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In recent years, intracytoplasmic sperm injection (ICSI) has become the main selected option in more than half of the assisted
reproductive technologies (ARTs) cycles conducted each year. Selecting the most competent sperm cells with highest fertilization
potential is crucial to improve clinical outcomes following ICSI procedure. Microfluidic (MF) chips have emerged as a new
alternative to conventional methods for selecting high-quality spermatozoa with minimal DNA fragmentation. However, due
to the lack of consensus about the effects of MF sperm selection on ICSI outcomes, in the present study, we systematically reviewed
and meta-analyzed the impact of MF on fertilization rate (FR), embryo quality (EQ), euploidy rate (ER), pregnancy rate (PR), and
live birth rate (LBR) following ART procedures. A systematic comprehensive literature search of the PubMed, Scopus, and Web of
Science databases was conducted to determine the impact of MF on fertility outcomes compared to conventional methods. Meta-
analysis using random effects model was used to estimate pooled odds ratios (ORs) and weighted mean differences (WMDs) for
various ART outcome measures. The search identified 1714 records, of which 21 articles were included in the review. MF
significantly increased the rate of fertilization (OR=1.04; 95% CI: 1.00-1.07; and WMD =7.24, 95% CI: 6.93, 7.91) and EQ
(OR =1.44; 95% CI: 1.30-1.60), while nonsignificantly increasing the ER (OR =1.20; 95% CI: 0.92-1.58), PR (OR =1.09; 95% CI:
0.94-1.25), and LBR (OR =1.27; 95% CI: 0.99-1.62). Moreover, subgroup analyses revealed that MF chips resulted in significantly
higher FR and improved EQ in unexplained infertile and higher PR in male factor infertility patients. These results indicate that
couples with a history of male factor or unexplained infertility may benefit from MF-based sperm selection.
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genital tract obstruction, and testicular failure [2]. Progress in
the field of assisted reproductive technologies (ARTSs) provide
the opportunity to many of infertile men to have their own

1. Introduction

Recent statistics showed that almost one in six people have

experienced infertility during reproductive age, globally [1].
Male factors alone account for 20%—50% of all infertility cases
and comprise a wide range of causes including varicocele, hor-
monal defects, genetic disorders, immunological conditions,

biological child [3]. Intracytoplasmic sperm injection (ICSI) is
most commonly used in the ART labs due to its higher fertiliza-
tion rate (FR) and higher number of early cleaving embryos [4].
In this method due to bypassing all in vivo barriers of the female
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reproductive tract especially cervical mucus, cumulus cells, and
zona pellucida, more careful selection of spermatozoa is required
[5]. Selecting the most competent sperm cells with highest fer-
tilization potential is crucial to improve clinical outcomes follow-
ing ICSI procedure [6].

Until now, several sperm selection techniques such as
swim up (SU) [7], density gradient centrifugation (DGC)
[8], hyaluronic acid binding [9], magnetic activated cell sort-
ing (MACS) [10], motile sperm organelle morphology exam-
ination (MSOME) [11], and zeta potential [12] have been
employed in ICSI cycles. Among currently available techni-
ques, SU and DGC are a routine part of ART workflows in
most infertility treatment cycles [13]. While, longer duration
of sperm processing along with centrifugation are major
drawbacks of these methods [14]. Moreover, increases in reac-
tive oxygen species (ROS) and DNA fragmentation have been
reported following SU and DGC methods [6, 15].

Recently, microfluidic (MF) devices have been attracting
great attention for separating highly motile and morphologically
normal spermatozoa from the raw semen without centrifugation
[16]. Based on sperm characteristics such as self-motility [17],
boundary following [18], rheotaxis [19], chemotaxis, and ther-
motaxis [20], a vast variety of MF devices have been developed.
In the growing body of the literature, efficacy of MF chips in
selection of high quality spermatozoa with minimum DNA frag-
mentation has been confirmed compared with SU and DGC
[21-24]. However, there is a little information about the clinical
outcomes of sperm selection via MF chips and its comparison
with routine sperm selection approaches. A recent systematic
review and meta-analysis included 13 articles, four of which
were not in full text [25]. Therefore, in this study, we aimed
to systematically review and meta-analyze all published liter-
ature regarding the effects of sperm selection via MF devices
and conventional methods on clinical outcomes following
ICSI procedure.

2. Methods

This systematic review was conducted in accordance with the
guidelines of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA). A protocol for this
review study was registered in the International Prospective Reg-
ister of Systematic Reviews (PROSPERO, ID CRD42024549798).

2.1. Search Strategy. The data for this review were compiled
by searching the PubMed, Scopus, and Web of Science data-
bases. The search was conducted until 15 September 2024
with no limitation on the date of publication. The review
question was framed using the PICO (population, interven-
tion, control, and outcomes) statements as follows: P: infer-
tile couples underwent ICSI cycles; I: sperm selection by MF;
C: sperm selection by conventional methods (SU and DGC);
O: FR, embryo quality (EQ), euploidy rate (ER), pregnancy
rate (PR), and live birth rate (LBR). Every combination of
free and MeSH terms with “AND” and “OR” operators was
used for searching. The keywords were “microfluidic,” “micro-
chip,” “Lab-On-A-Chip,” “spermatozoa,” “sperm,” “semen,” and
“male gamete.” The Endnote software was utilized to manage the
references and duplicate references were removed.
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2.2. Inclusion/Exclusion Criteria. The inclusion criteria for the
study selection comprised: (a) papers published in English; (b)
original and full papers; (c) assessments conducted on human
subjects; (d) comparative analyses involving MF chips and
conventional sperm selection methods (SU and DGC); (e)
study using ICSI. Moreover, the papers with following charac-
teristics were excluded: (a) commentary, abstracts, and theses;
(b) diagnostic assessments; (c) studies without ART outcomes;
(d) patent application; (e) researches with the primary objective
to evaluating sperm quality parameters.

2.3. Data Extraction. Two review authors (Tohid Rezaei
Topraggaleh and Ehsan Dadkhah) independently extracted
the data using predefined criteria. A comparison was made
between the data extracted by the reviewers and discrepancies
will be resolved by a third party (Amir Fattahi). The extracted
data include: authors, year of publication, location of the
study, type of the study, target population, types of the MF
chip, type of the conventional sperm selection technique,
number of the participants, FR, EQ, ER, PR, and LBR. Studies
that lacked clear or extractable raw data were consequently
excluded.

