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Background: The association between endometriosis and embryological outcomes remains uncertain. The meta-analysis aimed to evaluate the impact of endometriosis on embryo quality.

Methods: A systematic review and meta-analysis was conducted to investigate the association between the endometriosis and embryo quality. Searches were performed on the three electronic databases: PubMed, EMBASE, and Web of Science. The detailed characteristics and data of the included studies were extracted. The risk ratio with 95% confidence intervals were calculated using the random and fixed effects model. The main outcome measures were high-quality embryo rate, cleavage rate, and embryo formation rate.

Results: A total of 22 studies included were analyzed. Compared with the control group, women with endometriosis had a similar high-quality embryo rate (RR = 1.00; 95% CI, 0.94–1.06), a comparable cleavage rate (RR = 1.00; 95% CI, 0.97–1.02), and a similar embryo formation rate (RR = 1.10; 95% CI, 0.97–1.24). In women with stage III-IV endometriosis, there was no statistically significantly difference in high-quality embryo rate (RR = 1.02; 95% CI, 0.94–1.10), cleavage rate (RR = 1.00; 95% CI, 0.98–1.02), and embryo formation rate (RR = 1.05; 95% CI, 0.97–1.14), compared with those without endometriosis. For women with unilateral endometrioma, pooling of results from the affected ovaries did not show a statistically significantly difference in high-quality embryo rate (RR = 0.99; 95% CI, 0.60–1.63) in comparison to the normal contralateral ovaries.

Conclusions: Our results seem to indicate that endometriosis does not compromise embryo quality from the perspective of morphology.
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INTRODUCTION

Endometriosis, wherein endometrial tissue including glands and stroma is present outside the uterine cavity, affects ~10% of women in reproductive age and 40% of women with infertility (1, 2). Studies have shown that endometriosis has adverse effect on fertility in reproductive women. The corresponding mechanisms mainly include reduction of functional ovarian tissue resulted from endometriomas or surgery, inflammatory changes in peritoneal fluid, reduction in endometrial receptivity and alteration in the number and quality of oocyte or embryo. However, the explicit causes are still poorly understood (3). Assisted reproductive technology (ART) is an effective approach for endometriosis-associated infertility (4).

Many research papers pertaining to the consequence of endometriosis on the outcomes of ART have been published; nevertheless, these results remain still controversial (5–7). More specifically, it also seemed disputed in terms of the association between endometriosis and embryological outcomes (8–10). This respect is essential considering that efforts are made to select high-quality embryos for transfer in embryological laboratories, especially, elective single-embryo transfer (eSET) has been increasingly advocated to reduce the risk of multiple gestations and improve pregnancy outcomes (11). It is of significance to further elucidate this aspect, as so far with conflicting, and to the best of our knowledge, no meta-analysis specifically focusing on the association between endometriosis and embryological outcomes is present. The aims of our systematic review and meta-analysis are to investigate the association between endometriosis and embryological outcomes from the morphological perspective and further review whether the severity of endometriosis or unilateral endometrioma has a negative effect on embryo formation and development.



METHODS


Search Strategy and Selection Criteria

PubMed, EMBASE, and Web of Science were searched by two independent reviewers using the keywords and/or medical subject heading (MeSH) terminology: endometriosis, endometrioma, ART, in-vitro fertilization, and intracytoplasmic sperm injection, embryo. The final search was performed in August 2020.

The inclusion criteria were as follows: ① cohort studies (retrospective or prospective); ② women underwent in-vitro fertilization/intracytoplasmic sperm injection (IVF/ICSI); ③ study group consisted of women with endometriosis diagnosed by laparoscopy, histology, ultrasound, or magnetic resonance imaging (MRI); ④ women with or without prior treatment (surgery or medicine) for endometriosis; ⑤ control study were women without endometriosis including those with tubal infertility, male factor infertility, unexplained infertility or mixed etiology infertility; ⑥ the embryo at cleavage stage were assessed morphologically.

The exclusion criteria included: ① non-English papers; ② studies without a control group; ③ literatures such as conference abstracts or other personal communication; ④ women with diseases such as polycystic ovary syndrome (PCOS) and premature ovarian failure, which may cause damage to embryo; ⑤ women involved with donor or recipient oocytes treatment.



