except the reduction of cycle cancella-
tion rate (high evidence). The non improved outcomes 
included the number of retrieved oocytes (moderate 
evidence), the oocyte retrieved over the aspirated fol-
licles ration (moderate evidence), the number of MII 
oocytes (high evidence), the fertilization rate (moder-
ate evidence), implantation rate (moderate evidence), 
clinical pregnancy (high evidence), chemical pregnancy 
(moderate evidence), ongoing pregnancy/livebirth 

(high evidence), and miscarriage rates (moderate 
evidence).

Our review confirmed high evidence that the proce-
dure of follicular flushing was associated with significant 
prolongation of the procedure of ovum pick up.

These findings were constant through all subgroup 
analysis with few exceptions. These include the higher 
number of oocytes retrieved in the flush group if the 
flush was done once, the fertilization rate being higher in 
the flush group in poor responders and in women who 
underwent one and five flushes, the implantation and 
clinical pregnancy rates being higher in the flush group 

Fig 7 Implantation rate

Fig 8 Clinical pregnancy rate
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Fig 9 Chemical pregnancy rate

Fig 10 Ongoing pregnancy/live birth rate

Fig 11 Miscarriage rate
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after four flushes (however that was derived from Moklin 
and colleagues study only).

The lower cancellation rate was significantly evident in 
poor responders and after one flush only while it shows 
non-significant differences in other women.

Strengths and limitations
Our meta-analysis provides the largest evidence about 
the value of follicular flushing during ovum pick up. All 
available RCTs without any language limitations were 
included. Careful and complete data extraction, meticu-
lous risk of bias assessment for all individual studies 
were done by 2 authors independently. All authors for 
the included articles were contacted via email for clari-
fications and any missing data. A GRADE assessment of 
the quality of evidence for all outcomes was achieved. 

Extensive subgroup data analysis was calculated for all 
the available outcomes according to the ovarian reserve 
nature of included participants and the number of 
flushes.

The main limitations of this significant heterogene-
ity among the included studies. Most of the studies lack 
blind nature through their risk of bias assessment. Not 
all studies reported the same outcomes and most of the 
studies focused on the number of oocytes and other lab-
oratory data with less concentration on the clinical out-
comes of the procedure, especially livebirth rates. We 
tried to overcome this heterogeneity through analysis of 
data using the random effect model and through exten-
sive subgroup analysis. Although all authors were con-
tacted several times, only few authors responded for data 
clarification. In this review, we failed to report the side 

Fig 12 Time of the procedure

Fig 13 Cancellation rate
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Table 2 Subgroup analysis of outcomes

No of studies No of 
participants

Effect estimates

Number of oocytes retrieved Participants ovarian response Poor responders 7 771 ‑0.32 [‑0.83, 0.19]

Normal responders 1 274 ‑0.84 [‑1.91, 0.23]

Unspecified 6 875 0.50 [‑0.96, 1.95]

No of flushes One 5 800 ‑0.70 [‑1.16, ‑0.24]

Two 2 385 0.95 [‑1.58, 3.48]

Three 4 439 ‑0.14 [‑0.67, 0.39]

Four 1 50 ‑1.00 [‑2.45, 0.45]

Five 2 246 0.82 [‑3.77, 5.41]

Oocyte/follicle ratio Participants ovarian response Poor responders 2 455 0.73 [0.28, 1.91]

Unspecified 3 5596 1.37 [0.68, 2.74]

No of flushes Two 2 4163 1.68 [0.64, 4.45]

Three 2 455 0.73 [0.28, 1.91]

Six 1 1433 0.89 [0.69, 1.15]

Number of MII oocytes Participants ovarian response Poor responders 6 519 ‑0.20 [‑0.68, 0.28]

Normal responders 1 274 ‑0.92 [‑2.58, 0.74]

Unspecified 4 795 0.90 [‑0.12, 1.92]

No of flushes One 3 504 ‑0.16 [‑1.09, 0.77]

Two 2 385 0.57 [‑1.27, 2.42]

Three 4 439 ‑0.17 [‑0.70, 0.37]

Four 1 50 ‑0.80 [‑1.70, 0.10]

Five 1 210 2.00 [1.37, 2.63]

Fertilization rate Participants ovarian response Poor responders 1 164 2.00 [1.07, 3.74]

Unspecified 2 2924 1.20 [0.68, 2.13]

No of flushes One 1 243 2.10 [1.18, 3.71]

