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Abstract
Purpose Ovarian hyperstimulation syndrome (OHSS) represents a rare but dangerous condition associated with controlled 
ovarian stimulation (COS) in IVF/ICSI. Over the last decades, many strategies have been introduced into clinical practice 
with the objective of preventing this potentially life-threatening condition. Among these, the freeze-all policy has gained 
great popularity, thanks to improvements in vitrification. Nevertheless, not all clinics have adequate skills in vitrification 
procedures and patients may be dissatisfied with a longer time to pregnancy.
Methods This study is a systematic review and network meta-analysis of randomized controlled trials comparing different 
strategies of ovarian stimulation in IVF/ICSI cycles (freeze-all policy, algorithm-based individualization of the starting dose, 
experience-based individualization of the starting dose, standard dose) in terms of reduction of OHSS, in normal responders.
Results The results indicate that only the algorithm-based individualization of the starting gonadotropin dose reduces OHSS 
similarly to the freeze-all strategy.
Conclusion Albeit in the era of the freeze-all policy, the personalization of the starting gonadotropin dose obtained by the 
use of algorithms should be pursued as a valid and safe option for IVF.

Keywords Freeze-all policy · Algorithm-based individualization of starting gonadotropin dose · Normal responders

Introduction

Ovarian hyperstimulation syndrome (OHSS) represents 
a rare but dangerous condition associated with controlled 
ovarian stimulation (COS) during IVF/ICSI cycles, and its 
development is mainly mediated by hCG.

The incidence of this condition is variable between 0.2 
and 3%, depending on the cases series, but its real frequency 
is probably underestimated. The findings of the syndrome 
include ovarian enlargement, ascites, pleural effusion, 
hemoconcentration, hypercoagulability and electrolytic 

imbalance. OHSS is classified on the basis of the signs and 
symptoms as mild, moderate and severe. Once again, there 
is a great variability in the classification among different 
physicians, and this could explain the great inconsistency 
in the reported incidence rates. The last European Society 
of Human Reproduction and Embryology (ESHRE) report 
on ART procedures in Europe, referring to cycles performed 
by 39 participating countries in 2017, indicates an incidence 
rate of OHSS of 0.2% of all reported cycles [1].

Over the last decades, many strategies have been intro-
duced into clinical practice with the objective of preventing 
this potentially life-threatening condition: these include met-
formin pretreatment in women with polycystic ovary syn-
drome (PCOS), use of a gonadotropin-releasing hormone 
(GnRH) antagonist protocol for pituitary suppression, use of 
clomiphene citrate for controlled ovarian stimulation, use of 
dopamine agonists and use of progesterone for luteal phase 
support. These strategies are effective in reducing the occur-
rence of OHSS, while not influencing or even improving 
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pregnancy outcomes, as described by a recent overview of 
Cochrane reviews [2].

In the last years, the freeze-all policy, which is the 
freezing of all good-quality embryos and their progressive 
transfer in subsequent cycles, has gained great popularity. 
Data from the US Centers for Disease Control and Preven-
tion show that the proportion of frozen embryo transfers 
is increasing—from around 20% in 2005 to almost 50% in 
2014—while the proportion of fresh embryo transfer pro-
cedures following IVF and ICSI decreased correspondingly 
[3].

This increase was possible thanks to improvement in vit-
rification procedures as an alternative to the more traditional 
method of slow freezing. Vitrification uses higher concen-
trations of cryoprotectants and ultra-rapid cooling, lower-
ing the risk of ice nucleation and crystallization. It is now 
established that vitrification is much more efficient than slow 
freezing, regardless of the stage of embryo development [4].

Three recent meta-analyses indicated a significant OHSS 
reduction with elective frozen embryo transfer (eFET) when 
compared to fresh ET [5–7]. The reduction of OHSS and 
the demonstration that, in frozen cycles, the cumulative rate 
of live births (CLBR) constantly increases with the number 
of oocytes retrieved [8] resulted in a significant increase in 
freeze-all cycles. Consequently, a standardized ovarian stim-
ulation, in scheduled freeze-all cycles, seems to be replac-
ing the starting dose personalization, one of the historical 
cornerstones of the IVF cycles.

Nevertheless, not all IVF clinics are well-skilled in man-
aging vitrification, and the patients may be dissatisfied with 
a longer time to pregnancy correlated with the freeze-all 
policy. Additionally, some other negative aspects correlated 
with this strategy should be considered: a recent systematic 
review and meta-analysis, in fact, showed that the risk of 
pre-eclampsia increased with eFET in comparison with fresh 
embryo transfer (RR = 1.79; 95% CI: 1.03–3.09) [5].

Furthermore, the freeze-all policy does not completely 
eliminate OHSS, even if the oocyte maturation trigger is 
obtained with GnRH agonists [9].

Another practical approach for minimizing OHSS is the 
tailoring of the starting gonadotropin dose by using specific 
mathematical tools, such as algorithms and/or nomograms.

As already shown, when a fresh embryo transfer is sched-
uled, an optimal—rather than a maximal—oocyte yield is 
the preferred accomplishment after controlled ovarian stimu-
lation. In fact, live birth rates steadily increase when an opti-
mal number of oocytes is collected, whereas low response 
and hyper response are associated with lower implantation 
rates, increased obstetrical risks and, at least when consid-
ering hyper response, increased risk of OHSS in the fresh 
cycle [8, 10–12].

