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Abstract
Recently, several new promising modifications have been introduced to clinical practice that may simplify and
optimize IVF outcome. In the present opinion paper we present a simplified approach to controlled ovarian
hyperstimulation protocol (COH), which combines the benefits of the ultrashort flare GnRH agonist/GnRH
antagonist protocol and the personalized tailored mode and timing of ovulation triggering, aiming to improve IVF
outcome while eliminating of severe OHSS.
In patients at risk to develop severe ovarian hyperstimulation syndrome (OHSS), GnRH agonist (GnRHa) trigger if
offered for final follicular maturation. While in those achieving ≥20 oocytes, the freeze all policy with the
subsequent frozen-thawed embryo transfers (ET) is recommended, in those where less than 20 oocytes are
retrieved, patients are re-evaluated 3 days after oocyte retrieval (day of ET) for signs of early moderate OHSS. If no
early signs of OHSS developed, one embryo was transferred, and the patients are instructed to inject 1500 IU of
HCG. In cases where signs of early moderate OHSS appear, the freeze all policy is recommended.
In Patients not at risk to develop severe OHSS- three different modes of concomitant administration of both GnRHa and
a standard bolus of hCG (5000–10,000 units) prior to oocyte retrieval were suggested. Standard hCG dose concomitant
with GnRHa (dual trigger), 35–37 h before oocyte retrieval is offered to normal responders patients, resulting in
improved oocyte/embryo quality and IVF outcome. GnRHa 40 h and standard hCG added 34 h prior to oocyte retrieval
(double trigger), respectively are offered to patients demonstrating abnormal final follicular maturation despite normal
response to COH. The double trigger results in significantly higher number of oocytes retrieved, higher proportions of
the number of oocytes retrieved to the number of follicles >10 mm and >14 mm in diameter on day of hCG
administration, higher number of MII oocytes and proportion of MII oocytes per number of oocytes retrieved, with the
consequent significantly increased number of top-quality embryos, as compared to the hCG-only trigger cycles.
Standard hCG dose concomitant with GnRHa (dual trigger), 34 h before oocyte retrieval should be offered to poor
responders patients, aiming to overcome premature luteinization, while achieving high yield of mature oocytes.
Further studies are required to support this new concept prior to its implementation as a universal COH protocol to IVF
practice.
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Background
Controlled ovarian hyperstimulation (COH) is considered a key factor in the success of in vitro fertilizationembryo transfer (IVF-ET) because it enables the recruitment of multiple healthy fertilizable oocytes and,
thereby, multiple as opposed to single ET. COH usually
includes the co-administration of gonadotropins and
gonadotropin-releasing hormone (GnRH) analogues; the
two most commonly used protocols are the long GnRHagonist (GnRHa) suppressive protocol and the multipledose GnRH-antagonist (GnRHant) COH protocol. While
the advantages of using GnRH-ant, as opposed to
agonists include, mainly, a reduction in the incidence of
severe ovarian hyperstimulation syndrome (OHSS) [1],
when comparing pregnancy rates, the literature yields
conflicting results [2]. In addition, programming of
GnRHant cycles continues to be a challenge, and the use
of combined oral contraceptives (COCs) pretreatment,
which aims to achieve a better synchronized response
and a scheduled cycle, was associated with significantly
lower ongoing pregnancy rate, longer duration of the
stimulation and higher gonadotropin consumption [3].
Recently, several new promising modifications have
been introduced to clinical practice, of which, the ultrashort flare GnRHa/GnRHant protocol and the different
mode and timing of hCG and GnRHa co-administration
for final follicular maturation, have the most prominent
impact on IVF outcome.
Prompted by the aforementioned observations, in our
center, conducting up to 1200 IVF cycles per year, we
have started to implement a simplified approached to
COH protocol. The present opinion paper aims to
present this simplified approach (Fig. 1), which combines the benefits of the ultrashort flare GnRHa/
GnRHant protocol and the personalized tailored mode
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and timing of ovulation triggering. We believe that its
universal implementation to IVF practice will result in
improved outcome while allowing the elimination of
severe OHSS.
The ultrashort flare GnRHa/GnRHant protocol