Data Extraction and Quality Assessment

The primary outcome was a high-quality embryo rate. The secondary outcomes were cleavage rate and embryo formation rate. After an initial screen of all titles and abstracts retrieved from the electronic searches, the full texts of all potentially eligible studies were obtained. Two reviewers respectively scrutinized these articles to select the papers qualified for aforementioned inclusion criteria. Disagreements were resolved through discussions with a third reviewer. Two reviewers independently extracted the outcome data and study characteristics using a specifically designed form. These data were examined repeatedly by both investigators. Discrepancies were resolved by discussion with consensus.

The assessment of study quality was implemented by two reviewers based on the Newcastle-Ottawa Quality Assessment Scale for observational studies. The scale involves eight items categorized in three domains: selection, comparability, and outcome, with each item can be awarded a maximum of one star, except comparability, which can be given up to two stars. Eventually, results presented as the number of stars ranging from one to nine. We performed analyses in studies where embryological outcomes in women with endometriosis or stage III-IV endometriosis, which were classified according to the rAFS/ASRM (revised classification of the American Fertility Society or Revised American Society for Reproductive Medicine classification of endometriosis), were compared with those without endometriosis. Additionally, we compared embryological outcomes between affected ovary and intact ovary in women with unilateral endometrioma. The systematic review and meta-analysis were reported in accordance with the Meta-analysis of Observational Studies in Epidemiology (MOOSE) statement.



Statistical Analysis

The statistical analysis was performed using Review Manager version 5.4. Relevant data was abstracted from original papers, if not presented, then calculated by using matching raw data provided. For dichotomous variables, results for each indicator were expressed as risk ratio (RR) with 95% confidence intervals (CIs). Funnel plots were constructed to assess the publication bias. Sensitivity analyses were completed in the means of removing one of included studies at a time from the meta-analysis and recalculating the combined effect size to evaluate the effect of every study on the pooled effect size.

The I2 were measured to quantify statistical heterogeneity. A fixed effects model was used when I2 < 50%, while a random effects model of DerSimonian and Laird was applied if I2 ≥ 50%. A random effects model implied the effects analyzed among the included studies were not identical but followed similar distributions.




RESULTS


Study Selection and Characteristics

The search strategy retrieved 1,293 citations from PubMed, 4,711 from EMBASE, and 4,089 from Web of Science. The duplicate studies were removed, after importing all results into EndNote, leaving 7,454 articles. With regard to duplicate publication, only the most recent and complete versions were chosen. A total of 7,383 records were excluded following an initial screening for the titles and abstracts. After reviewing full texts of the remaining 71 studies, 49 articles were excluded for conference abstracts (n = 23), full texts not available (n = 8), data not extractable (n = 16), and expert opinion (n = 2). Therefore, a number of 22 publications were eligible for selection criteria and included in the review (Figure 1).


[image: Figure 1]
FIGURE 1. Flow diagram for study selection process.


With regard to the study design, all the included studies were observational studies, and 22 were cohort studies (six prospective, 14 retrospective). Of these included studies, the study groups contained endometriosis (n = 17), stage III-IV endometriosis (n = 12), and unilateral endometrioma (n = 3). The diagnosis of endometriosis was based on laparoscopy (n = 13), histology (n = 2), and ultrasound (n = 8). In 22 of the included studies, the stage of endometriosis was performed on the basis of the rAFS/ASRM. Studies evaluated the embryo quality in women with endometriosis or stage III-IV endometriosis and included various control groups: tubal infertility (n = 9), male factor infertility (n = 6), unexplained infertility (n = 1), and mixed etiology infertility (n = 5). The control groups were drawn from the same community or hospital as the study groups. The detailed characteristics of the included studies are presented in Supplementary Table 1.



Quality Assessment of Included Studies

The majority of included studies (n = 12) were awarded eight stars, two studies were awarded nine stars, six studies were awarded seven stars, and only two studies scored six stars. The Newcastle-Ottawa Quality Assessment Scale is shown in Supplementary Table 2.