2.4. Quality and the Risk of Bias Assessment. Through the
Cochrane risk-of-bias instrument [26], it was determined
that the quality of the included articles was high. This tool
encompassed the following items: generation of the alloca-
tion sequence, concealment of the allocation sequence, blind-
ing, attrition and exclusions, other generic sources of bias,
biases specific to the trial design, and biases that may be
specific to a clinical specialty. The study was categorized as
“good” if it was low risk in at least three items, “fair” if it was
low risk in two items, and “weak” if it was low risk for no or
only one item. Table 1 shows the results of the quality and
risk of bias assessment.

2.5. Statistical Analysis. Data analyzed using STATA version 14
(StataCorp, College Station, TX, USA). We calculated odds ratios
(ORs) using absolute numbers to estimate pooled ORs including
FR, EQ, ER, PR, and LBR. Random effects model was used to
estimate pooled ORs. Subgroup analyses were done by the study
populations (unexplained infertility, ART failure, unselected
patients, male factor infertility, and low fertilization). P was
used to assess between studies heterogeneity [46, 47].

3. Results

3.1. Study Selection and Characteristics. In the initial search,
1714 papers were identified including PubMed (405), Scopus
(642), Web of Science (632), and other sources (35). Among
the identified papers 779 were excluded due to duplication.
After screening the title and abstract of the studies, 819
papers were also excluded. 116 articles were assessed for
eligibility. After reading full text manuscripts, 21 articles
were included in the review considering inclusion/exclusion
criteria. The search procedure is illustrated as a flowchart in
Figure 1 and characteristics of all included studies are pre-
sented in Table 2.
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FiGURe 1: PRISMA flowchart of literature review and study selection.

3.2. Meta-Analysis and Subgroup Meta-Analysis

3.2.1. FR. A random-effects model was used to evaluate FR
following sperm selection via MF and conventional methods. A
forest plot was carried out to estimate the pooled analysis of the
included studies (Figure 2). The meta-analysis of the pooled
OR indicated that MF sperm selection significantly increased
the FR compared to conventional sperm selection methods
(OR=1.04; 95% CI: 1.00-1.07, p = 0.206, I = 30.6%).
Regarding the mean value of the FR, MF sperm selection
significantly improved the FR than conventional methods

(weighted mean difference (WMD) =7.24, 95% CI: 6.93, 7.91;
p <0.001, I*=95.3%; Figure 3). Moreover, mean value of FR
was significantly improved in MF chips compared to conven-
tional methods in unexplained infertile and patients with history
of lower fertilization, respectively (WMD =5.98, 95% CI: 5.36,
6.61; p=0.037, I*=69.6%; WMD = 10.40, 95% CI: 9.60, 11.20;
p=10.004, > =88.2%). Regarding microchip type, FR favored
the ZyMot multi over DGC sperm selection technique (OR =
1.05; 95% CL 1.00-1.11, p=0.087, I’=59.1%; Supporting
Information 1: Figure S1). However, there were no significant
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Fertilization rate

Study ID OR(95% CI)  Weight %

T

Unexplained infertilty |

Yildiz et al. [28] ——‘—%— 1.02 (0.98, 1.07) 29.03

Anbari et al. [30] — 1.01 (0.93, 1.09) 13.39

Subtotal (P =0.0%, p = 0.814) > 1.02 (0.98, 1.06) 4243
|

. |
|

Unselected |

Leisinger et al. [32] — 1.01 (0.95, 1.06) 22.42
|

Subtotal (2= .%,p=".) == 1.01(0.95,1.06)  22.42

Male infertility

Lara-Cerrillo et al. [39]
Subtotal (I? = 6, p=")

Low fertilization
Kocur et al. [38]

Subtotal (I? = Y%, p=".)

ART failure

= 1.10 (0.93, 1.29) 3.99

<1,‘i> 1.10 (0.93, 1.29) 3.99

1.11 (1.04, 1.17) 20.47
1.11 (1.04, 1.17) 20.47

Banti et al. [44]
Subtotal (I? = Y%, p=".)

Overall (I =30.6%, p = 0.206)

NOTE: Weights are from random effects analysis
T

1.03 (0.94, 1.13) 10.70
1.03 (0.94, 1.13) 10.70

1.04 (1.00, 1.07) 100.00

777 1
SU or DGC

1.29
MF

FIGURE 2: Meta-analysis of the fertilization rate by various target groups including unexplained, unselected, male factor, low fertilization, and

ART failure.

differences in FR between ZyMot and DGC sperm selection
methods (Supporting Information 2: Figure S2).

3.2.2. EQ. Out of the included studies, 10 papers reported the EQ
following sperm selection with MF and conventional methods. In
five out of these 10 papers, the number of high quality embryos
was expressed per MII oocyte. The pooled estimate showed that
MF approach significantly yielded more high quality embryos
than conventional sperm selection methods (OR =1.44, 95% CI:
1.30, 1.60; p = 0.045, I’ =59.0%). In subgroup analysis EQ was
significantly improved in MF sperm selection group compared to
SU or DGC in unexplained (OR=1.32, 95% CI: 1.19, 1.48; p =
0.088, I> = 65.7%) and male factor (OR = 1.68,95% CI: 1.20, 2.34;
p=0.149, P =51.9%) infertile patients (Figure 4).

3.2.3. ER. ER was displayed in five of included studies. In three
of these studies, ER was measured per biopsied embryos.
Random-effect model showed that the ER was not statistically
significant between MF and conventional sperm selection
methods (OR=1.20, 95% CI: 0.92, 1.58; p <0.001, P=
87.1%). Moreover, in subgroup analysis, due to limited num-
ber of studies, there were no significant differences between
both sperm selection methods regarding causes of infertility
(Figure 5).

3.2.4. PR. Fourteen studies reported PRs following sperm
selection by MF and conventional techniques. A random-

effect model analysis showed that the overall PR was not
significantly affected by the sperm selection methods (OR =
1.09, 95% CI: 0.94, 1.25; p=0.010, I>="53.2%; Figure 6).
However, rate of the pregnancy was significantly improved
in MF chips than conventional techniques in the couples
with male factor infertility (OR=1.45, 95% CI: 1.04, 2.02;
p=0.240, I’ =29.9%). There were no significant differences
in PR between MF and conventional sperm selection meth-
ods based on history of infertility including unexplained, low
fertilization, and ART failure. Moreover there were no sig-
nificant differences in PR following sperm selection with
ZyMot and ZyMot Multi chips with either SU or DGC selec-
tion methods (Supporting Information 3: Figure S3, Support-
ing Information 4: Figure S4, and Supporting Information 5:
Figure S5).