The ultrashort flare GnRHa/GnRHant protocol was recently introduced to the COH protocols armamentarium
[4]. It offers all the advantages of using GnRHant, including a lack of hypoestrogenism, shorter treatment
duration and lower gonadotropin requirement. Moreover, it allows cycle programming and offers successful
outcome in a variety of challenging cases such as poor
responders, and patients with poor embryo quality or repeated IVF failures [5–7]. In addition, this protocol provides protection from severe OHSS by maintaining the
option to substitute hCG with GnRHa for final follicular
maturation in patients at risk of OHSS [8].
The protocol is comprised of the administration of
COCs started on days 2–5 of the menses continued for
at least 7 days. GnRHa (e.g. triptorelin 0.1 mg/day) is
commenced 3 days after the cessation of the COCs,
followed by gonadotropins (FSH only preparations) initiated two days later. GnRHant is added according to the
individual program policy (fixed or flexible), and continued until the day of triggering final oocytes maturation.
On the day of GnRHant initiation, LH is added to the
FSH only preparations.
Final follicular maturation is triggered as soon as the
majority of the leading preovulatory follicles have
reached a diameter of 17 mm, preferably with a ratio of
E2 level to number of leading preovulatory follicles of
>14 mm calculated to be lower than 100 pg/mL [9]. All
patients should receive luteal support with progesterone
starting on the day following oocyte retrieval.

Fig. 1 A simplified approach/algorithm to COH protocol, which combines the ultrashort flare GnRHa/GnRHant protocol and the personalized
tailored timing of ovulation triggering
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Triggering final follicular maturation

Recently, different modes and timing of ovulation triggering, using GnRHa, hCG, or both, were adopted to
clinical practice [10], attempting to either rescuing the
luteal phase and improving reproductive outcome in
patients at risk to develop severe OHSS, or improving
oocyte/embryo yield and quality in the general IVF
population or in patients with abnormal final follicular
maturation.
COH using GnRHa trigger has become a common
tool aiming to eliminate severe early OHSS and to support the concept of an OHSS-free clinic. However, due
to the reported significantly reduced clinical, efforts have
been made to improve reproductive outcome. Moreover,
while comparing the effect of hCG versus GnRHa trigger
on the different follicular maturation variables following
an IVF treatment cycle, studies have revealed that the
number of oocytes retrieved, percentage of mature oocytes and number of top-quality embryos were either
comparable or in favor of the GnRHa trigger.
These advantages were related to the concomitant
midcycle FSH peak, observed following GnRHa trigger.
The later ensures an adequate complement of LH receptors on the granulosa layer and the synthesis of hyaluronic acid matrix that facilitates the expansion and
dispersion of the cumulus cells, allowing the oocytecumulus cell mass to become free-floating in the antral
fluid [11]. Moreover, while studying the downstream effects of LH receptor activation by LH or hCG, it was
demonstrated that LH has a greater impact on AKT and
extracellular signal regulated protein kinase (ERK1/2)
phosphorylation, responsible for granulosa cells proliferation, differentiation and survival, while hCG generates
higher intracellular cAMP accumulation, which stimulates steroidogenesis (progesterone production) [12].
Following the aforementioned observations, GnRHa
combined with hCG trigger- for final follicular maturation has been implemented to clinical practice, and the
different modes and timing of administration should be
appropriately tailored to various subgroup of IVF
patients.
The rationale behind the different stages of the
suggested universal protocol
COC

The ultrashort flare GnRHa/GnRHant protocol is comprised of the administration of COCs started on days 2–5
of the menses continued for at least 7 days. COCs pretreatment was shown to result in a better synchronized response
and a scheduled cycle on one hand, with significantly longer duration of the stimulation, higher gonadotropin consumption and a questionable lower ongoing pregnancy
rate [3, 13, 14]. The detrimental effect of pretreatment
COCs in the GnRH antagonist protocol was related to the
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potential negative effect of the gestagen component on
the endometrium, or the low endogenous LH levels induced by COCs, with their deleterious impact on oocyte
competence or endometrial receptivity [13].
Regarding the detrimental effects of the gestagen
component of the COCs. Recently, the use of antiandrogenic COCs (drospirenone, cyproterone acetate) in
oocytes donors was demonstrated to result in a significantly
higher oocytes yield, as compared to those using androgenic COCs, and a comparable yield to donors with no
COCs pre-treatment. Differences that were maintained also
after adjustments for the donor age and total FSH dose
used in ovulation induction [15].
Repeated IVF failures