Indeed, choosing different doses of gonadotropins for dif-
ferent patients has represented for decades one of the most 

important clinical decisions in the planning of IVF cycles 
for infertile couples.

Commonly, the choice of the FSH starting dose is made 
in accordance with clinical history and the ovarian response 
to stimulation in previous IVF cycles. If no previous cycles 
have been performed, the choice will be based on such cri-
teria as women’s age and markers of ovarian reserve. Cur-
rently used markers of ovarian reserve include FSH, anti-
Müllerian hormone (AMH) and antral follicle count (AFC), 
with the last two biomarkers having the best performance in 
predicting ovarian response to exogenous FSH. The use of 
biomarkers of the functional ovarian reserve should define 
more patient-tailored dosing regimens that fulfil both the 
clinical efficacy and safety objectives for COS. Often, the 
evaluation of these functional markers is carried out by 
the physicians on the basis of their clinical experience. 
This way of personalizing the treatment is important, but 
we believe less precise and standardizable than a COS tai-
loring obtained with specific mathematical algorithms. A 
recent Cochrane review concluded that algorithms for dose 
individualization reduce the incidence of OHSS compared 
to standard dosing of 150 IU, although their use does not 
improve live birth rate [13].

In the freeze-all era, is the scenario presented above “a 
mere realm of the past”, as stated by Broekmans in 2019 
[14], or is there still room for a therapy based more on the 
specific characteristics of the patients?

The aim of this study is to conduct, for the first time, as 
far as we know, a meta-analysis of all available randomized 
controlled trials in order to make a comparison between four 
different strategies of COS (the freeze-all policy, the algo-
rithm-based individualization of the starting gonadotropin 
dose, the clinical experience-based individualization of the 
starting gonadotropin dose and the standard gonadotropin 
dose of 150 IU) in terms of reduction of OHSS, in a normal 
responder population.

Since there are no comparative studies between freeze-all 
and algorithm-based strategy to date, we have made an indi-
rect comparison thanks to the use of the statistical approach 
of the network meta-analysis.

Materials and methods

Search strategy and selection criteria

A systematic search, based on PubMed, Cochrane CEN-
TRAL and EMBASE databases, was conducted to identify 
potential study areas. We adhered to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
guidelines [15] and PRISMA extension for Network Meta-
analysis [16].
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The criteria for including the studies in the meta-analysis 
[16, 17] were the following: normal responder population; 
randomized design of the trials (RCTs); and combination 
of two or more of the subsequent interventions, which were 
freeze-all strategy, individualization of the starting dose 
based on algorithms, individualization of the starting dose 
based on clinical experience, or administration of a standard 
dose.

OHSS was considered as the primary outcome, while 
clinical pregnancy and live birth rates as secondary ones.

The individualization of the starting gonadotropin dose 
based on clinical experience is referred to a choice based on 
the experience of the physician generally depending on the 
woman’s age, AMH levels, AFC and response to gonadotro-
pins in any prior IVF cycle. The standard dose regimen is 
referred, instead, to a starting dose of gonadotropins of 150 
IU, independently of the basal characteristics of the patients.

For a complete analysis, the primary outcome included 
not only the actual cases of OHSS but also those in which 
a suspension of the treatment had been determined due to a 
serious risk of the syndrome itself.

Network meta-analysis relies on the transitivity assump-
tion that requires that all interventions compared are jointly 
randomizable, i.e. all interventions compared in a network 
meta-analysis should be clinically reasonable in a theo-
retical multi-arm RCT. Considering the types of treatment 
reported in the selected studies, we considered the transitiv-
ity assumption valid.

The present study was exempted from the Institutional 
Review Board approval, being a meta-analysis.

Data extraction and assessment of risk of bias

Electronic and manual search, from 1990 to August 2021, 
was first conducted to identify potential areas of study. After 
duplicates were removed, two researches (A. M. and S. G.) 
reviewed the studies independently, assessing the eligibility 
of all remaining citations. In the first screening, title and 
abstract were reviewed; in the second screening, the full 
texts of the potential studies were examined.

Any disagreement was resolved by discussion with a third 
reviewer (A.A.). Study quality was assessed by the two inde-
pendent reviewers (A.M. and S.G.) using the Cochrane risk 
of bias assessment tool [18]. Again, in cases of disagree-
ment, a third reviewer (A.A.) was asked in order to reach 
consensus. Assessment of quality included the following 
domains: randomization and sequence generation, alloca-
tion concealment, blinding of participants and outcome 
assessment, completeness of outcome data and selective 
outcome reporting. The Cochrane risk of bias assessment 
was performed in duplicate by two independent reviewers 
(Supplementary data, S1).

Statistical analysis

Network meta-analysis was conducted to simultaneously 
compare four different strategies of gonadotropin dosage. 
The network meta-analysis is a method that combines 
evidence from RCTs comparing different treatments for 
a given clinical population through direct and indirect 
estimates of the relative effect of each treatment [19]. 
The indirect comparison between the relative effects of 
two interventions (e.g. A vs B) is performed by compar-
ing them with a third common intervention (C) through 
a series of direct trials (e.g. trial of A vs C and trial of B 
vs C).

All network meta-analyses were conducted within a ran-
dom-effects multiple regression model and implemented in 
R (version 3.6.1). Where direct data were available, pairwise 
meta-analyses were performed trough the statistical pack-
age “metafor” (version 2.4-0, http:// www. metaf or- proje ct. 
org https:// github. com/ wviec htb/ me).