Synthesis of Results

Compared with the control group, women with endometriosis had a similar high-quality embryo rate (RR = 1.00; 95% CI, 0.94–1.06) (Figure 2). No differences were found in cleavage rate (RR = 1.00; 95% CI, 0.97–1.02) and embryo formation rate (RR = 1.10; 95% CI, 0.97–1.24) (Figure 3). In women with stage III-IV endometriosis, there was no statistically significantly difference in high-quality embryo rate (RR = 1.02; 95% CI, 0.94–1.10), compared with those without endometriosis. Other indicators such as cleavage rate (RR = 1.00; 95% CI, 0.98–1.02) and embryo formation rate (RR = 1.05; 95% CI, 0.97–1.14) were also comparable between both groups (Figure 4). For women with unilateral endometrioma, pooling of results from the affected ovaries did not show a statistically significantly difference in high-quality embryo rate (RR = 0.99; 95% CI, 0.60–1.63) in comparison to the normal contralateral ovaries (Figure 5).
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FIGURE 2. Forest plot of high-quality embryo rate for endometriosis vs. control.



[image: Figure 3]
FIGURE 3. Forest plot of cleavage rate and embryo formation rate for endometriosis vs. control.
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FIGURE 4. Forest plot of high-quality embryo rate, cleavage rate, and embryo formation rate for stage III-IV endometriosis vs. control.
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FIGURE 5. Forest plot of high-quality embryo rate for affected ovaries vs. unaffected ovaries.





DISCUSSION


Main Findings

We found no statistically significantly differences in high-quality embryo rate, cleavage rate, and embryo formation rate in women with endometriosis compared with those without endometriosis. Moreover, the aforementioned indicators were comparable between women with severe endometriosis (stage III-IV) and those without endometriosis. In addition, results from both affected ovaries and intact ovaries were similar.



Strengths and Limitations

To our knowledge, no previous systematic review and meta-analysis concerning the association between endometriosis and embryo quality is as large scale, up to date, and comprehensive. A prior meta-analysis by Yang et al. have reported a lower number of total embryos formed and a similar number of good-quality embryos between women with endometrioma and control group. They also have made comparisons between ovaries affected and normal contralateral ovaries; no difference was shown in the number of total embryos formed (12). However, the results need to be interpreted with caution due to only two included studies and the two observed indicators, which were not recommended by the Vienna consensus (13). There are also some limitations to be noted in this review. First, we only included published English studies, thus non-English studies as well as conference abstracts were excluded, which may result in selection bias. Second, some issues remain in both comparison groups. The concordance among control groups is not satisfactory because the causes of infertility in control group vary between tubal and male factor, even several studies just including non-endometriosis women not limiting to specific etiologies. It is also worth noting that these etiologies may have an adverse influence on embryo quality respectively or collectively (14). The same is true in endometriosis groups, in which whether to receive treatment or not and which therapeutic modality was performed are not well-controlled. Suzuki et al. reported that their data indicated the negative effect of endometriosis could be compromised by laparoscopic treatment (15). Finally, so far, no consensus on embryo morphological assessment has been applied worldwide, albeit embryologists are dedicated to selecting embryos for transfer based on morphological features. This is a major disadvantage because the differences in the criteria for evaluating embryo quality may compromise the homogeneity between included studies. Nevertheless, the majority of embryo grading systems existing mainly take into consideration the following indexes: the number and symmetry of blastomeres, the relative degrees of fragmentation, and the presence or absence of multinucleation (16), which, to some extent, could reduce the heterogeneity of interstudies.



Interpretation and Implication

Currently, it is extremely difficult to draw a definite conclusion on the association between endometriosis and embryo quality, with results controversial. A number of studies have suggested that endometriosis has a detrimental impact on embryo quality (17–20), while some studies are unable to demonstrate the relationship between the two (9, 10, 15, 21). Lin et al. showed a lower high-quality embryo rate in an endometriosis group including 177 women compared with the control group comprising the remaining 4,267 women with any factors other than endometriosis through collecting information from the electronic records between January 2006 and December 2010 in their hospital (19). Further studies observed elevated levels of inflammatory cytokines in both follicular and peritoneal fluid, such as interleukin-6 (IL-6), IL-8, and tumor necrosis factors (22, 23). The alteration of the follicular and peritoneal microenvironment may not be conducive to the development and maturation of oocytes, and subsequently, may potentially affect embryo development (24).