3.2.5. LBR. A comprehensive analysis of eight papers assessed
LBRs following sperm selection using MF and conventional
techniques. The overall estimate did not favor either of MF
and conventional sperm selection methods (OR=1.27, 95%
CI: 0.99, 1.62; p = 0.059, I” = 48.6%; Figure 7). Subgroup anal-
ysis of samples based on causes of infertility indicated that MF
sperm selection methods represented no significant effects on
LBRs compared to conventional methods. Moreover, analysis
based on the type of MF chips demonstrated no significant
differences between MF and conventional methods in terms
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Mean value of fertilization rate

Study ID WMD (95% CI)  Weight %
T

Unexplained infertilty }

Yetkinel et al. [27] — 6.22 (-1.07,13.51) 0.45

Zaha et al. [42] — : 0.34 (-4.02, 4.70) 1.25

Godiwala et al. [43] - 6.10 (5.47, 6.73) 59.16

Subtotal (I* = 69.6%, p = 0.037) O 5.98 (5.36, 6.61) 60.85
l

Unselected i

Quinn et al. [15] — ! -4.20 (-7.91, -0.49) 1.72

Subtotal (=%, p=.) - — 3 -4.20 (-7.91, -0.49) 1.72
l

Male infertility |

Aydmn et al. [36] * : 2.96 (-3.88,9.80) 0.51

Subtotal (2 =.%,p=.) e 2.96 (-3.88, 9.80) 051
l

Low fertilization i

Godiwala et al. [34] P 10.60 (9.79, 11.41) 35.90

Escudé-Logares et al. [45] —‘—%— 3.30 (~1.55, 8.15) 1.01

Subtotal (I = 88.2%, p = 0.004) RS 10.40 (9.60, 11.20) 36.91
l

Heterogeneity between groups: p = 0.000 i

Overall (2 =95.3%, p = 0.000) Q 7.42 (6.93,7.91) 100.00
|

T : T
-13.5 13.5
SU or DGC MF

FIGURE 3: Meta-analysis of mean value of the fertilization rate by various target groups including unexplained, unselected, male factor, and low

fertilization.

of LBR (Supporting Information 6: Figure S6 and Supporting
Information 7: Figure S7).

4. Discussion

MF-based sperm selection provides rapid isolation of poor
semen samples with low morphological abnormality, improved
motility, and DNA integrity [33]. The basic idea of sperm
selection by MF system is to closely imitate natural sperm
selection of female reproductive tract [40]. This technique
has begun to be commonly applied in ART program. However,
laboratory outcomes of sperm selection using MFs are poorly
documented.

In this paper, we systematically reviewed and meta-
analyzed the effects of sperm selection methods including
MF and conventional techniques on embryological outcomes
in patients undergoing ICSI procedure. The MF sperm selec-
tion devices demonstrated significantly higher FR and mean
value of fertilization compared to conventional selection
methods. Indeed, FR can be affected by several factors such
as sperm parameters, oocyte quality, culture condition, ICSI
technique, and operator [48]. From male viewpoint, improve-
ments in FR are closely associated with sperm quality [31]. In
addition to paternal DNA, sperm also deliver oocyte activation
factors and centriole into the oocyte which are essential for
fertilization and early embryonic development [49]. Sperm
progressive motility and DNA integrity are recognized in the

literature as more robust predictors of ART outcomes [50, 51].
The ability to isolate sperm with increased progressive motility
and decreased DNA fragmentation is a key advantage of MF
chips over conventional selection methods [33]. The higher FR
observed after MF-based sperm selection is likely due to lower
DNA fragmentation and increased progressive motility of sper-
matozoa compared to conventional methods. Furthermore,
subgroup analysis demonstrated that MF chips significantly
increased FR compared to conventional methods in couples
with a history of low fertilization and unexplained infertility.
This observation is supported by Mirsanei et al.s [37] data
which showed a significant increase in PLCZ1 gene expression
after MF sperm selection compared to density gradient.
According to results of EQ, overall meta-analysis showed
that MF selection method yielded significantly higher num-
ber of high-grade embryos compared to SU or DGC. More-
over, in subgroup analysis, we found that MF chips resulted
in a significantly higher number of good-quality embryos
compared to conventional methods in unexplained and
male factor infertile couples. The success in obtaining
excellent-quality embryos following MF based sperm selec-
tion could be attributed to lower exposure of the sperm cells
to oxidant factors [40]. In conventional sperm selection
methods, the shearing forces induced on sperm cells during
centrifugation and prolonged processing time cause an
excessive production of ROS [52]. Preparation techniques
involving centrifugation are associated with a sudden burst
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Embryo quality
Study ID OR (95% CI) Weight %
T
Unexplained infertilty i
Anbari et al. [30] —— 1.42 (1.25, 1.61) 50.09
Ovzaltin et al. [40] ——o—i 1.14(0.92, 1.42) 25.08
Subtotal (12 = 65.7%, p = 0.088) <} 1.32 (1.19, 1.48) 75.17
|
|
I
Male infertility !
Guler et al. [33] —o‘— 1.41 (0.99, 2.01) 10.40
Lara-Cerrillo et al. [39] 3 * 2.58 (1.18, 5.64) 3.06
Subtotal (P =51.9%, p = 0.149) @ 1.68 (1.20, 2.34) 13.46
I
|
Low fertilization i
Mirsanei et al. [37] ——— 1.95 (1.38, 2.75) 11.37
I
Subtotal (=%, p=") < 1.95 (138, 2.75) 11.37
I
|
I
Overall (I =59.0%, p = 0.045) <> 1.44 (1.30, 1.60) 100.00
I
I
I
|
T T

177
SU or DGC

5.64
MF

Euploidy rate
Study ID OR (95% CI) Weight %
T
Unselected i
Leisinger et al. [32] | 1.02 (0.89, 1.18) 34.92
I
Subtotal (=%, p=") | 1.02 (0.89, 1.18) 34.92
l
|
I
Male infertility |
|
Keskin et al. [35] ™ 1.05 (0.91, 1.21) 3491
Subtotal (2 =.%,p=.) : 1.05 (0.91, 1.21) 3491
|
l
Low fertilization \
!
Kocur et al. [38] I —) 1.70 (1.35, 2.14) 30.18
|
Subtotal (=%, p=.) > 170(135,2.18) 30.18
!
l
Overall (I = 87.1%, p = 0.000) @ 1.20 (0.92, 1.58) 100.00
!
NOTE: Weights are from random effects analysis 3
T T

SU or DGC

467 1 214

MF

FIGURE 4: Meta-analysis of embryo quality by various target groups including unexplained, male factor, and low fertilization.