Two 2 2924 1.20 [0.68, 2.13]

Five 1 164 2.00 [1.07, 3.74]

Implantation rate Participants ovarian response Poor responders 4 413 0.60 [0.16, 2.28]

Normal responders 1 808 1.17 [0.86, 1.61]

Unspecified 1 220 1.15 [0.64, 2.06]

No of flushes One 2 867 0.83 [0.30, 2.32]

Two 1 220 1.15 [0.64, 2.06]

Three 2 250 1.63 [0.34, 7.89]

Four 1 104 0.10 [0.02, 0.44]

Clinical pregnancy rate Participants ovarian response Poor responders 5 617 0.90 [0.40, 2.01]

Normal responders 1 274 1.28 [0.80, 2.07]

Unspecified 5 651 1.47 [0.94, 2.28]

No of flushes One 3 726 1.25 [0.90, 1.74]

Two 2 317 2.08 [0.62, 6.95]

Three 2 151 1.67 [0.24, 11.67]

Four 1 50 0.07 [0.01, 0.64]

Five 2 198 0.95 [0.40, 2.23]

Six 1 100 1.11 [0.45, 2.75]
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effects and complications of the procedures as they were 
rarely reported by the included studies. However, that 
was not considered as a major limitation as the process of 
ovum pick up is relatively safe.

Comparison with existing reviews
The Martini and colleagues systematic review included 
11 studies (1,178 cases). They found that follicular flush-
ing was not associated with improvement in either live-
birth or clinical pregnancy rates. They reported a lower 

Table 2 (continued)

No of studies No of 
participants

Effect estimates

Ongoing/livebirth rate Participants ovarian response Poor responders 7 727 0.85 [0.52, 1.38]

Normal responders 1 173 1.18 [0.64, 2.16]

Unspecified 3 366 1.23 [0.79, 1.91]

No of flushes One 4 655 1.10 [0.76, 1.60]

Two 1 132 1.17 [0.58, 2.38]

Three 3 231 1.26 [0.55, 2.90]

Four 1 50 0.17 [0.02, 1.55]

Five 2 198 0.85 [0.34, 2.11]

Time of procedure Participants ovarian response Poor responders 5 311 147.67 [73.08, 222.26]

Normal responders 1 274 255.60 [223.94, 287.26]

Unspecified 2 400 210.84 [81.49, 340.19]

No of flushes One 3 504 241.99 [194.99, 288.98]

Two 1 200 144.00 [79.32, 208.68]

Three 3 231 141.59 [38.34, 244.84]

Four 1 50 138.00 [66.89, 209.11]

Cancellation rate Participants ovarian response Poor responders 3 382 0.63 [0.39, 1.00]

Normal responders 1 274 0.83 [0.28, 2.44]

Unspecified 1 200 0.70 [0.27, 1.83]

No of flushes One 3 726 0.61 [0.39, 0.95]

Three 1 80 1.00 [0.39, 2.55]

Four 1 50 0.32 [0.01, 8.25]

Table 3 GRADE quality of evidence

N not serious, S serious

Outcome No studies Risk of bias Inconsistency Indirectness Imprecision Publication 
bias

Quality

Sample size Wide CI

Number of oocytes retrieved 14 N S N 1920 N N Moderate

Oocyte/follicle ratio 5 N S N 6051 N N Moderate

Number of MII oocytes 11 N N N 1588 N N High

Fertilization rate 4 N S N 3331 N N Moderate

Implantation rate 7 N S N 1605 N N Moderate

Clinical pregnancy rate 11 N N N 1542 N N High

Chemical pregnancy rate 3 N N N 539 N N Moderate 

Ongoing/livebirth rate 11 N N N 1266 N N High

Miscarriage rate 5 N N N 601 N N Moderate

Time of procedure 8 N N N 985 N N High

Cancellation rate 5 N N N 856 N N High
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number of retrieved oocytes and MII oocytes and longer 
duration of the procedure in women who underwent fol-
licular flushing compared to those who underwent direct 
aspiration. Compared to our systematic reviews, not all 
outcomes were reported, and subgroup analysis was not 
done due to inclusion of smaller number of studies [12].

Neumann and colleagues in 2023 conducted a sys-
tematic review to assess the value of follicular flushing 
in poor responders. It included 6 RCTs. They reached a 
conclusion that the effect of follicular flushing in poor 
responders is uncertain. Their review included only 6 
studies, and the clinically related outcomes as clinical 
pregnancy and livebirth rates were not assessed [30].