Our results do not seem to support the adverse effect of endometriosis on embryo quality. These following reasons could account for our findings. A successful pregnancy requires not only high-quality embryos but also a receptive endometrium. Emerging evidences indicate that inflammation plays a vital role in the pathogenic mechanisms of endometriosis (25). Endometriosis induces a series of local and systemic inflammatory responses, and these disordered inflammatory cytokines subsequently interfere with normal endometrial function through complex signal pathways, eventually, leading to less-receptive endometrium for embryo implantation (26). Another reason, namely, the limitations of conventional embryos morphological assessment, is also of great importance. The common indicators of embryo morphological evaluation may not reflect the intrinsic changes of embryos retrieved from women with endometriosis well; that is, the effect of endometriosis on embryos may not be presented as the altered morphology (27). Consequently, it is possible that grading embryos in light of morphological features is imprecise (28). Remarkably, in this review, a higher yet not statistically significant high-quality embryo rate was observed in the endometriosis group than the control group according to Veeck's criteria. An embryo scoring scheme, which considers various factors not limiting to morphological features, is required.




CONCLUSIONS

Our results indicate that endometriosis does not compromise embryo quality from the perspective of morphology. The universal criteria and terminology for grading embryos are required to reduce the heterogeneity between studies, thus making comparisons of clinical data in this field more statistically powerful. More high-quality, well-designed research with a large sample size as well as population strictly selected need to be undertaken to elucidate the association between endometriosis (especially its subtypes and stages) and embryo quality.



DATA AVAILABILITY STATEMENT

All datasets generated for this study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

HD, JS, and LY conceived and designed the study. XJ performed the literature search. XM extracted the data. HD analyzed the data and wrote the manuscript. LY and JS revised the manuscript and supervised the study. All authors read and approved the final manuscript.



ACKNOWLEDGMENTS

We thank Yan Wu and Tingting Song for help in performing the literature search and extracting the data.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.669342/full#supplementary-material



REFERENCES

 1. Zondervan KT, Becker CM, Missmer SA. Endometriosis. N Engl J Med. (2020) 382:1244–56. doi: 10.1056/NEJMra1810764

 2. Pirtea P, de Ziegler D, Ayoubi JM. Effects of endometriosis on assisted reproductive technology: gone with the wind. Fertil Steril. (2020) 8:1431. doi: 10.1016/j.fertnstert.2020.08.1431

 3. de Ziegler D, Borghese B, Chapron C. Endometriosis and infertility: pathophysiology and management. Lancet. (2010) 376:730–8. doi: 10.1016/S0140-6736(10)60490-4

 4. Dunselman GA, Vermeulen N, Becker C, Calhaz-Jorge C, D'Hooghe T, De Bie B, et al. ESHRE guideline: management of women with endometriosis. Hum Reprod. (2014) 29:400–12. doi: 10.1093/humrep/det457

 5. Harb HM, Gallos ID, Chu J, Harb M, Coomarasamy A. The effect of endometriosis on in vitro fertilisation outcome: a systematic review and meta-analysis. Bjog. (2013) 120:1308–20. doi: 10.1111/1471-0528.12366

 6. Hamdan M, Dunselman G, Li TC, Cheong Y. The impact of endometrioma on IVF/ICSI outcomes: a systematic review and meta-analysis. Hum Reprod Update. (2015) 21:809–25. doi: 10.1093/humupd/dmv035

 7. Li A, Zhang J, Kuang Y, Yu C. Analysis of IVF/ICSI-FET outcomes in women with advanced endometriosis: influence on ovarian response and oocyte competence. Front Endocrinol. (2020) 11:427. doi: 10.3389/fendo.2020.00427

 8. Sanchez AM, Pagliardini L, Cermisoni GC, Privitera L, Makieva S, Alteri A, et al. Does endometriosis influence the embryo quality and/or development? Insights from a large retrospective matched cohort study. Diagnostics. (2020) 10:20083. doi: 10.3390/diagnostics10020083

 9. Benaglia L, Bermejo A, Somigliana E, Faulisi S, Ragni G, Fedele L, et al. In vitro fertilization outcome in women with unoperated bilateral endometriomas. Fertil Steril. (2013) 99:1714–9. doi: 10.1016/j.fertnstert.2013.01.110