When applied to patients with repeated IVF failures, the
combination of diagnostic hysteroscopy and endometrial
sampling during COCs treatment, which precedes the
ultrashort GnRH-ag/GnRH-ant protocol, should be offered,
resulting in an improved outcome with high implantation
and clinical pregnancy rates (42 % as compared to 25 % in
patients’ previous conventional IVF cycle) [7].
The ultrashort flare GnRH-agonist

The ultrashort flare GnRH-agonist stimulates an early
follicular phase endogenous FSH release without the
concomitant deleterious rises in androgen levels or corpus luteum rescue [16], which is fundamental for follicular recruitment. Moreover, the pretreatment with OCPs
was recently shown to suppress pre-GnRH-agonist FSH
without blunting the FSH flare and therefore should not
affect the follicular response to the GnRH agonist flare.
Furthermore, since COC pretreatment blunts the LH
flare, thus preventing the detrimental effect of GnRHagonist induced early rise in follicular androgens with
the consequent increase in serum progesterone levels
[17], COC should be offered to all patients undergoing
the GnRH-agonist flare protocol.
The combination of COCs pretreatment COCs with
the microdose flare protocol, which has been offered to
poor-responder patients for almost three decades, demonstrated similar results when compared with various
other COH protocols, with improved cycle parameters
and decreased cancellation rates [16]. This probably results from the flare effect which overcomes the endogenous gonadotropins suppression by the COCs and the
aforementioned consequent deleterious impact on oocyte competence or endometrial receptivity.
The GnRH-antagonist

The GnRH-antagonist provides immediate LH suppression with the possible improvement of the quality of the
blastocysts generated [18].
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Triggering final follicular maturation by GnRH-agonist

Triggering final follicular maturation by GnRH-agonist,
in patients at high risk to develop severe OHSS undergoing the ultrashort GnRH ag/GnRH ant protocol, was
shown to be feasible option [8]. The 3 consecutive doses
of daily GnRH-a agonist administration at the beginning
of ultrashort GnRH-ag/GnRH-ant COH protocol, did not
interfere with the ability of the GnRH-agonist to trigger
final oocytes maturation at the end of the COH cycle and
did not compromise IVF outcome [8, 19].
The aforementioned observation implies that in patients undergoing COH using the ultrashort GnRH-ag/
GnRH-ant COH protocol, final follicular maturation
may be triggered with hCG, GnRHa or both.
A simplified approach/algorithm to COH protocol (Fig. 1)
Patients at risk to develop severe OHSS

Patients at risk to develop severe OHSS, those with rapidly rising serum E2 levels; peak E2 level in excess of
2500 pg/mL; and/or the emergence of a large number of
intermediate sized follicles [20], GnRHa trigger if offered
for final follicular maturation. In those achieving ≥20 oocytes, the freeze all policy with the subsequent frozenthawed embryo transfers (ET) is recommended.
If less than 20 oocytes are retrieved, patients are
instructed to start an intensive luteal support with estradiol and progesterone, the day following OPU, and are
re-evaluated 3 days after oocyte retrieval (day of ET) for
signs of early moderate OHSS (ultrasonographic signs of
ascites as reflected by the appearance of fluid surrounding the uterus/ovaries, and/or Hct levels >40 % for the
degree of haemoconcentration). The intensive luteal
support includes 4 mg daily E2 valerate per os (Progynova; Schering), combined with either 50 mg progesterone IM (Gestone, Ferring- Lapidot, Israel) daily, 400 mg
micronized progesterone vaginal tablets (Endometrin,
Ferring-Lapidot, Israel) in two divided doses, 900 mg
micronized progesterone soft gel vaginal capsules
(Utrogestan, Besins, Iscovesco, C.T.S., Petach Tikva,
Israel) in three divided doses, or 180 mg micronized
progesterone vaginal gel (Crinone® 8 %, Merck Serono,
Herzelia, Israel) in two divided doses.
If no early signs of OHSS developed, one embryo was
transferred, and the patients are instructed to inject
1500 IU of HCG [21]. By deferring the hCG bolus by
3 days (5 days following GnRHa trigger), the corpus
luteum is rescued, with an observed extremely high midluteal progesterone levels [22], reasonable pregnancy
rate, with no patient developing severe OHSS. Moreover,
by deferring the hCG bolus, we are actually offering the
hCG to 80 % of the a priori at risk patients, who are not
supposed to develop severe early OHSS, while avoiding
hCG administration to the “real” 20–26 % [23, 24] patient at risk to develop severe early-OHSS.
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In cases where signs of early moderate OHSS appear,
the freeze all policy is recommended.
Patients not at risk to develop severe OHSS

