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Abstract 
Background: Answering the question of what is the optimal protocol for 
monitoring controlled ovarian stimulation (COS) still remains a challenge. 
The rapid introduction of new diagnostic methods and various components 
of telemedicine makes it possible to reduce the number of patient visits dur-
ing ovarian stimulation, which will reduce the loss of time, costs, and risk for 
the patient from COVID-like situations. Methods: The different COS moni-
toring protocols are examined, thus proposing a new approach consisting of 
two successive phases. Results: In the first phase, E3G in urine samples is be-
ing examined, which is performed by the patient themselves with a small 
portable analyzer. Based on the results, the specialist prescribes the doses for 
stimulation. The second phase involves one single determination of the size 
and number of follicles at the end of stimulation, using TVUS, as well as the 
dynamics of serum levels of P4 and E2. This proves to be in many cases suffi-
cient. Conclusions: It is of our opinion that on the basis of new diagnostic 
tests such as E3G in urine and telemedicine, patients are able to indepen-
dently and actively participate in the treatment process. This new approach to 
COS monitoring can be successfully implemented in different protocols for 
ovarian stimulation. 
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1. Introduction 

Any innovation in assisted reproduction aims to increase the success rate of the 
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method and to decrease the risks and costs for the patients. For over 40 years, 
the success rate of in vitro technologies has increased many times: in the first 
couple of years with less than 10%, currently more than 50% in a specific group 
of patients. The reason for such a rapid increase is the improvement in lab con-
ditions and cultivation media, the application of newer methods and technolo-
gies, like PGD/PGS, vitrification of reproductive cells and tissue, determination 
of an implantation “window”, etc. Last, but not least, the success of IVF tech-
nologies is also due to the implementation of new medicine and stimulation 
protocols of the ovary in order to aspirate oocytes of optimal quality and quan-
tity and to reduce risk of serious complications, such as ovarian hyper stimula-
tion syndrome (OHSS). 

2. Monitoring of Controlled Ovarian Stimulation (COS)  

A substantial part of the stimulation protocol is the monitoring of follicle, hor-
mone, and endometrium growth during gonadotropin application. The phrase 
“monitoring” refers to “close, ongoing surveillance.” The goal of monitoring is 
to assist the physician in selecting the most appropriate protocol or modifying 
the dose and/or method for the protocol currently being used, in order to 
achieve the best possible outcome and avoid therapy or procedure-related prob-
lems. Transvaginal ultrasound (TVUS) measurements of follicle growth, com-
bined with close monitoring of circulating reproductive hormones, including es-
tradiol, LH, and progesterone levels, are the standard basic monitoring tools in 
most IVF clinics for controlled ovarian stimulation (COS) during IVF procedure 
(Figure 1). 

A question arises: what is the place and usefulness of the stimulation protocol 
in every one of the listed examinations and tests? Confino [1] et al. determine 
that an efficacy of 88% was observed in GnRH-agonist protocol, with separate 
TVUS measurement of follicular growth, in comparison to combined TVUS 
with estradiol (E2), luteinizing hormone (LH), and progesterone (P4). The fol-
licle sonography does not succeed in foreseeing inadequate E2 levels in 8% of  
 

 
Figure 1. A standard protocol of controlled ovarian stimulation (COS) monitoring. 
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cases, while in 3% of patients, a preliminary LH increase was observed. Accord-
ing to other authors, the inclusion of examining changing E2 levels with the ul-
trasound exam during stimulation radically changes the ovulation trigger and 
does not increase the percentage of pregnancies or risk of ovarian hyper stimula-
tion syndrome (OHSS). This applies to the so-called norm group of patients, 
using down-regulation protocol [2]. 

Analyzing six randomized controlled trials (RCTs), examining 1515 cases, the 
authors summarize that COS monitoring only by ultrasound has a small chance 
to have a significant increase of clinical pregnancy rates. The number of ob-
tained oocytes was similar to that of combined monitoring with ultrasound and 
hormonal tests [3]. 

Another article concludes that the results above should be analyzed with in-
creased caution, as the quality of evidence is very low for all comparisons. The 
limitations include inaccuracies due to the small group of patients, important 
clinical results were not taken into consideration, not all patient data was sam-
pled, examination methods were poorly described, and/or clinical heterogeneity 
was absent. The analysis concludes that, at least in women with an increased risk 
of OHSS, a combined monitoring protocol should remain, due to the low quality 
and quantity of contemporary data [4]. 

Analyzing the discussions, it can be concluded that the optimal monitoring of 
COS is still being studied. The search for new methods and strategies to optimize 
COS monitoring, including elements of telemedicine, continues.  