A recent Cochrane review included 15 studies (1643 
women) compared to 17 studies (2218 participants) in 
our review. The authors concluded that the value of fol-
licular flushing is questionable on laboratory outcomes 
such as the numbers of retrieved oocytes, total number, 
and number of cryopreserved embryos and clinical out-
comes such as clinical pregnancy, livebirth, and miscar-
riage rates. Although the authors evaluated most of the 
clinical outcomes, other outcomes such as fertilization, 
implantation and cycle cancellation rates were not evalu-
ated. Also, extensive subgroup analysis was not done [31].

Conclusion
This systematic review concluded that the practice of fol-
licular flushing was not associated with improvement of 
IVF outcomes named the number of oocytes retrieved, 
the oocyte / follicle ratio, fertilization, implantation, 
clinical pregnancy, chemical pregnancy, live birth, and 
miscarriage rates. The cycle cancellation rate showed a 
significant improvement in follicular flushing in women 
with POR. The follicular flushing was associated with 
prolongation of the time of ovum pick up with expected 
prolongation of the anesthesia time and subsequently its 
complications and increase in the costs.

According to the current evidence, follicular flushing is 
not recommended during ovum pick up. We recommend 
a well-organized multicenter blinded RCTs conduction 
with standardization of the suction pressure and the 
number of flushes for each follicle to reach a solid con-
clusion about the use of follicular flushing especially in 
women with considerable risk of unfavorable outcomes 
as poor responders.

Acknowledgements
None.

Clinical trial number
Not applicable.

Synopsis
Follicular flushing during ovum pick up did not improve the number of 
retrieved oocytes, the number of MII oocytes, fertilization, implantation, 
clinical pregnancy, ongoing pregnancy, or livebirth rates. Follicular flushing 

during ovum pick up did not improve the number of retrieved oocytes, the 
number of MII oocytes, fertilization, implantation, clinical pregnancy, ongoing 
pregnancy, or livebirth rates.

Manuscript data
A. Why was this study conducted?
To assess the value of follicular flushing during ovum pick up in IVF cycles.
B. What are the key findings?
•Follicular flushing during oocyte retrieval did not improve the laboratory 
assessed outcomes of IVF named number of retrieved oocytes, the oocyte 
retrieved over the aspirated follicles ration, the number of MII oocytes, the 
fertilization rate, implantation rate,
•Follicular flushing was not associated with improvement of clinical preg‑
nancy, chemical pregnancy, ongoing pregnancy/livebirth, or miscarriage rates.
•The procedure of follicular flushing was associated with significant prolonga‑
tion of the ovum pick up procedure.
C. What does this study add to what is already known?
•Our meta‑analysis provides the largest available evidence about the value of 
follicular flushing during ovum pick up.
•The current evidence did not recommend the use of follicular flushing during 
ovum pick up as it was not associated with improvement of the number of 
retrieved oocytes, clinical, ongoing or livebirth rates.
•Large multicenter RCT with adequate blinding with standardization of the 
suction pressure and the number of flushes considering women with different 
ovarian responses is needed for proper evaluation of follicular flushing.

Authors’ contributions
NAE data extraction, risk of bias assessment, revision and approval of manu‑
script AMM search, data analysis, writing, revision and approval of manuscript 
AE data analysis. writing, revision and approval of manuscript AS search, revi‑
sion and approval of manuscript

Funding
Open access funding provided by The Science, Technology & Innovation 
Funding Authority (STDF) in cooperation with The Egyptian Knowledge Bank 
(EKB).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1 Faculty of medicine, Cairo University, Cairo, Egypt. 2 Department of Obstetrics 
and Gynecology, Kasr Al‑Ainy Hospital, Cairo University, Cairo, Egypt. 3 11 Eid 
Mostafa Street, Haram, Giza, Egypt. 

Received: 9 January 2025   Accepted: 28 February 2025

References
 1. Motawi TMK, Rizk SM, Maurice NW, Maged AM, Raslan AN, Sawaf AH. The 

role of gene polymorphisms and AMH level in prediction of poor ovarian 
response in Egyptian women undergoing IVF procedure. J Assist Reprod 
Genet. 2017;34(12):1659‑1666. https:// doi. org/ 10. 1007/ s10815‑ 017‑ 1013‑
4. Epub 2017 Aug 19. PMID: 28825151; PMCID: PMC5714814.