Three different modes of concomitant administration of
both GnRHa and a standard bolus of hCG (5000–10,000
units) prior to oocyte retrieval were suggested, aiming to
improve oocyte and embryo quantity and quality and
the consequent IVF cycle outcome. Luteal support consists of progesterone only, in the forms of either 200 mg
micronized progesterone vaginal tablets (Endometrin,
Ferring-Lapidot, Israel) in two divided doses, 600 mg
micronized progesterone soft gel vaginal capsules (Utrogestan, Besins, Iscovesco, C.T.S., Petach Tikva, Israel) in
three divided doses, or 90 mg micronized progesterone
vaginal gel (Crinone® 8 %, Merck Serono, Herzelia,
Israel) once a day.
Standard hCG dose concomitant with GnRHa (dual
trigger), 35-37 h before oocyte retrieval is offered to normal responders patients, resulting in higher number of
oocytes retrieved [25], matured oocytes [25, 26] and
number of embryos cryopreserved [25, 27], with the
consequent significant increase in implantation [23],
clinical pregnancy and live-birth rates [25] and the number of patients who received at least one embryo of excellent quality [27], as compared with the hCG-only
trigger group [25–27].
GnRHa 40 h and standard hCG added 34 h prior to
OPU (double trigger), respectively are offered to two
group of patients demonstrating abnormal final follicular
maturation despite normal response to COH, those with
low (<50 %) number of oocytes retrieved per number of
dominant follicles > 14 mm in diameter on day of hCG
administration [28] and those with low proportion of
mature/ metaphase-II (MII) oocytes (<66 %) per number
oocytes retrieved [29]. In both groups, following the
double trigger, patients had significantly higher number
of oocytes retrieved, higher proportions of the number
of oocytes retrieved to the number of follicles >10 mm
and >14 mm in diameter on day of hCG administration,
higher number of MII oocytes and proportion of MII
oocytes per number of oocytes retrieved, with the
consequent significantly increased number of topquality embryos, as compared to the hCG-only trigger
cycles [28, 29]. This regimen was based on the assumption, that by prolonging the time between ovulation triggering and OPU and the GnRHa trigger with
the consequent simultaneous induction of an FSH
surge, the “double trigger” could overcome any existing
impairments in granulosa cell function, oocyte meiotic
maturation or cumulus expansion [30].
Standard hCG dose concomitant with GnRHa (dual
trigger), 34 h before oocyte retrieval should be offered
to poor responders patients. One of the major
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unnoticed concern in poor responders is the observed
high prevalence of premature luteinization\ovulation
[31, 32]. This may be overcome by early triggering of
final follicular maturation- while approaching a follicular size of 15–16 mm, and by shortening the duration between the trigger and OPU. However, since
shortening the interval between hCG priming and oocyte
retrieval may decrease the percentage of mature oocytes
[33], dual trigger (hCG and GnRHa) administered 34 h
prior to OPU will provide the additional improvement in
the number of oocytes retrieved to the number of follicles
>10 mm, and the proportion of mature oocytes should be
implemented [28, 29].

Conclusion
In the present opinion paper we suggested and discussed
a simplified approach to COH protocol, which combines
the benefits of the ultrashort flare GnRHa/GnRHant
protocol and the personalized tailored mode and timing
of triggering final follicular maturation in IVF patients.
Further studies are required to support this new concept
prior to its universal implementation to IVF practice.

Page 5 of 6

9.

10.
11.

12.

13.
14.

15.

16.

17.

18.
Abbreviations
COCS: combined oral contraceptives; COH: controlled ovarian hyperstimulation;
ET: embryo transfer; GnRHa: GnRH agonist; hCG: human chorionic
gonadotropin; IVF: in vitro fertilization; OHSS: ovarian hyperstimulation
syndrome.
Competing interests
The author declare that they have no competing interests.

19.

20.
21.