FIGURE 5: Meta-analysis of euploidy rate by various target groups including unselected, male factor, and low fertilization.

of ROS production and impaired DNA integrity [52]. In the
growing body of the literature, a strong relationship between
paternal DNA integrity and EQ has been reported [53-56].
Therefore, increasing EQ following ICSI with MF selected

spermatozoa could be attributed to decreased sperm ROS
and improved DNA integrity.

In addition to FR and EQ, ER is also a crucial determinant
of ART success [57]. Although ERs of biopsied embryos
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Pregnancy rate

Study ID OR (95% CI) Weight %
T

Unexplained infertilty [

Yetkinel et al. [27] — 1.12 (0.75, 1.65) 7.33

Yildiz et al. [28] — 1.06 (0.84, 1.34) 11.35

Anbari et al. [30] — 1.94 (0.99, 3.80) 3.53

Ozaltin et al. [40] — 1.04 (0.77, 1.41) 9.48

Godiwala et al. [43] — 0.97 (0.77, 1.22) 11.59

Subtotal (P =0.3%, p = 0.404) T 1.06 (0.92,1.21) 4327

. |

Unselected :

Kalyan et al. [29] — 0.96 (0.54, 1.70) 4.49

Leisinger et al. [32] — 0.74 (0.53, 1.04) 8.59

Quinn et al. [15] —— 0.94 (0.76, 1.16) 12.14

Subtotal (I = 0.0%, p = 0.499) < 0.89 (0.75, 1.05) 25.22
|

. 1

Male infertility ‘

Ozcan et al. [31] — 1.24 (0.89, 1.72) 8.82

Aydin et al. [36] N B 1.57 (1.06, 2.32) 7.34

Lara-Cerrillo et al. [39] | *> 3.76 (0.94, 15.13) 0.99

Subtotal (I? = 29.9%, p = 0.240) <> 1.45 (1.04, 2.02) 17.16
|

. |

Low fertilization \

Kocur et al. [38] | * 6.14 (1.63,23.14) 1.08

Subtotal (2 =.%,p =) | ——— T 6.14(1.63,23.14) 1.08
|

. |

ART failure :

Srinivas et al. [16] —— 0.94 (0.78, 1.14) 12.86

Budak et al. [41] > 3.11(0.34, 28.12) 0.41

Subtotal (2 = 12.4%, p = 0.285) <> 1.02 (0.56, 1.85) 13.27

. |

Overall (12 =53.2%, p = 0.010) ¢ 1.09 (0.94, 1.25) 100.00

NOTE: Weights are from random effects analysis :

T T
.0356 1 28.1
SU or DGC MF

FIGURE 6: Meta-analysis of pregnancy rate by various target groups including unexplained, unselected, male factor, low fertilization, and ART

failure.

tended to be higher with MF-selected sperm, no statistically
significant differences were observed between MF and con-
ventional methods. While female factors play a significant
role, male parameters, including sperm quality and DNA
integrity, contribute minimally to the incidence of embryo
aneuploidy [58—60]. It is well established that the molecular
mechanisms responsible for DNA repair exist within the
mature oocyte and these mechanisms restore DNA integrity
that may be present due to damaged spermatozoa [32, 61, 62].
Therefore, it can be assumed that oocyte repair mechanisms
appear adequate to counteract DNA damage and prevent
embryo aneuploidy following conventional sperm selection
techniques [32]. Moreover, to potentially obtain more defini-
tive results concerning ER, a broader dataset is needed.
Furthermore, we did not find significant differences in
pregnancy and LBRs following sperm selection using MF
and conventional sperm selection techniques. While in sub-
group analysis, PR were significantly higher in male factor
couples compared with conventional methods. Pregnancy
and live birth are complex processes influenced by numerous
variables. The role of male factors in pregnancy and LBRs is
not negligible [63]. However, female parameters, including

age, number of transferred embryos, uterine receptivity, hor-
monal balance, and lifestyle, significantly influence these out-
comes [64—66]. While MF sperm selection methods may
improve certain sperm parameters such as DNA integrity
and progressive motility current assessment methods might
not fully capture all relevant aspects of sperm quality.
Based on the shortcomings identified in the current body of
literature, we suggest some directions for future research. First, in
all of the published papers self-motility—based MF chips such as
ZyMot, ZyMot Multi, and Qualis were compared with conven-
tional selection methods. However, other characteristics of
mature spermatozoa including, rheotaxis, chemotaxis, thermo-
taxis, and boundary following were not considered. Improve-
ment of DNA integrity in sperm selection based on rheotaxis
and boundary following have been reported previously [18, 21,
67, 68]. Thus, evaluation of ART outcomes following sperm
selection based on rheotaxis and boundary following properties
of sperm is recommended in future works. Second, based on the
results of subgroup analysis, MF sperm selection did not dem-
onstrate an advantage over conventional methods in unselected
infertile patients. However, couples with male factor or unex-
plained infertility may benefit from MF sperm selection,
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Live birth rate

Study ID OR(95% CI)  Weight %
Unexplained infertilty |

Yetkinel et al. [27] — 1.10 (0.68, 1.76) 14.57
Ozaltin et al. [40] —— 1.00 (0.69, 1.45) 18.27
Godiwala et al. [43] - 1.13 (0.85, 1.51) 21.85
Subtotal (I =0.0%, p = 0.864) } 1.09 (0.88, 1.33) 54.68

- |

Unselected |

Kalyan et al. [29] —— 1.13 (0.51, 2.52) 7.28
Subtotal (2=.%,p=".) < 1.13 (0.51,2.52) 7.28

: :

Male infertility ‘

Keskin et al. [35] - 1.28 (0.98, 1.67) 22.77
Aydin et al. [36] —— 1.87 (1.13, 3.09) 13.70
Lara-Cerrillo et al. [39] ; * 12.28 (0.75, 201.71) 0.76
Subtotal (I? = 54.2%, p = 0.113) <> 1.60 (0.97, 2.63) 37.24

Low fertilization

Kocur et al. [38]
Subtotal (I? = Y,p=".)