The network meta-analysis was carried out by using the 
frequentist model with the package “netmeta” (version 0.9-0, 
https:// cran. rproj ect. org/ web/ packa ges/ netme ta/ index. html).

The results were expressed in terms of prevalence, OR 
and 95% confidence intervals (CI).

Through the same package, we produced comparison 
adjusted funnel plots to explore publication bias or other 
small study effects for all available comparisons. Symmetry 
around the effect estimate line indicates the absence of pub-
lication bias or small study effects. In pairwise meta-anal-
yses heterogeneity was measured by the I2 statistic (range: 
0–100%); I2 with p value < 0.05 indicated the presence of 
significant variability of results across studies [20].

Descriptive analyses involving four covariates (total 
dose of gonadotropins, levels of oestradiol peak, number 
of retrieved oocytes, BMI) were carried out and shown in 
Supplementary data, S2.

We also assessed global statistical heterogeneity across 
all comparisons using the τ2 measure from the “netmeta” sta-
tistical package. The estimate of τ2 is based on the general-
ized DerSimonian-Laird method. Estimates of τ2 of approxi-
mately 0.04, 0.16 and 0.36 are considered to represent a low, 
moderate and high degree of heterogeneity, respectively. 
Inconsistency in the network analysis was firstly measured 
by generalized Cochran Q statistics as described by Krahn 
and colleagues [21]. Under the assumption that the indirect 
evidence must be consistent with the direct evidence, we 
also assessed inconsistency between direct and indirect esti-
mates by using the “netsplit” function in the R package net-
meta. Finally, the network heat plots have been calculated. 
These plots have grey squares, which represent the size of 
the contribution of the direct estimate in columns, compared 
with the network estimate in rows. The coloured squares 
around these represent the degree of inconsistency, with red 
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squares indicating “hotspots” of inconsistency that should be 
removed from the review (Supplementary data, S3).

We estimated the probability that each treatment was the 
most effective by calculating P score (possible rage: 0–1), 
which measures the mean extent of certainty that one man-
agement strategy is better than another, averaged over all 
competing strategies. Higher scores indicate a greater prob-
ability of the strategy being ranked as the best.

When we failed to find clear and conclusive evidence of 
low inconsistency, network meta-regression (NMR) analysis 
was used to investigate potential sources of inconsistency 
(Supplementary data, S4). NMR is an extension of network 
meta-analysis, which examines whether several treatment 
effects differ according to a covariate. NMR results con-
sist of, for each comparison, a treatment effect estimated at 
the covariate value zero (unadjusted model) and a regres-
sion coefficient for the treatment by covariate interaction 
(adjusted model). The models are commonly compared 

trough the deviance information criterion for which lower 
value indicates better model [22].

Results

Electronic and manual search yielded 655 citations. After 
the 62 duplicates were removed, two researches (A. M. 
and S. G.) reviewed the studies independently, excluding 
544 citations after the first screening. Thirty-six out of the 
remaining 49 potential studies were excluded after the sec-
ond screening (Fig. 1). This process left 13 randomized 
controlled trials that comprised 10,818 participants, 2,516 
of which for freeze-all strategy, 2,152 for algorithm-based 
treatment, 3,726 for experience-based treatment and 2,424 
treated with standard dose. All of these reported the inci-
dence of OHSS. The search strategy details are shown in 
Supplementary data, S5.

Fig. 1  Flowchart for the studies 
identification and selection 
process according to preferred 
reporting items for systematic 
reviews and meta-analyses 
guidelines

Records identified through 
database searching

(n=640)

Records identified through manual 
searching

(n=15)

Total records
(n=655)

Duplicates removed
(n=62)

Records screened by 
title and abstract

(n=593)

Records excluded after first 
screening
(n=544)

Full-text articles 
assessed for eligibility

(n=49)

Studies excluded
for reasons (n=36):

no RCT (10)
no individualized/freeze all treatment (10)

no OHSS outcome (7)
individualizations in both arms (3)

not normal responders (5)
patients at high risk OHSS (1)

Studies included
in qualitative and 

quantitative analysis 
(n=13)
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The study reported four different treatment strategies: 
freeze-all, individualization of the starting dose based on 
algorithms, individualization of the starting dose based on 
clinical experience and use of standard or non-individualized 
dose.

The details of the intervention arms for each study are 
described below.

Four out of the thirteen studies were referred to freeze-
all strategy [23–26], eight were referred to algorithm-based 
strategy [27–34], and one was referred to individualization 
of the starting dose based on AFC [35]. This last strategy 
was classified as an individualization policy based on clini-
cal experience.

With regard to the comparison groups, in the four studies 
referred to freeze-all strategy, the comparator was the indi-
vidualization strategy based on clinical experience. Among 
the eight studies referred to algorithm-based strategy, in six 
[27–29, 32–34], the comparator was the standard gonado-
trophin dose of 150 IU, whereas in two [30, 31], the com-
parator was the individualization strategy based on clinical 
experience.

In the last study [35], the comparison group was the 
standard gonadotrophin dose of 150 IU.

No studies directly compared freeze-all with algorithm-
based individualization strategies and freeze-all with stand-
ard dose strategies, while direct comparisons were found 
for all the remaining treatment pairs. According to the 
PRISMA extension for network meta-analyses [16], the 
geometry of the treatment network was illustrated by pro-
ducing a network plot (Fig. 2) with node and connection 
size corresponding to the number of study participants and 
number of studies, respectively.