Received: 31 August 2015 Accepted: 20 October 2015
22.
References
1. Al-Inany HG, Youssef MAFM, Aboulghar M, Broekmans FJ, Sterrenburg MD,
Smit JG, et al. Gonadotrophin releasing hormone antagonists for assisted
reproductive technology. Cochrane Database Syst Rev. 2011;5:CD001750.
2. Orvieto R, Patrizio P. GnRH agonist versus GnRH antagonist in ovarian
stimulation: an ongoing debate. Reprod Biomed Online. 2013;26:4–8.
3. Griesinger G, Kolibianakis EM, Venetis C, Diedrich K, Tarlatzis B. Oral
contraceptive pretreatment significantly reduces ongoing pregnancy
likelihood in gonadotropin-releasing hormone antagonist cycles: an
updated meta-analysis. Fertil Steril. 2010;94:2382–4.
4. Orvieto R, Laufer N. Ultrashort flare GnRH-agonist/GnRH-antagonist protocol:
a valuable tool in the armamentarium of ovulation induction for IVF. Fertil
Steril. 2014;102:1554–5.
5. Orvieto R, Kruchkovich J, Rabinson J, Zohav E, Anteby EY, Meltcer S.
Ultrashort gonadotropin-releasing hormone agonist combined with
flexible multidose gonadotropin-releasing hormone antagonist for poor
responders in in vitro fertilization/embryo transfer programs. Fertil Steril.
2008;90:228–30.
6. Orvieto R, Nahum R, Rabinson J, Gemer O, Anteby EY, Meltcer S. Ultrashort
flare GnRH agonist combined with flexible multidose GnRH antagonist for
patients with repeated IVF failures and poor embryo quality. Fertil Steril.
2009;91:S1398–400.
7. Orvieto R, Meltcer S, Liberty G, Rabinson J, Anteby EY, Nahum R. A
combined approach to patients with repeated IVF failures. Fertil Steril.
2010;94:2462–4.
8. Orvieto R, Nahum R, Zohav E, Liberty G, Anteby EY, Meltcer S. GnRH-agonist
ovulation trigger in patients undergoing controlled ovarian
hyperstimulation for IVF with ultrashort flare GnRH-agonist combined with
multidose GnRH-antagonist protocol. Gynecol Endocrinol. 2013;29:51–3.

23.
24.

25.

26.

27.

28.

29.