 10. Reinblatt SL, Ishai L, Shehata F, Son WY, Tulandi T, Almog B. Effects of ovarian endometrioma on embryo quality. Fertil Steril. (2011) 95:2700–2. doi: 10.1016/j.fertnstert.2011.03.002

 11. Practice Committee of Society for Assisted Reproductive Technology and Practice Committee of American Society for Reproductive Medicine. Elective single-embryo transfer. Fertil Steril. (2012) 97:835–42. doi: 10.1016/j.fertnstert.2011.11.050 

 12. Yang C, Geng Y, Li Y, Chen C, Gao Y. Impact of ovarian endometrioma on ovarian responsiveness and IVF: a systematic review and meta-analysis. Reprod Biomed Online. (2015) 31:9–19. doi: 10.1016/j.rbmo.2015.03.005

 13. ESHRE Special Interest Group of Embryology and Alpha Scientists in Reproductive Medicine. The Vienna consensus: report of an expert meeting on the development of ART laboratory performance indicators. Reprod Biomed Online. (2017) 35:494–510. doi: 10.1016/j.rbmo.2017.06.015

 14. Horton J, Sterrenburg M, Lane S, Maheshwari A, Li TC, Cheong Y. Reproductive, obstetric, and perinatal outcomes of women with adenomyosis and endometriosis: a systematic review and meta-analysis. Hum Reprod Update. (2019) 25:592–632. doi: 10.1093/humupd/dmz012

 15. Suzuki T, Izumi SI, Matsubayashi H, Awaji H, Yoshikata K, Makino T. Impact of ovarian endometrioma on oocytes and pregnancy outcome in in vitro fertilization. Fertil Steril. (2005) 83:908–13. doi: 10.1016/j.fertnstert.2004.11.028

 16. Alpha Scientists in Reproductive Medicine and ESHRE SpecialInterest Group of Embryology. The Istanbul consensus workshop on embryo assessment: proceedings of an expert meeting. Hum Reprod. (2011) 26:1270–83. doi: 10.1093/humrep/der037

 17. Sharma S, RoyChoudhury S, Bathwal S, Bhattacharya R, Kalapahar S, Chattopadhyay R, et al. Pregnancy and live birth rates are comparable in young infertile women presenting with severe endometriosis and tubal infertility. Reprod Sci. (2020) 27:1340–9. doi: 10.1007/s43032-020-00158-x

 18. Borges E, Braga DPAF, Setti AS, Vingris LS, Figueira RCS, Iaconelli A. Endometriosis affects oocyte morphology in intracytoplasmic sperm injection cycles. Jornal Brasileiro de Reproducao Assistida. (2015) 19:235–40. doi: 10.5935/1518-0557.20150046

 19. Lin XN, Wei ML, Tong XM, Xu WH, Zhou F, Huang QX, et al. Outcome of in vitro fertilization in endometriosis-associated infertility: a 5-year database cohort study. Chin Medical J. (2012) 125:2688–93. doi: 10.3760/cma.j.issn.0366-6999.2012.15.008

 20. Du Y-B, Gao M-Z, Shi Y, Sun Z-G, Wang J. Endocrine and inflammatory factors and endometriosis-associated infertility in assisted reproduction techniques. Archiv Gynecol Obstetr. (2013) 287:123–30. doi: 10.1007/s00404-012-2567-0

 21. Ashrafi M, Fakheri T, Kiani K, Sadeghi M, Akhoond MR. Impact of the endometrioma on ovarian response and pregnancy rate in in vitro fertilization cycles. Int J Fertil Steril. (2014) 8:29–34. 