3. Telemedicine and COS Monitoring  

During the last couple of years, a new medical technology has garnered interest: 
telemedicine, healthcare provided by telecommunication means [5]. Although 
much is being published regarding telemedicine in the fields of cardiology, di-
abetics, dermatology, and common practice, not much is being researched in re-
productive medicine [6] [7]. For obvious reasons, interest has gone up in a very 
short period of time due to the recent COVID-19 pandemic. Telemedicine has a 
place in fertility treatment through the means of in vitro technologies. This can 
decrease the cost of treating patients. Pharmaceutical and procedure costs are 
well-known and can be accounted for in the budget. The side costs aren’t few, 
however, and can prove difficult to foresee. The direct non-medical costs and 
indirect costs of IVF treatment represent ~45% - 52% of the total cost [8]. A 
study by Wu et al. [9] shows that only the time costs of performing the whole 
procedure is 162 hours. Another study [10] proves that, depending on the dis-
tance to the clinic, patients can spend anywhere between 15 to 75 hours for trips, 
with the main costs being food and accommodation, in the range of 104 - 703 
Euro. 

A successful example of IVF telemedicine is the monitoring of the ovarian re-
sponse by Gerris, et al. [11], which created a new method of self-operated endo-
vaginal telemonitoring (SOET), enabling patients to perform vaginal sonogra-
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phies from the comfort of their own homes. This gives the patient the option not 
to come to the clinic as often. Applying telemedicine elements through SOET in 
COS monitoring during IVF treatment saves the patients and their partners time 
and costs. Structured communication per email or other means allows the pa-
tient to be treated in a clinic of their choice, due to the remote nature of the 
procedure. This increases patient autonomy.  

4. COSSESU: A New Approach 

The combined COS monitoring protocol suggested by us, the so-called Con-
trolled ovarian stimulation by self-determination of estrone-3-glucuronide and 
single ultrasound (COSSESU), has the same objectives. It includes two main 
components. The first one is based on determining E3G levels in urine by the 
patient themselves, from their own homes. It is well-known that an increase of 
E3G levels correlates with increase in E2 and follicle growth during COS [12]. 
The goal of determining E3G/E2 levels is to establish follicle growth dynamics 
and to observe the ovarian response. On the basis of those results, gonadotro-
phin dosage will be regulated, respectively: either increased, decreased, or un-
changed [13]. The second component, which is in the end of the stimulation, in-
cludes a single TVUS examination of follicle and endometrium growth, as well 
as a single determination of E2 and P4 levels.  

In COSSESU, some telemedicine elements are being used, like self-examination 
of E3G levels in urine samples. This is done by the patient themselves with a 
small portable analyzer. The results are sent to the clinic for analysis. Instruc-
tions concerning the correct dosage follow. In the patient survey, only 3 out of 
34 interviewed couples shared concerns of whether they will manage to deter-
mine E3G levels by themselves. Couples shared that the main benefits are saving 
time, money, decreased risk of COVID-19 infection, and mitigating the stress 
caused by the often performed venipunctures. 

The method is based on a different strategy and philosophy of COS monitor-
ing. It is established that during the first 7 - 10 days of gonadotropin stimulation, 
indirect methods for evaluating the follicle growth dynamic, without the usage of 
TVUS technology, can be used. It is well-known that a dynamic change in serum 
E2 levels is present during COS, which directly correlates with follicle growth 
[14] [15] [16]. Determining E2 on its own can be used as a marker for follicle 
growth during stimulation and a single TVUS examination in the end is enough 
to determine the ovulation trigger [17] [18]. In practice, however, E2 examina-
tions are often combined with the regular ultrasound examinations in clinics. 
Also, serum E2 requires qualified medical personnel for venipuncture, as well as 
laboratory and medical analysis of the results. On the other hand, no matter that 
serum E2 levels correlate with follicle growth, the objective information regard-
ing follicle growth and numbers, obtained by a TVUS examination especially at 
the end of the stimulation, cannot be replaced. For this reason, it is not recom-
mended to base the timing of the final oocyte maturation trigger on estradiol le-
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vels alone [19]. 
Analyzing the information stated above, the question arises, how can the pa-

tients’ “drawbacks” be mitigated, especially when it comes to additional costs of 
the IVF procedure, spent time, and extra stress of waiting times, venipuncture 
and other medical procedures? Is there a method or a way to let patients perform 
some examinations on their own, without the doctor letting go of the stimula-
tion control? In which COS phase is TVUS diagnostics required, supported by 
the additional information of serum E2 and progesterone levels? It is of our 
strong belief that the COSSESU protocol is adequate for this goal. 

5. Characteristics 

This protocol will be split into two parts. The first phase begins in day 2 - 3 of 
the menstrual cycle, with regular examination of urine E3G levels and injection 
of predetermined doses of gonadotropins, in correlation with the test results. Pa-
tients are provided with a small, safe, and easy-to-use in-home monitor custo-
mized device, consisting of a fluorescent immunoassay Mira Fertility Plus® (an 
FDA-approved and CE-marked) analyzer. The device contains individual sin-
gle-use tests and an instructional leaflet. Patients are not required to undergo 
special training beforehand. An easy usage algorithm is applied: in the morning, 
during the patient’s first restroom use, the patient deposits a urine sample in a 
cup, at least 6 - 8 hours after the patient’s last restroom use. The patient should 
then dip the test wand into urine for 10 seconds. The wand is inserted into the 
Mira Analyzer and the patient has to wait approximately 16 minutes to obtain 
the E3G results. They are sent securely over the internet or by phone to the cen-
ter where they are analyzed and stored. A few hours later a structured response is 
sent informing the patient about the dose of gonadotrophins to be self-injected the 
same day and/or following day(s). The timing of the next urine E3G analysis will 
be in the next day or after the next day, depending on the phase of stimulation 
or if more information is required for the stimulation to continue. E3G urine 
analysis is recommended to be performed every day, in order to obtain more 
objective information and to minimize error risks (Figure 2). 