In the four RCTs considering the freeze-all strategy as 
intervention group [23–26], a protocol with GnRH antag-
onists was used. The induction of oocyte maturation was 
obtained with recombinant chorionic gonadotropin [24], 
with urinary chorionic gonadotropin [23, 25], or with a 
gonadotropin-releasing hormone agonist [26].

Considering the eight trials focusing on the individuali-
zation algorithm-based of the starting dose, a long protocol 
with GnRH agonists was used in three [27, 28, 30], while in 
the remaining ones, a protocol with GnRH antagonists was 
used [29, 31–34]. In all these papers, a specific algorithm 
based on the ovarian reserve test was used for deciding the 
starting dose.

In more detail, the algorithms were based on:

• AFC, ovarian volume, ovarian stromal blood flow 
detected by Power Doppler (total Doppler score), age 
and smoking habits [27]

• Body weight and AMH [29, 31, 33, 34]
• Age, BMI, basal FSH level and AFC [28]

• Age, basal FSH level and AMH [30]
• AMH [32]

In the multicentre trial of van Tilborg et al. (2017) [35], 
protocols with GnRH agonists or antagonists were used both 
depending on the experience of each centre involved.

In six studies [29, 31–35], the individualized starting dose 
was maintained for the entire period of the stimulation. The 
induction of the oocyte maturation was obtained with rhCG 
or uhCG. In some studies, in selected cases, the GnRH ago-
nist was used for triggering the final oocyte maturation [29, 
31, 33, 34]. Table 1 reports the main characteristics for each 
study.

Descriptive analysis, obtained by pooling data across 
studies of the distinct categories, showed that the total dose 
of gonadotropins was on average 1,759.31 (± 559.76) IU for 
participants in the freeze-all group; 1,111.89 (± 377.52) IU 
for participants who received algorithm-based individual-
ized strategy; 1,697.68 (± 459.33) IU for participants who 
received individualized treatment based on clinical expe-
rience; and 1,948.84 (± 354.04) IU for those treated with 
a standard dose. Levels of the oestradiol peak were not 
reported in five out of the thirteen RCTs [26, 29, 31, 32, 35]; 
for the remaining studies, the peak of oestradiol, on average, 
showed a value of 2,064.82 (± 1297.53) pg/ml in freeze-all; 

E

F

A 

S

Fig. 2  Network plot of treatment strategies. Options: F = Freeze-all 
strategy; E = individualized treatment based on clinical Experience; 
A = individualized treatment based on Algorithms; S = treatment 
with Standard dose. The size of the nodes represents the number of 
women randomized to each treatment option, and the thickness of the 
lines represents the number of randomized trials with head to head 
comparison between each treatment option
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1 3

a value of 1,845.15 (± 867.23) pg/ml in algorithm-based 
individualized strategy; a value of 2,046.54 (± 1398.44) pg/
ml in experience-based strategy; and a value of 2,217 (± 
1331.32) pg/ml in standard dose. The number of oocytes 
retrieved was 13.20 (± 5.32) for freeze-all, 9.55 (± 5.27) 
for algorithm-based individualization, 12.70 (± 4.38) for 
experience-based strategy and 11.33 (± 6.11) for standard 
dose. The BMI (Kg/m2) was 21.94 (± 2.61), 22.00 (± 2.93), 
21.09 (± 2.64) and 21.97 (± 2.85) in average, respectively, 
for freeze-all, algorithm-based, experience-based and stand-
ard dose treatment (see Supplementary data, S2).

Lastly, the duration of stimulation was 9.42 days in 
freeze-all, 9.7 days in the algorithm-based strategy, 9.43 
days in the experience-based strategy and 9.26 days in stand-
ard dose.

Risk of bias

The quality of included studies was overall moderate to 
good. Due to the nature of the treatments, which makes 
blinding of participants non-feasible, risk on this domain 
was assessed as unclear (9 studies; 70%) when not otherwise 
specified in 4 studies [27, 28, 30, 35]. In the other domains, 
the percentage of studies with unclear risk of bias was less 
than 10% for incomplete outcome and 15% for blinding 
outcome; high risk was found in 15% of studies regarding 
selective reporting and in 30% of cases regarding blinding 
outcome. Specifically, all the 13 studies included had a low 
risk of bias for randomization and for allocation conceal-
ment. Detection assessment (i.e. selective reporting) was 
judged to have a low risk of bias in 11 studies and was con-
sidered high in two studies [27, 29]; all the studies had a low 
risk of bias in outcome reporting (i.e. incomplete outcome) 
with the exception of one [31], where the risk of bias was 
unclear. The risk of blinding outcome was considered high 
in four RCTs [27, 28, 30, 35] and unclear in four [23, 25, 26, 
32]; in the remaining studies, the risk was low. No potential 
conflict of interest was explicitly declared in two studies [30, 
32]. A summary of risk of bias assessment in included trials 
is provided in Supplementary data, S1.

Primary outcome

OHSS rate

Regarding the primary outcome (OHSS), the thirteen studies 
showed little and non-significant level of heterogeneity (τ2 = 
0.014; Q = 9.36, df = 9, P = .405) and the level of inconsist-
ency among designs (I2 = 0.1% [0.0–60.2%]) was found to 
be not significant after applying the Q statistics (Q = 0.02, 
df = 1, P = .898). Assessment of inconsistency, carried out 
also through comparison of direct and indirect evidence, 
revealed no significant difference between the two estimates Ta
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(z = .059, P = 0.953), and the network heat plot had no red 
“hotspots” of inconsistency (Supplementary data, S3).