Overall (I = 48.6%, p = 0.059) Q

NOTE: Weights are from random effects analysis

* 24.90 (1.60, 387.77) 0.79
24.90 (1.60, 387.77) 0.79

1.27 (0.99, 1.62) 100.00

T
.00258 1
SU or DGC

T
388
MEF

FIGURE 7: Meta-analysis of live birth rate by various target groups including unexplained, unselected, male factor, and low fertilization.

potentially due to improved FRs, EQ, and PRs. Therefore, appro-
priate patient selection is critical for ART success before utilizing
any sperm processing technique. Finally, while the single center
design of all the studies may have been advantageous with
respect to adherence to study protocols, further multicenter ran-
domized clinical trial may result greater generalizability of the
findings, and thus, may provide a more accurate depiction “real
world” application of MF sperm selection technique.

5. Conclusion

Based on current literature, we conclude that MF sperm
selection resulted in a higher FR and improved EQ compared
to conventional methods. While, overall ER, PR, and LBR
were not affected by the sperm selection methods, PR was
significantly higher in MF chips compared to SU or DGC in
couples with a history of male factor infertility. Furthermore,
subgroup analyses revealed that MF chips resulted in higher
FR and improved EQ in both unexplained and male factor
infertility patients. These findings suggest that couples with a
history of male factor or unexplained infertility may benefit
from MF-based sperm selection.
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nancy rate using ZyMot and DGC.

Supporting Information 5. Figure S5: Meta-analysis of preg-
nancy rate using ZyMot Multi and DGC.

Supporting Information 6. Figure S6: Meta-analysis of live
birth rate using ZyMot and Swim up.

Supporting Information 7. Figure S7: Meta-analysis of live
birth rate using ZyMot Multi and DGC.

References

[1] Y. Liang, J. Huang, Q. Zhao, et al., “Global, Regional, and
National Prevalence and Trends of Infertility Among Individuals
of Reproductive Age (1549 Years) From 1990 to 2021, With
Projections to 2040,” Human Reproduction 40, no. 3: 529-544.

[2] S. C. Esteves, R. Miyaoka, and A. Agarwal, “An Update on the
Clinical Assessment of the Infertile Male,” Clinics 66, no. 4
(2011): 691-700.

[3] K. Omurtag, A. Cooper, A. Bullock, et al., “Sperm Recovery
and IVF After Testicular Sperm Extraction (TESE): Effect of
Male Diagnosis and Use of Off-Site Surgical Centers on Sperm
Recovery and IVFE,” PLoS One 8, no. 7 (2013): e69838.

[4] M. H. Nasr-Esfahani, M. R. Deemeh, and M. Tavalaee, “New
Era in Sperm Selection for ICSL,” International Journal of
Andrology 35, no. 4 (2012): 475-484.

[5] R. Henkel, “Sperm Preparation: State-of-the-Art—Physiologi-
cal Aspects and Application of Advanced Sperm Preparation
Methods,” Asian Journal of Andrology 14, no. 2 (2011): 260—
269.

[6] D. Baldini, D. Ferri, G. M. Baldini, et al., “Sperm Selection for
ICSI: Do We Have a Winner?” Cells 10, no. 12 (2021): 3566.

[7] M. Muratori, N. Tarozzi, F. Carpentiero, et al., “Sperm Selection

With Density Gradient Centrifugation and Swim up: Effect on

DNA Fragmentation in Viable Spermatozoa,” Scientific Reports

9, no. 1 (2019): 1-12.

D. Sakkas, G. C. Manicardi, M. Tomlinson, et al., “The Use of

Two Density Gradient Centrifugation Techniques and the

Swim-up Method to Separate Spermatozoa With Chromatin

and Nuclear DNA Anomalies,” Human Reproduction 15, no. 5

(2000): 1112-1116.

D. Miller, S. Pavitt, V. Sharma, et al,, “Physiological, Hyaluronan-

Selected Intracytoplasmic Sperm Injection for Infertility

Treatment (HABSelect): A Parallel, Two-Group, Randomised

Trial,” The Lancet 393, no. 10170 (2019): 416-422.

[10] N. Ziarati, M. Tavalaee, M. Bahadorani, and M. H. N. Esfahani,
“Clinical Outcomes of Magnetic Activated Sperm Sorting in
Infertile Men Candidate for ICSI,” Human Fertility 22, no. 2
(2019): 118-125.

(8

—_

(9

—

11

[11] J. Gosalvez, B. Migueles, C. Lopez-Fernidndez, F. Sanchéz-
Martin, and P. Sachez-Martin, “Single Sperm Selection and
DNA Fragmentation Analysis: The Case of MSOME/IMSIL,”
Natural Science 5, no. 7 (2013): 7-14.

[12] A.Zahedi, M. Tavalaee, M. R. Deemeh, L. Azadi, M. Fazilati, and
M. H. Nasr-Esfahani, “Zeta Potential Vs Apoptotic Marker:
Which Is More Suitable for ICSI Sperm Selection?” Journal of
Assisted Reproduction and Genetics 30, no. 9 (2013): 1181-1186.

[13] X. Xue, W.-S. Wang, J.-Z. Shi, et al., “Efficacy of Swim-up
Versus Density Gradient Centrifugation in Improving Sperm
Deformity Rate and DNA Fragmentation Index in Semen
Samples From Teratozoospermic Patients,” Journal of Assisted
Reproduction and Genetics 31, no. 9 (2014): 1161-1166.

[14] A. R. Jahangiri, N. Ziarati, E. Dadkhah, et al., “Microfluidics:
The Future of Sperm Selection in Assisted Reproduction,”
Andrology 12, no. 6 (2024): 1236-1252.

[15] M. M. Quinn, S. Ribeiro, F. Juarez-Hernandez, et al,
“Microfluidic Preparation of Spermatozoa for ICSI Produces
Similar Embryo Quality to Density-Gradient Centrifugation:
A Pragmatic, Randomized Controlled Trial,” Human
Reproduction 37, no. 7 (2022): 1406-1413.

[16] S. Srinivas, S. Donthi, A. D. Mettler, A. D. Tolani, and
M. Deenadayal, “Does Choosing Microfluidics for Sperm
Sorting Offer an Advantage to Improve Clinical Pregnancies in
Donor Egg Recipients?” Journal of Human Reproductive
Sciences 15, no. 2 (2022): 143-149.