Orvieto R, Rabinson J, Meltcer S, Gemer O, Anteby EY, Zohav E. Does
physicians’ experience influence in vitro fertilization success in patients
undergoing controlled ovarian hyperstimulation with GnRH antagonists?
Fertil Steril. 2008;89:736–7.
Orvieto R. Triggering final follicular maturation- hCG, GnRH-agonist or both,
when and to whom? J Ovarian Res. 2015;8:60.
Fritz MA, Speroff L. Regulation of the menstrual cycle. In: Clinical
gynecologic endocrinology and infertility. 8th ed. Philadelphia: Lippincott
Williams & Wilkins; 2011.
Casarini L, Lispi M, Longobardi S, Milosa F, La Marca A, Tagliasacchi
D, et al. LH and hCG action on the same receptor results in
quantitatively and qualitatively different intracellular signalling.
PLoS One. 2012;7:e46682.
Bosch E. Can we skip weekends in GnRH antagonist cycles without
compromising the final outcome? Fertil Steril. 2012;97:1299–300.
Smulders B, van Oirschot SM, Farquhar C, Rombauts L, Kremer JA. Oral
contraceptive pill, progestogen or estrogen pre-treatment for ovarian
stimulation protocols for women undergoing assisted reproductive
techniques. Cochrane Database Syst Rev. 2010;1:CD006109.
Barad DH, Kim A, Kubba H, Weghofer A, Gleicher N. Does hormonal
contraception prior to in vitro fertilization (IVF) negatively affect oocyte
yields? A pilot study. Reprod Biol Endocrinol. 2013;11:28.
Surrey ES, Bower J, Hill DM, Ramsey J, Surrey MW. Clinical and endocrine
effects of a microdose GnRH agonist flare regimen administered to poor
responders who are undergoing in vitro fertilization. Fertil Steril.
1998;69:419–24.
Keltz MD, Gera PS, Skorupski J, Stein DE. Comparison of FSH flare with and
without pretreatment with oral contraceptive pills in poor responders
undergoing in vitro fertilization. Fertil Steril. 2007;88:350–3.
Takahashi K, Mukaida T, Tomiyama T, Goto T, Oka C. GnRH antagonist
improved blastocyst quality and pregnancy outcome after multiple failures
of IVF/ICSI-ETwith a GnRH agonist protocol. J Assist Reprod Genet.
2004;21:317–22.
Orvieto R, Brengauz M, Feldman B. A novel approach to normal responder
patient with repeated implantation failures–a case report. Gynecol
Endocrinol. 2015;31:435–7.
The Practice Committee of the American Society for Reproductive Medicine
(ASRM). Ovarian hyperstimulation syndrome. Fertil Steril. 2008;90:S188–93.
Orvieto R. Ovarian hyperstimulation syndrome- an optimal solution for an
unresolved enigma. J Ovarian Res. 2013;6:77.
Haas J, Kedem A, Machtinger R, Dar S, Hourovitz A, Yerushalmi G, et al.
HCG (1500 IU) administration on day 3 after oocytes retrieval, following
GnRH-agonist trigger for final follicular maturation, results in high
sufficient mid luteal progesterone levels - a proof of concept. J Ovarian
Res. 2014;7:35.
Orvieto R, Ben-Rafael Z. Role of intravenous albumin in the prevention of
severe ovarian hyperstimulation syndrome. Hum Reprod. 1998;13:3306–9.
Seyhan A, Ata B, Polat M, Son WY, Yarali H, Dahan MH. Severe early ovarian
hyperstimulation syndrome following GnRH agonist trigger with the
addition of 1500 IU hCG. Hum Reprod. 2013;28:2522–8.
Lin MH, Wu FS, Lee RK, Li SH, Lin SY, Hwu YM. Dual trigger with
combination of gonadotropin-releasing hormone agonist and human
chorionic gonadotropin significantly improves the live-birth rate for
normal responders in GnRH-antagonist cycles. Fertil Steril.
2013;100:1296–302.
Griffin D, Feinn R, Engmann L, Nulsen J, Budinetz T, Benadiva C. Dual trigger
with gonadotropin-releasing hormone agonist and standard dose human
chorionic gonadotropin to improve oocyte maturity rates. Fertil Steril.
2014;102:405–9.
Decleer W, Osmanagaoglu K, Seynhave B, Kolibianakis S, Tarlatzis B, Devroey
P. Comparison of hCG triggering versus hCG in combination with a GnRH
agonist: a prospective randomized controlled trial. Facts Views Vis Obgyn.
2014;6:203–9.
Haas J, Zilberberg E, Dar S, Kedem A, Machtinger R, Orvieto R. Co-administration
of GnRH-agonist and hCG for final oocyte maturation (double trigger) in patients
with low number of oocytes retrieved per number of preovulatory follicles-a
preliminary report. J Ovarian Res. 2014;7:77.
Zilberberg E, Haas J, Dar S, Kedem A, Machtinger R, Orvieto R.
Co-administration of GnRH-agonist and hCG for final oocyte maturation
in patients with low proportion of mature oocytes. Gyn Endocrinol.
2015;31:145–7.

Orvieto Journal of Ovarian Research (2015) 8:69

Page 6 of 6

30. Beck-Fruchter R, Weiss A, Lavee M, Geslevich Y, Shalev E. Empty follicle
syndrome: successful treatment in a recurrent case and review of the
literature. Hum Reprod. 2012;27:1357–67.
31. Ben-Rafael Z, Orvieto R, Feldberg D. The poor-responder patient in an
in-vitro fertilization-embryo transfer (IVF-ET) program. Gynecol Endocrinol.
1994;8:277–86.
32. Martinez F, Barri PN, Coroleu B, Tur R, Sorsa-Leslie T, Harris WJ, et al.
Women with poor response to IVF have lowered circulating
gonadotrophin surge-attenuating factor (GnSAF) bioactivity during
spontaneous and stimulated cycles. Hum Reprod. 2002;17:634–40.
33. Wang W, Zhang XH, Wang WH, Liu YL, Zhao LH, Xue SL, et al. The time
interval between hCG priming and oocyte retrieval in ART program:
a meta-analysis. J Assist Reprod Genet. 2011;28:901–10.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