The ranking P score for OHSS risk was: freeze-all strat-
egy (0.950), individualization algorithm-based (0.708), indi-
vidualization experience-based (0.183) and standard dose 
(0.159).

Direct comparisons

Results showed that individualized algorithm-based strat-
egy showed significantly lower risk of hyperstimulation 
syndrome than standard dose treatment (6 studies [27–29, 
32–34]; OR = 0.54, 95% CI 0.42–0.69) and non-significant 
lower risk than women in the experience-based group (2 
studies, [30, 31]; OR = 0.57, 95% CI 0.29–1.10).

In the other direct comparisons, women who received 
treatment based on clinical experience had significantly 
higher risk of OHSS in comparison with the freeze-all group 
(4 studies, [23–26]; OR = 2.83, 95% CI 1.54–5.20), while 
the risk in individualized experience-based treatment was 
found to be not significantly different from standard dose 
treatment (1 study [35]; OR = 1.03, 95% CI 0.39–2.73) 
(Fig. 3).

Indirect comparisons

Estimates from indirect comparison between freeze-all and 
individualized algorithm-based strategy showed there were 
no significant differences between these two strategies (OR 
= 1.57, 95% CI 0.69–3.56). Also, the indirect comparisons 
between algorithm-based and clinical experience-based 
strategies (OR = 0.52, 95% CI 0.19–1.44) and between 
algorithm-based strategy and standard dose (OR = 0.58, 
95% CI 0.18–1.89) were found not significant.

Indirect comparison between clinical experience-based 
strategy and standard dose (OR = 0.95, 95% CI 0.47–1.93) 
resulted not significant, while the comparison between 
freeze-all and standard dose showed a lower significant 
risk of OHSS in favour of “freeze-all” (OR = 0.35, 95% CI 
0.15–0.80) (Fig. 3).

Moreover, network estimate combines the contribution 
of direct and indirect evidence and allowed us to control 
for inconsistency in the estimates of individual compari-
sons. It is noteworthy to point out that network estimate 
showed a significant lower risk of OHSS for algorithm-
based strategy in comparison with experience-based treat-
ment (OR = 0.55, 95% CI 0.32–0.96) and with standard 

Fig. 3  Direct and indirect com-
parison of OHSS between the 
different strategies

Algorithm vs. experience 

Algorithm vs. freeze-all 

Algorithm vs. standard dose 

Experience vs. freeze-all 

Experience vs. standard dose 

Freeze-all vs. standard dose 
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dose (OR = 0.54, 95% CI 0.42–0.69). For the other com-
parisons, network estimates confirmed the results of direct 
and indirect estimates.

Overall, the results suggest that freeze-all and algorithm-
based treatments are more effective in comparison with the 
other two approaches in reducing risk of OHSS and not sig-
nificantly different from each other.

Secondary outcomes

Live birth rate (LBR)

Eleven out of the thirteen studies reported rates of live birth 
[23–26, 28, 29, 31–35]. Overall, these studies comprised 
2,516 participants for the freeze-all policy, 2,152 for the 
individualized algorithm-based strategy, 3,726 for the indi-
vidualized clinical experience-based strategy and 2,424 for 
the standard dose. When data were pooled, there was a low, 
but statistically significant, level of statistical heterogeneity 
within studies (τ2 = 0.046; Q = 25.36; P = 0.001) and a level 
of inconsistency between studies of I2 = 66.10% (95% CI 
31.2–83.3%) was found to be not significant after applying 
the Q statistics (Q = 0.30, df = 1, P = .583). Assessment of 
inconsistency carried out also through comparison of direct 
and indirect evidence revealed no significant difference 
between the two estimates (z = −0.299, P = 0.765), and the 
network heat plot showed no red “hotspots” of inconsistency 
(Supplementary data, S3).

Individualized strategy based on algorithm was ranked 
first (P score = 0.693), followed by freeze-all strategy (P 
score = 0.664), standard dose strategy (P score = 0.366) and 
clinical experience (P = 0.278). Direct comparisons showed 
that LBR did not reveal significant differences in any of the 
four comparison pairs: algorithm-based vs clinical experi-
ence-based individualization (1 study, OR = 1.07, 95% CI 
0.63–1.83), clinical experience-based individualization vs 
freeze-all (4 studies, OR = 0.88, 95% CI 0.69–1.13), algo-
rithm-based individualization vs standard dose (5 studies, 
OR = 1.13, 95% CI 0.87–1.47) and clinical experience-based 
vs standard dose (1 study, OR = 0.93, 95% CI 0.58–1.46). 
Similarly, indirect estimates showed no significant difference 
in all the five comparison pairs: algorithm-based vs clini-
cal experience-based individualization (OR = 1.22, 95% CI 
0.72–2.07), algorithm-based individualization vs freeze-all 
(OR = 1.01, 95% CI 0.65–1.58), algorithm-based individu-
alization vs standard dose (OR = 0.99, 95% CI 0.49–2.01), 
experience-based individualization vs standard dose (OR = 
1.05, 95% CI 0.58–1.90) and freeze-all vs standard dose (OR 
= 1.10, 95% CI 0.71–1.71) (Fig. 4). Network estimates con-
firmed the results of direct and indirect estimates indicating 
that there were no significant differences among all the four 
strategies.