[17] T. G. Schuster, B. Cho, L. M. Keller, S. Takayama, and
G. D. Smith, “Isolation of Motile Spermatozoa From Semen
Samples Using Microfluidics,” Reproductive BioMedicine Online
7, no. 1 (2003): 75-81.

[18] L. Eamer, M. Vollmer, R. Nosrati, et al., “Turning the Corner
in Fertility: High DNA Integrity of Boundary-Following
Sperm,” Lab on a Chip 16, no. 13 (2016): 2418-2422.

[19] I. R. Sarbandi, A. Lesani, M. M. Zand, and R. Nosrati,
“Rheotaxis-Based Sperm Separation Using a Biomimicry
Microfluidic Device,” Scientific Reports 11, no. 1 (2021): 18327.

[20] M. R. Doostabadi, E. Mangoli, L.D. Marvast, et al,
“Microfluidic Devices Employing Chemo-and Thermotaxis
for Sperm Selection Can Improve Sperm Parameters and
Function in Patients With High DNA Fragmentation,”
Andrologia 54, no. 11 (2022): e14623.

[21] E. Dadkhah, M. A. Hajari, S. Abdorahimzadeh, et al,
“Development of a Novel Cervix-Inspired Tortuous Micro-
fluidic System for Efficient, High-Quality Sperm Selection,”
Lab on a Chip 23, no. 13 (2023): 3080-3091.

[22] K. Kishi, H. Ogata, S. Ogata, et al., “Frequency of Sperm DNA
Fragmentation According to Selection Method: Comparison
and Relevance of a Microfluidic Device and a Swim-up
Procedure,” Journal of Clinical and Diagnostic Research: JCDR
9, no. 11 (2015): QC14-QCl16.

[23] K. Shirota, F. Yotsumoto, H. Itoh, et al., “Separation Efficiency
of a Microfluidic Sperm Sorter to Minimize Sperm DNA
Damage,” Fertility and Sterility 105, no. 2 (2016): 315-321.el.

[24] S. A. Vasilescu, L. Ding, F.Y. Parast, R. Nosrati, and
M. E. Warkiani, “Sperm Quality Metrics Were Improved by a
Biomimetic Microfluidic Selection Platform Compared to
Swim-up Methods,” Microsystems & Nanoengineering 9, no. 1
(2023): 37.

[25] J. F. Aderaldo, K. da Silva Maranhdo, and D. C. F. Lanza,
“Does Microfluidic Sperm  Selection Improve Clinical
Pregnancy and Miscarriage Outcomes in Assisted Reproduc-
tive Treatments? A Systematic Review and Meta-Analysis,”
PLoS One 18, no. 11 (2023): €0292891.

95U017 SUOWLLIOD dAIEa.D) 9|deal|dde au Aq pausenob ae sojoile YO ‘88N JO S9N 10} Akeid 17 8UlUQ A8]1M UO (SUONIPUOD-PUE-SWLIB LD A8 | 1M Alelg 1 BulUO//SdNY) SUOTIPUOD pUe SWs 1 8y} 88S *[5Z0z/50/60] Uo Ariqiqauliuo A8jim ‘(-ouleAndeT) aqnopesy Ag £990TZ6/PUe/SSTT OT/I0p/Ww0d Ao im Aselgijpuluo//sdny wolj pepeojumod ‘T ‘SZ0Z ‘pue


https://doi.org/10.1155/and/9210663
https://doi.org/10.1155/and/9210663
https://doi.org/10.1155/and/9210663
https://doi.org/10.1155/and/9210663
https://doi.org/10.1155/and/9210663
https://doi.org/10.1155/and/9210663
https://doi.org/10.1155/and/9210663

12

[26] J. P. Higgins, D. G. Altman, P. C. Ggtzsche, et al., “The
Cochrane Collaboration’s Tool for Assessing Risk of Bias in
Randomised Trials,” BMJ 343 (2011): d5928.

[27] S. Yetkinel, E. B. Kilicdag, P. C. Aytac, B. Haydardedeoglu,
E. Simsek, and T. Cok, “Effects of the Microfluidic Chip
Technique in Sperm Selection for Intracytoplasmic Sperm
Injection for Unexplained Infertility: A Prospective, Random-
ized Controlled Trial,” Journal of Assisted Reproduction and
Genetics 36, no. 3 (2019): 403-409.

[28] K. Yildiz and S. Yuksel, “Use of Microfluidic Sperm Extraction
Chips as an Alternative Method in Patients With Recurrent in
Vitro Fertilisation Failure,” Journal of Assisted Reproduction
and Genetics 36, no. 7 (2019): 1423-1429.

[29] E. Y. Kalyan, S. C. Celik, O. Okan, G. Akdeniz, S. Karabulut,
and E. Caliskan, “Does a Microfluidic Chip for Sperm Sorting
Have a Positive Add-on Effect on Laboratory and Clinical
Outcomes of Intracytoplasmic Sperm Injection Cycles? A
Sibling Oocyte Study,” Andrologia 51, no. 10 (2019): e13403.

[30] F. Anbari, M. A. Khalili, A. M. S. Ahamed, et al., “Microfluidic
Sperm Selection Yields Higher Sperm Quality Compared to
Conventional Method in ICSI Program: A Pilot Study,” Systems
Biology in Reproductive Medicine 67, no. 2 (2021): 137-143.

[31] P. Ozcan, T. Takmaz, M. G. K. Yazici, et al., “Does the Use of
Microfluidic Sperm Sorting for the Sperm Selection Improve in
Vitro Fertilization Success Rates in Male Factor Infertility?” Journal
of Obstetrics and Gynaecology Research 47, no. 1 (2021): 382-388.

[32] C. A. Leisinger, G. Adaniya, M. R. Freeman, et al., “Effect of
Microfluidic Sperm Separation Vs. Standard Sperm Washing
Processes on Laboratory Outcomes and Clinical Pregnancy
Rates in an Unselected Patient Population,” Reproductive
Medicine 2, no. 3 (2021): 125-130.

[33] C. Guler, S. Melil, U. Ozekici, Y. D. Cakil, B. Selam, and
M. Cincik, “Sperm Selection and Embryo Development: A
Comparison of the Density Gradient Centrifugation and
Microfluidic Chip Sperm Preparation Methods in Patients
With Astheno-Teratozoospermia,” Life 11, no. 9 (2021): 933.