 22. Opøien HK, Fedorcsak P, Polec A, Stensen MH, Åbyholm T, Tanbo T. Do endometriomas induce an inflammatory reaction in nearby follicles? Hum Reprod. (2013) 28:1837–45. doi: 10.1093/humrep/det087

 23. Lebovic DI, Mueller MD, Taylor RN. Immunobiology of endometriosis. Fertil Steril. (2001) 75:1–10. doi: 10.1016/S0015-0282(00)01630-7

 24. Da Broi MG, Navarro PA. Oxidative stress and oocyte quality: ethiopathogenic mechanisms of minimal/mild endometriosis-related infertility. Cell Tissue Res. (2016) 364:1–7. doi: 10.1007/s00441-015-2339-9

 25. Vannuccini S, Clifton VL, Fraser IS, Taylor HS, Critchley H, Giudice LC. Infertility and reproductive disorders: impact of hormonal and inflammatory mechanisms on pregnancy outcome. Hum Reprod Update. (2016) 22:104–15. doi: 10.1093/humupd/dmv044

 26. Lessey BA, Kim JJ. Endometrial receptivity in the eutopic endometrium of women with endometriosis: it is affected, and let me show you why. Fertil Steril. (2017) 108:19–27. doi: 10.1016/j.fertnstert.2017.05.031

 27. Filippi F, Benaglia L, Paffoni A, Restelli L, Vercellini P, Somigliana E, et al. Ovarian endometriomas and oocyte quality: insights from in vitro fertilization cycles. Fertil Steril. (2014) 101:988–U406. doi: 10.1016/j.fertnstert.2014.01.008

 28. Ebner T, Moser M, Sommergruber M, Tews G. Selection based on morphological assessment of oocytes and embryos at different stages of preimplantation development: a review. Hum Reprod Update. (2003) 9:251–62. doi: 10.1093/humupd/dmg021

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Dongye, Ji, Ma, Song and Yan. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-669342-g005.gif
wwona

e
@ i Taprsn
R G 14
o e

g TapeotL R 745 te 26 SR T
-y

i 21 86





OPS/images/fmed-08-669342-g003.gif
oo wowm o owm o vensis -

Woan wm ot ioipaien
W ome owose oiparii +—
W Wi mbaag —

Wi an G omprim

Wom um tm impaie

7 " s b

s g

o e
e e 35 a0

122 emmrumenrse

Ko m o s
) o o et —
s 1 24 =
S i —
e B —
T 0

s
s T 053 e 1361010 <0995
ferasat S e

o s ven s
Tt o " o
o T 15 0101414 <00, P8 T

TewbronsletutZe 100Pa000 Favoues Wrpanmestat Favsers (cemed.






OPS/images/fmed-08-669342-g004.gif
LT Pomty X  Batorn. ¥
e st
A
2 B
H # e
i g
£ B
2 i
i# S
LR
1 o
% g
2 B
E oA REE EER
I . N,
Bty

o030
s dea

S ]

o
sk
e

it
e

e






OPS/xhtml/Nav.xhtml




Contents





		Cover



		The Impact of Endometriosis on Embryo Quality in in-vitro Fertilization/Intracytoplasmic Sperm Injection: A Systematic Review and Meta-Analysis



		Introduction



		Methods



		Search Strategy and Selection Criteria



		Data Extraction and Quality Assessment



		Statistical Analysis







		Results



		Study Selection and Characteristics



		Quality Assessment of Included Studies



		Synthesis of Results







		Discussion



		Main Findings



		Strengths and Limitations



		Interpretation and Implication







		Conclusions



		Data Availability Statement



		Author Contributions



		Acknowledgments



		Supplementary Material



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

The Impact of Endometriosis on
Embryo Quality in in-vitro
Fertilization/Intracytoplasmic Sperm
Injection: A Systematic Review and
Meta-Analysis





OPS/images/fmed-08-669342-g001.gif
Records identified through
database searching
Publed: n=1293

Web of Science: n=4089

Y
Records after duplicates
removed
n=7454
Y
Records excluded based on
Recotssereened Ll O e
n=7383
Y Fulltext articles excluded
=49
Fuiext s assessed for Conference bstacs =23
iobity il txts not valabi: e
Dot not extactbi: 16
Expert opinion:
y
‘Studies included in this meta-
anayss

n=22






OPS/images/fmed-08-669342-g002.gif
ety 6o s s e tepnie
ey Mo oon s lwpaii
e R R BT IRt
s P R o
Sz Wom Tmoam ov o repenn
Siaana B I vttt

o
aipromra

oy 0 oo _
e a2 e p
o W 8 e =
e i -
i & A -
E H E
a3 W w R e =
. R BB R R +
T e i i i

s A

e o

oo Tt =001 Chee 1512, 3 160 <0000, 6%
et mese e 22067 05009

s owmies. e bl










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