Clinical pregnancy rate (CPR)

All the thirteen RCTs reported CPR. When data were 
pooled, there was a low but significant level of statistical het-
erogeneity within studies (τ2 = 0.051; Q = 30.30; p < 0.01); 
with a level of inconsistency I2 = 67.30% (38.4–82.6%), it 
was found to be not significant after applying the Q statistics 
(Q = 0.25, df = 1, p = .615). Assessment of inconsistency 
carried out also through comparison of direct and indirect 
evidence revealed no significant difference between the two 
estimates (z = −0.251, p = 0.802), and the network heat plot 
showed no red “hotspots” of inconsistency (Supplementary 
data, S3).

Freeze-all strategy was ranked first (P score = 0.708) 
followed by algorithm-based individualization (P score 
= 0.624), standard dose treatment (P score = 0.361) and 
clinical experience-based (P score = 0.306) individualiza-
tion. Direct comparisons showed that CPR did not reveal 
significant differences in any of the four comparison pairs: 
algorithm-based vs experience-based individualization (2 
studies, OR = 1.04, 95% CI 0.67–1.62), algorithm-based 
individualization vs standard dose (6 studies, OR = 1.10, 
95% CI 0.86–1.41); clinical experience-based individualiza-
tion vs freeze-all (4 studies, OR = 0.87, 95% CI 0.68–1.13) 
and clinical experience-based individualization vs standard 
dose (1 study, OR = 0.93, 95% CI 0.57–1.51). Similarly, 
indirect estimates showed no significant difference in the 
following comparison pairs: algorithm-based individualiza-
tion vs freeze-all (OR = 0.96, 95% CI 0.63–1.47), algorithm-
based vs clinical experience-based individualization (OR = 
1.19, 95% CI 0.69–2.06), algorithm-based individualization 
vs standard dose (OR = 0.96, 95% CI 0.50–1.86); freeze-all 
vs standard dose (OR= 1.13, 95% CI 0.73–1.74) and clinical 
experience-based individualization vs standard dose (OR= 
1.06, 95% CI 0.64–1.75) (Fig. 5). Network estimates con-
firmed the results of direct and indirect estimates indicating 
that there were no significant differences among all the four 
strategies.

Network meta‑regression (NMR)

Although analysis of inconsistency provided evidence of 
low inconsistency between studies for the primary out-
come (OHSS), it did not produce similar conclusive evi-
dence regarding the other two outcomes (LBR and CPR). 
In order to explore potential influence of patient’s charac-
teristics on these outcomes, NMR models included main 
effects and interaction terms for the three available poten-
tial effect modifiers: number of retrieved oocytes, BMI and 
total dose of gonadotropins. Level of oestradiol peak was not 
included due to missing data. Results showed that the intro-
duction of such moderators did not significantly produce 
better fit in comparison with the unadjusted model neither 
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for LBR  (DICunadj = 39.7,  DICret_ooc = 39.9,  DICbmi = 40.3, 
 DICt_dos= 42.7) nor for CPR  (DICunadj = 46.2,  DICret_ooc = 
49.0,  DICbmi = 47.7,  DICt_dos = 49.7). All the 95% credible 
interval for the regression coefficient included zero showing 
that adjusting for retrieved oocytes, BMI and total dose did 
not explain substantial amounts of heterogeneity in the data. 
Outputs of NMR were shown in Supplementary data, S4.

Discussion

The present systematic review and network meta-analysis 
indicates that, in normal responders, both the algorithm-
based individualization of the starting gonadotropin dose 
and the freeze-all strategy show a similar significant effect 
in reducing OHSS when compared with conventional 
treatments.

This is one of the main results of the present network 
meta-analysis. Another important point to be underlined is 
that only the individualized algorithm-based strategy for 
the starting dose reduces the OHSS risk in a similar way 
to freeze-all strategy. In fact, the individualization of the 

starting dose obtained through the experience of the physi-
cian, also using the ovarian reserve markers without a math-
ematic tool, and a standard dosage of 150 IU are associated 
with a higher significant OHSS risk in comparison with the 
freeze-all strategy. Furthermore, the algorithm-based strat-
egy significantly reduces the OHSS risk if compared with 
the standard dose (direct estimates) and with the clinical 
experience strategy (network estimates).

Indeed, albeit in the era of the freeze-all policy, the per-
sonalization of the starting gonadotropin dose obtained by 
using specific mathematic tools should be considered a safe 
and valid option during an IVF program.

We are aware that the freeze-all policy has represented a 
great improvement in the management of an IVF cycle, apart 
from the reduction of OHSS, also for the improvement of 
the cumulative live birth rate with a single operation [8, 36].