[34] P. Godiwala, E. Almanza, J. Kwieraga, et al, “Embryologic
Outcomes Among Patients Using a Microfluidics Chip
Compared to Density Gradient Centrifugation to Process
Sperm: A Paired Analysis,” Journal of Assisted Reproduction
and Genetics 39, no. 7 (2022): 1523-1529.

[35] M. Keskin, E. G. Pabugcu, T. Arslanca, O. D. Demirkiran, and
R. Pabuccu, “Does Microfluidic Sperm Sorting Affect Embryo
Euploidy Rates in Couples With High Sperm DNA Fragmenta-
tion?” Reproductive Sciences 29, no. 6 (2022): 1801-1808.

[36] S. Aydin, E. B. Kiligdag, P.C. Aytag, T. Cok, E. Simsek, and
B. Haydardedeoglu, “Prospective Randomized Controlled
Study of a Microfluidic Chip Technology for Sperm Selection in
Male Infertility Patients,” Andrologia 54, no. 6 (2022): e14415.

[37] J. S. Mirsanei, N. Sheibak, Z. Zandieh, et al., “Microfluidic
Chips as a Method for Sperm Selection Improve Fertilization
Rate in Couples With Fertilization Failure,” Archives of
Gynecology and Obstetrics 306, no. 3 (2022): 901-910.

[38] O. M. Kocur, P. Xie, S. Cheung, et al., “Can a Sperm Selection
Technique Improve Embryo Ploidy?” Andrology 11, no. 8
(2023): 1605-1612.

[39] S. Lara-Cerrillo, C. U. Mufioz, M. de la Casa Heras, et al,
“Microfluidic Sperm Sorting Improves ICSI Outcomes in
Patients With Increased Values of Double-Strand Breaks in
Sperm DNA,” Revista Internacional de Andrologia 21, no. 1
(2023): 100338.

[40] S. Ozaltin, H. Celik, Y. Kocyigit, et al, “Comparison of
Reproductive Outcomes in ICSI Cycles Using Sperm Chip

Andrologia

Technique and Density Gradient Technique in Men With
Normal Semen Analysis,” Clinical and Experimental Obstetrics
and Gynecology 50, no. 3 (2023): 46.

[41] 0. Budak, M. S. Bostanci, O. Kose, N. Akdemir, A. Gokee, and
S. Cevrioglu, “Evaluation of the Clinical Results of Using
Microfluidic Channel System for Sperm Selection in IVE
Cycles in Patients With Low Sperm Concentration,” Konuralp
Tip Dergisi 15, no. 1 (2023): 9-15.

[42] I Zaha, P. Naghi, L. Stefan, et al., “Comparative Study of Sperm
Selection Techniques for Pregnancy Rates in an Unselected
IVE-ICSI Population,” Journal of Personalized Medicine 13,
no. 4 (2023): 619.

[43] P. Godiwala, J. Kwieraga, E. Almanza, et al., “The Impact of
Microfluidics Sperm Processing on Blastocyst Euploidy Rates
Compared With Density Gradient Centrifugation: A Sibling
Oocyte Double-Blinded Prospective Randomized Clinical
Trial,” Fertility and Sterility 122, no. 1 (2024): 85-94.

[44] M. Banti, E. Van Zyl, and D. Kafetzis, “Sperm Preparation With
Microfluidic Sperm Sorting Chip May Improve Intracytoplasmic
Sperm Injection Outcomes Compared to Density Gradient
Centrifugation,” Reproductive Sciences 31, no. 6 (2024): 1695-
1704.

[45] L. Escudé-Logares, C. Serrano-Novillo, L. Uroz, A. Galindo,
and C. Marquez, “Advanced Paternal Age: A New Indicator
for the Use of Microfluidic Devices for Sperm DNA
Fragmentation Selection,” Journal of Clinical Medicine 13,
no. 2 (2024): 457.

[46] H. Azizi, A. Fakhari, M. Farahbakhsh, et al., “Prevention of Re-
Attempt Suicide Through Brief Contact Interventions: A
Systematic Review, Meta-Analysis, and Meta-Regression of
Randomized Controlled Trials,” Journal of Prevention 44,
no. 6 (2023): 777-794.

[47] E. D. Esmaeili, H. Azizi, S. Dastgiri, and L. R. Kalankesh,
“Does Telehealth Affect the Adherence to ART Among
Patients With HIV? A Systematic Review and Meta-Analysis,”
BMC Infectious Diseases 23, no. 1 (2023): 169.

[48] S. Shen, A. Khabani, N. Klein, and D. Battaglia, “Statistical
Analysis of Factors Affecting Fertilization Rates and Clinical
Outcome Associated With Intracytoplasmic Sperm Injection,”
Fertility and Sterility 79, no. 2 (2003): 355-360.

[49] P. N. Schlegel, “Can Sperm Quality Affect Reproductive
Outcomes?” Fertility and Sterility 120, no. 4 (2023): 707-708.

[50] S. Elbashir, Y. Magdi, A. Rashed, M. A. Ibrahim, Y. Edris, and
A. M. Abdelaziz, “Relationship Between Sperm Progressive
Motility and DNA Integrity in Fertile and Infertile Men,” Middle
East Fertility Society Journal 23, no. 3 (2018): 195-198.

[51] L. Simon and S. E. M. Lewis, “Sperm DNA Damage or
Progressive Motility: Which One Is the Better Predictor of
Fertilization in Vitro?” Systems Biology in Reproductive Medicine
57, no. 3 (2011): 133-138.

[52] R. Gualtieri, G. Kalthur, V. Barbato, et al., “Sperm Oxidative
Stress During In Vitro Manipulation and Its Effects on Sperm
Function and Embryo Development,” Antioxidants 10, no. 7
(2021): 1025.

[53] C. Avendaifio, A. Franchi, H. Duran, and S. Oehninger, “DNA
Fragmentation of Normal Spermatozoa Negatively Impacts
Embryo Quality and Intracytoplasmic Sperm Injection Outcome,”
Fertility and Sterility 94, no. 2 (2010): 549-557.

[54] S. M. Kim, S. K. Kim, B. C. Jee, and S. H. Kim, “Effect of
Sperm DNA Fragmentation on Embryo Quality in Normal
Responder Women in in Vitro Fertilization and Intracyto-
plasmic Sperm Injection,” Yonsei Medical Journal 60, no. 5
(2019): 461-466.