 2. Lopata A, Johnston WIH, Leeton J, et al. Collection of human oocytes by 
laparotomy and laparoscopy. Fertil Steril. 1974;25:1030–8.

https://doi.org/10.1007/s10815-017-1013-4
https://doi.org/10.1007/s10815-017-1013-4


Page 19 of 19El‑Goly et al. Contraception and Reproductive Medicine           (2025) 10:25  

 3. Wood C, Leeton J, Talbot M, Trounson AO. Technique for collecting 
mature human oocytes for in‑vitro fertilization. Br J Obstet Gynaecol. 
1981;88:756–60.

 4. Renou P, Trounson A, Wood C, Leeton JF. The collection of human oocytes 
for in‑vitro fertilization. An instrument for maximizing oocyte recovery 
rate. Fertil Steril. 1981;35:409–12.

 5. Weiss A, Neril R, Geslevich J, et al. Lag time from ovulation trigger to 
oocyte aspiration and oocyte maturity in assisted reproductive technol‑
ogy cycles: a retrospective study. Fertil Steril. 2014;102:419–23.

 6. Girsh E. Ovum Pickup (OPU). In: A textbook of clinical embryology. Girsh E 
(ed.) Cambridge University Press; 2021. Chapter 8;89–94.

 7. Bennett SJ, Waterstone JJ, Cheng WC, Parsons J. Complications of trans‑
vaginal ultrasound‑directed follicle aspiration: a review of 2670 consecu‑
tive procedures. J Assist Reprod Genet. 1993;10:72–7.

 8. Miller KA, Elkind‑Hirsch K, Benson M, Bergh P, Drews M, Scott RT. A new 
follicle aspiration needle set is equally effective and as well tolerated as 
the standard needle when used in a prospective randomized trial in a 
large in vitro fertilization program. Fertil Steril. 2004;81:191–3.

 9. Bagtharia S, Haloob AR. Is there a benefit from routine follicular flushing 
for oocyte retrieval? J Obstet Gynaecol. 2005;25:374–6.

 10. ElHussein E, Balen AH, Tan SL. Aprospective study comparing the 
outcome of oocytes retrieved in the aspirate with those retrieved in the 
flush during transvaginal ultrasound directed oocyte recovery for in‑vitro 
fertilization. Br J Obstet Gynaecol. 1992;99:841–4.

 11. Waterstone JJ, Parsons JH. A prospective study to investigate the value of 
f lushing follicles during transvaginal ultrasound‑directed follicle aspira‑
tion. Fertil Steril. 1992;57:221–3.

 12. Martini AE, Dunn A, Wells L, Rollene N, Saunders R, Healy MW, Terry N, 
DeCherney A, Hill MJ. Follicle flushing does not improve live birth and 
increases procedure time: a systematic review and meta‑analysis of 
randomized controlled trials. Fertil Steril. 2021;115(4):974–83. https:// doi. 
org/ 10. 1016/j. fertn stert. 2020. 10. 064. (Epub 2021 Mar 3 PMID: 33676753).

 13. Calabre C, Schuller E, Goltzene MA, Rongières C, Celebi C, Meyer N, Teletin 
M, Pirrello O. Follicular flushing versus direct aspiration in poor responder 
IVF patients: a randomized prospective study. Eur J Obstet Gynecol 
Reprod Biol. 2020;248:118–22. https:// doi. org/ 10. 1016/j. ejogrb. 2020. 03. 
003. (Epub 2020 Mar 6 PMID: 32200248).

 14. deSouza MM, Mancebo ACA, Souza MDCB, Antunes RA, Barbeitas AL, 
Raupp VA, Silva LABD, Siqueira F, Souza ALBM. Evaluation of follicular 
flushing with double lumen needle in patients undergoing assisted 
reproductive technology treatments. JBRA Assist Reprod. 2021;25(2):272–
5. https:// doi. org/ 10. 5935/ 1518‑ 0557. 20210 009. (PMID:33904666;PMCID:
PMC8083866).

 15. Haines CJ, Emes AL, O’Shea RT, Weiss TJ. Choice of needle for ovum 
pickup. J In Vitro Fert Embryo Transf. 1989;6(2):111–2. https:// doi. org/ 10. 
1007/ BF011 30737. (PMID: 2723504).