Nevertheless, the possibility of carrying out the fresh 
embryo transfer may be considered more physiologic by 
some patients, and, usually, women are more likely to 
become pregnant and have a live birth in the shortest time. 
Couples who undergo an IVF cycle have the expectation that 
the cycle will end with the transfer of fresh embryos and, 

Fig. 4  Direct and indirect 
comparison of live birth rate 
between the different strategies

Algorithm vs. experience 

Algorithm vs. freeze-all 

Algorithm vs. standard dose 

Experience vs. freeze-all 

Experience vs. standard dose 

Freeze-all vs. standard dose 
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possibly, with a pregnancy. The freeze-all strategy is often 
seen as a delay in reaching the coveted goal. In fact, it is pos-
sible that the pregnancy may occur, on average, a longer time 
after the egg collection, in comparison with the fresh ET. 
Furthermore, when a fresh embryo transfer is scheduled, it is 
also possible that supernumerary embryos may be frozen for 
subsequent transfers, and, as described in the meta-analysis 
by Zaat et al. [7], freeze-all strategy is not superior to con-
ventional strategy (ET fresh + frozen) in terms of cumula-
tive live birth rate and ongoing pregnancy rate.

Additionally, in a recent study, it was observed that a pro-
longed storage time after vitrification negatively impacts on 
clinical pregnancy and live birth rates [37].

For all these reasons, we believe that the algorithm-based 
individualization of the starting dose followed by a fresh 
embryo transfer could not be considered a simple “realm of 
the past”, as stated by Broekmans [14]. As a further dem-
onstration of how important it is still considered to identify 
the correct starting dose of gonadotropins through a mathe-
matical model, a very recent prospective observational study 
has been published including BMI, AMH and AFC as inde-
pendent factors predictors of starting dose [38]. Moreover, 

another recent retrospective, observational cohort study 
validated a nomogram for predicting the number of oocytes 
retrieved in COS cycles [39].

To date, as far as we know, no direct comparison between 
the algorithm-based individualization of the starting gon-
adotropin dose and the freeze-all policy has been performed; 
therefore, we conducted a network meta-analysis of all avail-
able randomized controlled trials which compared these two 
different strategies with conventional treatments. Network 
meta-analysis represents a credible way to test the effective-
ness of different management strategies, even in the absence 
of trials making direct comparisons, and may arrange the 
treatment strategies to inform clinical decision making. The 
additional value of our meta-analysis is that we distinguished 
between an individualization of the starting dose based on 
algorithms by individualization based on the experience of 
the physician, demonstrating superiority in terms of safety 
of the first treatment in comparison with the second one.

This systematic review was performed according to the 
PRISMA statement, thereby securing a high methodologi-
cal quality. The total number of patients treated with one 
of the two strategies compared was above 4,000, thereby 

Fig. 5  Direct and indirect com-
parison of clinical pregnancy 
rate between the different 
strategies Algorithm vs. experience 

Algorithm vs. freeze-all 

Algorithm vs. standard dose 

Experience vs. freeze-all 

Experience vs. standard dose 

Freeze-all vs. standard dose 
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minimizing the effect of statistical heterogeneity corre-
lated with small samples.

All the studies included were randomized, controlled 
trials, considering a population of normal responders. 
We decided to exclude patients at the two “extremes” 
of ovarian response (poor and high ovarian reserve). 
Patients affected by polycystic ovarian syndrome were 
also excluded. The reason for not considering patients 
defined as hyper-responders was dictated by the fact that 
in high responder patients, the freeze-all strategy, with 
the use of the GnRH agonist for the induction of oocyte 
maturation, is recommended [40]; thus, the fresh embryo 
transfer in this specific category of patients should be 
avoided, in order to minimize OHSS and considering also 
the improvement in live birth rate with the frozen embryo 
transfer [6]. On the contrary, the poor responders obvi-
ously do not experience OHSS, and therefore, they are 
outside the aim of the present study.

Our results are in line with the published literature. We 
showed that the freeze-all strategy reduces the incidence of 
OHSS in comparison with the fresh ET, as already indicated 
by two meta-analyses [5, 7]. In the same way, the algorithm-
based individualization of the starting gonadotropin dose 
reduces the occurrence of OHSS in comparison with a stand-
ard dose as described in a recent meta-analysis [13].

The main novelty of our meta-analysis, differently from 
those described above, is that for the first time as far as we 
know, we tried to systemize the different approaches of ovar-
ian stimulation which are generally not distinct in terms of 
strategies.

Important new information is added in the field through 
the fact that women who received a starting dose based on 
clinical experience had a significant higher risk of OHSS 
in comparison with the freeze-all group, with no differ-
ence being found between freeze-all and the individualized 
dose based on algorithms, demonstrating indirectly that the 
combination of different predictive factors in a mathematic 
model allows to establish the starting dose more objectively. 
Furthermore, the identification of a statistical significance in 
the network estimates between algorithm-based and clinical 
experience-based strategies for OHSS risk opens the pos-
sibility to better analyze this aspect in RCT focused on this 
intriguing feature.

In the studies focusing on the freeze-all policy, the trig-
ger of oocyte maturation was induced by hCG, except in 
the study by Stormlund et al. (2020) [26]. Consequently, 
the described cases of OHSS, in the freeze-all group, are 
expressions of early-onset OHSS.

The induction of oocyte maturation with hCG may, thus, 
represent a reason for caution in the expression of the results 
of the present study, considering that the freeze-all policy is, 
in very recent times, often carried out with the induction of 

the final oocyte maturation by GnRH agonists, probably with 
a lower incidence of OHSS.

Nevertheless, we must not forget that, worldwide, in 
routine clinical activity, a long GnRH agonist protocol is 
frequently used in a normal responder population, and this 
obliges one to use hCG for triggering. Furthermore, the use 
of GnRH agonists for an ovulation trigger may not always 
be applicable, since some patients show abnormally low LH 
levels during late follicular phase, and this has a detrimental 
effect on oocyte maturation, ending up with the empty folli-
cle syndrome [41]. Moreover, the latest guidelines provided 
by ESHRE [40] indicate in the predicted normal responders 
the use of hCG for the induction of the final oocyte matura-
tion, in all kinds of stimulation protocol.