95U017 SUOWLLIOD dAIEa.D) 9|deal|dde au Aq pausenob ae sojoile YO ‘88N JO S9N 10} Akeid 17 8UlUQ A8]1M UO (SUONIPUOD-PUE-SWLIB LD A8 | 1M Alelg 1 BulUO//SdNY) SUOTIPUOD pUe SWs 1 8y} 88S *[5Z0z/50/60] Uo Ariqiqauliuo A8jim ‘(-ouleAndeT) aqnopesy Ag £990TZ6/PUe/SSTT OT/I0p/Ww0d Ao im Aselgijpuluo//sdny wolj pepeojumod ‘T ‘SZ0Z ‘pue



Andrologia

(55]

(56]

(57]

(58]

(59]

(60]

[61]

[62]

(63]

(64]

[65]

[66]

(67]

(68]

M. Salehi, M. Afarinesh, T. Haghpanah, M. G. Novin, and
F. Farifteh, “Impact of Sperm DNA Fragmentation on ICSI
Outcome and Incidence of Apoptosis of Human Pre-
Implantation Embryos Obtained From in Vitro Matured MII
Oocytes,” Biochemical and Biophysical Research Communica-
tions 510, no. 1 (2019): 110-115.

L. Simon, K. Murphy, M. Shamsi, et al., “Paternal Influence of
Sperm DNA Integrity on Early Embryonic Development,”
Human Reproduction 29, no. 11 (2014): 2402-2412.

A. H.-Y. Paj, Y. J. Sung, C.-J. Li, C.-Y. Lin, and C. L. Chang,
“Progestin Primed Ovarian Stimulation (PPOS) Protocol
Yields Lower Euploidy Rate in Older Patients Undergoing
IVE,” Reproductive Biology and Endocrinology 21, no. 1
(2023): 72.

M. L. Bonus, D. B. McQueen, R. Ruderman, et al., “Relation-
ship Between Paternal Factors and Embryonic Aneuploidy of
Paternal Origin,” Fertility and Sterility 118, no. 2 (2022): 281-
288.

W. Fu, Q. Cui, Z. Yang, et al, “High Sperm DNA
Fragmentation Increased Embryo Aneuploidy Rate in Patients
Undergoing Preimplantation Genetic Testing,” Reproductive
BioMedicine Online 47, no. 6 (2023): 103366.

H. Yang, Y. Liu, W. Niu, et al., “Correlation Study of Male
Semen Parameters and Embryo Aneuploidy in Preimplanta-
tion Genetic Testing for Aneuploidy,” Frontiers in Endocri-
nology 13 (2023): 1072176.

Y. Ménézo, B. Dale, and M. Cohen, “DNA Damage and Repair
in Human Oocytes and Embryos: A Review,” Zygote 18, no. 4
(2010): 357-365.

J. M. Stringer, A. Winship, N. Zerafa, M. Wakefield, and
K. Hutt, “Oocytes Can Efficiently Repair DNA Double-Strand
Breaks to Restore Genetic Integrity and Protect Offspring
Health,” Proceedings of the National Academy of Sciences 117,
no. 21 (2020): 11513-11522.

A. Zini and M. Sigman, “Are Tests of Sperm DNA Damage
Clinically Useful? Pros and Cons,” Journal of Andrology 30,
no. 3 (2009): 219-229.

J. J. Espinds, L. Sola, C. Valli, A. Polo, L. Ziolkowska, and
M. J. Martinez-Zapata, “The Effect of Lifestyle Intervention on
Pregnancy and Birth Outcomes on Obese Infertile Women: A
Systematic Review and Meta-Analysis,” International Journal
of Fertility and Sterility 14, no. 1 (2020): 1-9.

P. Giannini, C. Piscitelli, A. Giallonardo, et al., “Number of
Embryos Transferred and Implantation,” Annals of the New
York Academy of Sciences 1034, no. 1 (2004): 278-283.

D. Marti-Garcia, A. Martinez-Martinez, F. J. Sanz, et al., “Age-
Related Uterine Changes and Its Association With Poor
Reproductive Outcomes: A Systematic Review and Meta-
Analysis,” Reproductive Biology and Endocrinology 22, no. 1
(2024): 152.

M. Yaghoobi, M. Azizi, A. Mokhtare, F. Javi, and
A. Abbaspourrad, “Rheotaxis Quality Index: A New Parameter
That Reveals Male Mammalian in Vivo Fertility and Low
Sperm DNA Fragmentation,” Lab on a Chip 22, no. 8 (2022):
1486-1497.

S. Zeaei, M. Z. Targhi, I. Halvaei, and R. Nosrati, “High-DNA
Integrity Sperm Selection Using Rheotaxis and Boundary
Following Behavior in a Microfluidic Chip,” Lab on a Chip 23,
no. 9 (2023): 2241-2248.

13

95U017 SUOWLLIOD dAIEa.D) 9|deal|dde au Aq pausenob ae sojoile YO ‘88N JO S9N 10} Akeid 17 8UlUQ A8]1M UO (SUONIPUOD-PUE-SWLIB LD A8 | 1M Alelg 1 BulUO//SdNY) SUOTIPUOD pUe SWs 1 8y} 88S *[5Z0z/50/60] Uo Ariqiqauliuo A8jim ‘(-ouleAndeT) aqnopesy Ag £990TZ6/PUe/SSTT OT/I0p/Ww0d Ao im Aselgijpuluo//sdny wolj pepeojumod ‘T ‘SZ0Z ‘pue



	Comparison of ICSI Outcomes Between Microfluidic and Conventional Sperm Selection Methods: A Systematic Review and Meta-Analysis
	1. Introduction
	2. Methods
	2.1. Search Strategy
	2.2. Inclusion/Exclusion Criteria
	2.3. Data Extraction
	2.4. Quality and the Risk of Bias Assessment
	2.5. Statistical Analysis

	3. Results
	3.1. Study Selection and Characteristics
	3.2. Meta-Analysis and Subgroup Meta-Analysis
	3.2.1. FR
	3.2.2. EQ
	3.2.3. ER
	3.2.4. PR
	3.2.5. LBR


	4. Discussion
	5. Conclusion
	Data Availability Statement
	Conflicts of Interest
	Author Contributions
	Funding
	Acknowledgments
	Supporting Information
	References