 16. Haydardedeoglu B, Cok T, Kilicdag EB, Parlakgumus AH, Simsek E, Bagis T. 
In vitro fertilization‑intracytoplasmic sperm injection outcomes in single‑ 
versus double‑lumen oocyte retrieval needles in normally responding 
patients: a randomized trial. Fertil Steril. 2011;95(2):812–4. https:// doi. org/ 
10. 1016/j. fertn stert. 2010. 09. 013. (PMID: 20970129).

 17. Haydardedeoglu B, Gjemalaj F, Aytac PC, Kilicdag EB. Direct aspiration 
versus follicular flushing in poor responders undergoing intracytoplasmic 
sperm injection: a randomised controlled trial. BJOG. 2017;124(8):1190–6. 
https:// doi. org/ 10. 1111/ 1471‑ 0528. 14629. (Epub 2017 May 2 PMID: 
28276148).

 18. Kara M, Aydin T, Turktekin N. Is follicular flushing really effective? A clinical 
study Arch Gynecol Obstet. 2012;286(4):1061–4. https:// doi. org/ 10. 1007/ 
s00404‑ 012‑ 2424‑1. (Epub 2012 Jun 20 PMID: 22714067).

 19. Kingsland CR, Taylor CT, Aziz N, Bickerton N. Is follicular flushing necessary 
for oocyte retrieval? A randomized trial Hum Reprod. 1991;6(3):382–3. 
https:// doi. org/ 10. 1093/ oxfor djour nals. humrep. a1373 44. (PMID: 
1955546).

 20. Lainas GT, Lainas TG, Makris AA, Xenariou MV, Petsas GK, Kolibianakis 
EM. Follicular flushing increases the number of oocytes retrieved: a 
randomized controlled trial. Hum Reprod. 2023;38(10):1927–37. https:// 
doi. org/ 10. 1093/ humrep/ dead1 69. (PMID: 37632249).

 21. Levens ED, Whitcomb BW, Payson MD, Larsen FW. Ovarian follicular flush‑
ing among low‑responding patients undergoing assisted reproductive 
technology. Fertil Steril. 2009;91(4 Suppl):1381‑4. https:// doi. org/ 10. 

1016/j. fertn stert. 2008. 04. 034. Epub 2008 Aug 3. PMID: 18675970; PMCID: 
PMC2745125.

 22. Malhotra N, Vignarajan CP, Dolkar D, Mahey R, Vanamail P. Follicular 
Flushing Versus Direct Aspiration at Oocyte Retrieval in Poor Responders 
Undergoing In vitro Fertilization: A Randomized Controlled Trial. J Hum 
Reprod Sci. 2020;13(2):150‑154. https:// doi. org/ 10. 4103/ jhrs. JHRS_ 59_ 19. 
Epub 2020 Jul 9. PMID: 32792765; PMCID: PMC7394092.

 23. Mok‑Lin E, Brauer AA, Schattman G, Zaninovic N, Rosenwaks Z, 
Spandorfer S. Follicular flushing and in vitro fertilization outcomes in 
the poorest responders: a randomized controlled trial. Hum Reprod. 
2013;28(11):2990–5. https:// doi. org/ 10. 1093/ humrep/ det350. (Epub 2013 
Sep 5 PMID: 24014603).

 24. Ronchetti C, Cirillo F, Immediata V, Gargasole C, Scolaro V, Morenghi E, 
Albani E, Patrizio P, Levi‑Setti PE. A Monocentric Randomized Controlled 
Clinical Trial to Compare Single‑ and Double‑Lumen Needles in Oocyte 
Retrieval Procedure in Assisted Reproductive Technologies. Reprod Sci. 
2023;30(9):2866–75. https:// doi. org/ 10. 1007/ s43032‑ 023‑ 01232‑w. (Epub 
2023 Apr 17 PMID: 37069472).

 25. Salman M, Ali A, Yehia A, Kolaib M, El‑Sheikh M. Effectof Follicular Flushing 
during Oocyte Retrievalon Clinical Outcomeof Assisted Reproductive 
Technology. The Egyptian Journal of Hospital Medicine. 2015;58(1):32–8. 
https:// doi. org/ 10. 12816/ 00093 58.

 26. Kohl Schwartz AS, Calzaferri I, Roumet M, Limacher A, Fink A, Wueest A, 
Weidlinger S, Mitter VR, Leeners B, Von Wolff M. Follicular flushing leads to 
higher oocyte yield in monofollicular IVF: a randomized controlled trial. 
Hum Reprod. 2020;35(10):2253–61. https:// doi. org/ 10. 1093/ humrep/ 
deaa1 65. (PMID:32856073;PMCID:PMC7518713).