Additionally, when also using GnRH agonists for trig-
gering, cases of severe OHSS have been reported [9, 42], 
probably correlated to the GnRH receptor, FSH receptor, or 
LH receptor gene mutations.

Considering the analyses for the secondary outcomes, 
no difference was observed for live birth rate and clinical 
pregnancy rate. For the freeze-all strategy, this is in line 
with the meta-analyses by Bosdou et al. (2019) [6] and Zaat 
et al. (2021) [7] and contradicts the meta-analysis by Roque 
et al. (2019) [5] where a positive effect of eFET in live birth 
rate was indicated. Concerning this latter study, the authors 
themselves noted that, after exclusion of a PGT-A study, low 
quality evidence indicated that there were no differences in 
LBR through the use of eFET in preference to fresh ET in 
the overall (non-PGT-A) population undergoing IVF/ICSI.

In the paper by Bosdou et  al. (2019) [6], a positive 
effect of frozen ET was only observed in hyper-respond-
ers. The reason for this effect in hyper-responders may be 
due to the impairment of endometrial receptivity which a 
sustained ovarian stimulation might exert in a fresh cycle. 
Indeed, the development of the endometrium, in a subse-
quent cycle, under less intensive preparation regimens may 
provide a more favourable uterine environment for embryo 
implantation.

We might hypothesize that, in normal responders, espe-
cially so if the gonadotropins dose is individualized through 
an algorithm, the effect of supra-physiological oestradiol 
levels is much less pronounced.

We must highlight, however, that in the studies consid-
ered for the present meta-analysis, only the first frozen ET 
was considered, thus not including the others possible fro-
zen ET which could, as widely demonstrated, improve the 
cumulative live birth rate.

For the algorithm-based individualization strategy, the 
absence of an improvement in the success outcomes of IVF 
led many physicians to not consider it in favour of a stand-
ardized dose.

We should emphasize that the primary objective of the 
individualization of the gonadotropin dose is to improve the 
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safety of the ovarian stimulation, rather than increase the 
live birth rate.

Another aspect which should be emphasized is that 
the freeze-all policy may be linked with certain concerns. 
Although most obstetrical and perinatal outcomes seem to 
be better when following a FET, some evidence supports 
the fact that FET may be associated with an increased inci-
dence of large-for-gestational-age in singletons. Further-
more, evidence suggest that the risk of pre-eclampsia and 
pregnancy-complications is higher with FET than with fresh 
ET [5, 7]. A possible explanation for the increased risk of 
pre-eclampsia, proposed by Roque et al. (2019) [5], may 
be linked to endometrial priming with estrogens performed 
during artificial FET cycles. No difference was observed for 
miscarriage and ectopic pregnancy rates.

Furthermore, the “sine die” cryopreservation of the 
embryos implies ethical and legal concerns (in some coun-
tries, such as Italy) which should be taken in consideration.

Some limitations and reasons for caution are presented 
in this paper. The main limitation is due to the fact that the 
comparison of the studies was indirect because no pub-
lished study directly compared the freeze-all strategy with 
the algorithm-based individualization of the starting dose. 
For this reason, randomized controlled trials comparing the 
freeze-all policy and the algorithm-based individualization 
strategy are necessary. Moreover, in the studies selected, 
the definition of normal responders, albeit similar, was not 
exactly the same.

In conclusion, the demonstration that an algorithm-based 
individualization strategy is equivalent to freeze-all policy 
in preventing OHSS is good news. In our opinion, there has 
been a great misunderstanding with the concept of person-
alization of the starting dose of gonadotropins, whose goal 
is not to increase the rate of live births (in this sense, prob-
ably, the embryology laboratory has a much greater role) 
but to improve the safety of the treatments. This goal may be 
achieved when a mathematical tool is used for tailoring the 
starting dose. The experience of the physicians alone, even 
based on ovarian reserve markers and the age of the woman, 
does not seem to be useful in reducing OHSS risk.

Furthermore, the role of modulating the starting dose 
of gonadotropins is much more significant when a GnRH 
agonist protocol is used, because the induction of oocyte 
maturation, in this case, may be obtained only by hCG, with 
the possibility of early-onset OHSS, even in the case of a 
freeze-all program.

Finally, we do not want to lean towards one option rather 
than the other, but we must emphasize that in cases where 
the freeze-all strategy is not desired or cannot be carried 
out, the personalization of the initial dose of gonadotropins, 
obtained by the use of specific algorithms based on the 
markers of ovarian reserve, should be pursued.

Even more than for the other branches of medicine, in 
reproductive medicine “primum non nocere” must represent 
the polar star for physicians. The concept of “more oocytes 
is better”, which determines the use of more gonadotropins, 
as observed in freeze-all cycles, may be associated with 
important health concerns, apart from the OHSS, such as 
ovarian torsion and thromboembolic events, which although 
rare occur mainly when 15 or more oocytes are retrieved 
[43].

Therefore, the results of this systematic review and net-
work meta-analysis must be kept in mind when the physician 
is scheduling an ovarian stimulation.
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tary material available at https:// doi. org/ 10. 1007/ s10815- 022- 02503-2.
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