 27. Scott RT, Hofmann GE, Muasher SJ, Acosta AA, Kreiner DK, Rosenwaks 
Z. A prospective randomized comparison of single‑ and double‑lumen 
needles for transvaginal follicular aspiration. J In Vitro Fert Embryo Transf. 
1989;6(2):98–100. https:// doi. org/ 10. 1007/ BF011 30734. (PMID: 2723511).

 28. Tan SL, Waterstone J, Wren M, Parsons J. A prospective randomized study 
comparing aspiration only with aspiration and flushing for transvaginal 
ultrasound‑directed oocyte recovery. Fertil Steril. 1992;58(2):356–60. 
https:// doi. org/ 10. 1016/ s0015‑ 0282(16) 55230‑3. (PMID: 1633902).

 29. von Horn K, Depenbusch M, Schultze‑Mosgau A, Griesinger G. Rand‑
omized, open trial comparing a modified double‑lumen needle follicular 
flushing system with a single‑lumen aspiration needle in IVF patients 
with poor n response. Hum Reprod. 2017;32(4):832–5. https:// doi. org/ 10. 
1093/ humrep/ dex019. (PMID: 28333185).

 30. Neumann K, Griesinger G. Does follicular flushing increase oocyte 
number in poor responders? An update of a systematic review. Reprod 
Biomed Online. 2023;46(2):289–94. https:// doi. org/ 10. 1016/j. rbmo. 2022. 
11. 011. (Epub 2022 Nov 22 PMID: 36566145).

 31. Georgiou EX, Melo P, Cheong YC, Granne IE. Follicular flushing during 
oocyte retrieval in assisted reproductive techniques. Cochrane Database 
Syst Rev. 2022;11(11):CD004634. https:// doi. org/ 10. 1002/ 14651 858. 
CD004 634. pub4. PMID: 36409927; PMCID: PMC9678381.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.fertnstert.2020.10.064
https://doi.org/10.1016/j.fertnstert.2020.10.064
https://doi.org/10.1016/j.ejogrb.2020.03.003
https://doi.org/10.1016/j.ejogrb.2020.03.003
https://doi.org/10.5935/1518-0557.20210009
https://doi.org/10.1007/BF01130737
https://doi.org/10.1007/BF01130737
https://doi.org/10.1016/j.fertnstert.2010.09.013
https://doi.org/10.1016/j.fertnstert.2010.09.013
https://doi.org/10.1111/1471-0528.14629
https://doi.org/10.1007/s00404-012-2424-1
https://doi.org/10.1007/s00404-012-2424-1
https://doi.org/10.1093/oxfordjournals.humrep.a137344
https://doi.org/10.1093/humrep/dead169
https://doi.org/10.1093/humrep/dead169
https://doi.org/10.1016/j.fertnstert.2008.04.034
https://doi.org/10.1016/j.fertnstert.2008.04.034
https://doi.org/10.4103/jhrs.JHRS_59_19
https://doi.org/10.1093/humrep/det350
https://doi.org/10.1007/s43032-023-01232-w
https://doi.org/10.12816/0009358
https://doi.org/10.1093/humrep/deaa165
https://doi.org/10.1093/humrep/deaa165
https://doi.org/10.1007/BF01130734
https://doi.org/10.1016/s0015-0282(16)55230-3
https://doi.org/10.1093/humrep/dex019
https://doi.org/10.1093/humrep/dex019
https://doi.org/10.1016/j.rbmo.2022.11.011
https://doi.org/10.1016/j.rbmo.2022.11.011
https://doi.org/10.1002/14651858.CD004634.pub4
https://doi.org/10.1002/14651858.CD004634.pub4

	A systematic review and meta-analysis of randomized controlled studies comparing follicular flushing versus aspiration during oocyte retrieval in IVF cycles
	Abstract 
	Objectives 
	Search strategy 
	Selection criteria 
	Data collection and analysis 
	Main results 
	Conclusion 
	Trial registration 

	Introduction
	Objective

	Methods
	Eligibility criteria, information sources, search strategy
	Study selection
	Statistical analysis

	Results
	Synthesis of results

	Discussion
	Strengths and limitations
	Comparison with existing reviews

	Conclusion
	Acknowledgements
	References