The second phase requires a single ultrasound endometrium examination, 
which is sufficient to determine future treatment [19]. The ultrasound examina-
tion also provides information on the number and size of growing follicles and a 
view of the lesser pelvis, which is important for the following follicular puncture 
and to search for medical findings (such as hydrosalpinx) that should be taken 
into consideration during the future embryo transfer. Depending on the stimu-
lation protocol, measurements of serum E2 can also be undertaken, which aim 
to determine the day and type of ovulation trigger and OHSS risk. Serum proge-
sterone levels can also be measured, in order to determine if fresh or thawed 
embryo transfer is required in the future.  

6. COSSESU’s Advantages 

What are the arguments in favor of COSSESU? Can this method be used  
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Figure 2. Day-by-day application of the controlled ovarian stimulation by self-determination 
of estrone-3-glucuronide and single ultrasound (COSSESU) protocol. 
 
successfully? How objective is it during COS?  

A couple of new methods and technologies, which determine the realization 
of this method, are in use:  
- Ovarian reserve assessment, where AMH and the number of antral follicles 

are objective markers for determining the starting dosage during stimulation 
[20]. 

- Gonadotropin injection from the patient themselves. The pharmaceutical 
industry’s contemporary technologies have reached a level that allows the 
self-injection of the stimulation medicine. This does not require the input of 
medical personnel, and the dosage can be managed by the doctor online.  

- Reliable protocols for stimulation. COS protocols can be individualized, as 
the ovarian reserve and the patient’s age have to be taken into consideration. 
The GnRH-antagonist protocol is best suited for cases with increased OHSS 
risk, as the application of a GnRH-agonist as an ovulational trigger signifi-
cantly decreases the risk of a serious complication as a result of the stimula-
tion. Progestin-primed ovarian stimulation (PPOS) has recently been imple-
mented as an effective alternative to conventional protocols for preventing 
premature LH-spike, allowing similar results to be obtained. Progestin ad-
ministration in the follicular phase has been successfully used in normally 
ovulating patients [21], those with polycystic ovary syndrome (Wang, et al., 
2016), and those with a poor response [22]. Progestins can present an effec-
tive option for women who do not contemplate fresh ET, e.g. cases with risk 
of hyper response, preimplantation genetic testing, oocyte donors, or fertility 
preservation [23]. 

Different stimulation protocols have different features. The quantity and size 
of developing follicles, as well as the level of oestradiol, influence the flexibility of 
GnRH-antagonist use [24] [25]. The first application of a GnRH-antagonist is 
often in the 6-7th day of the menstrual cycle. One of its basic indications are the 
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E2 levels. The wide range between 300 - 1100 pg/ml allows better flexibility in 
GnRH-antagonist application and does not have a negative effect on follicle 
growth or the quality of the aspirated oocytes [26] [27]. In GnRH-agonist and 
Progestin-primed ovarian stimulation protocols, managing these has become 
easier, as the stimulation dosage has to be in-line with the E2 levels in the 
different days of stimulation, as well as hormone level growth. There is an 
insignificantly small risk of LH-levels rising, which makes the management of 
the stimulation much easier. 

Research shows that there is a tight correlation between E3G and E2 dynamics 
in the menstrual cycle and during ovulation induction [28] [29]. The rising E2 
serum levels during COS correlate tightly with the rising E3G metabolites in 
urine [12]. This provides the patient with the opportunity to examine from their 
own home the changing steroid levels during stimulation, thanks to a portable 
and compact immunofluorescence analyzer. The results can be easily transferred 
to the clinic online.  

7. Comparison between COSSESU and SOET Methods 

One of the main advantages of the first phase of the COSSESU protocol is the 
active participation of the patient through self-determination of E3G in the urine 
and the use of the opportunities provided by modern telemedicine. Another ad-
vantage is that, in the second phase of stimulation, TVUS is performed by a spe-
cialist in the clinic, where the serum levels of reproductive hormones are meas-
ured, as well. However, both phases of COSSESU alone would not be effective 
for the optimal monitoring of ovarian stimulation. 

SOET’s main advantage over COSSESU is the full autonomy of the patient 
until their first visit in the clinic for follicle puncture. Patients perform sono-
grams at home, or wherever they happen to be, as long as they have good WiFi 
access. However, SOET also has a set of drawbacks: First and foremost, patient 
triage must be undertaken. Not every patient can use a TVUS probe by their 
own. Using an educated guess, 50% of the population could be SOET candidates 
(Gerries, et al., 2009) [11]. Sometimes, there is a psychological barrier that pre-
vents help from the partner. On the other hand, patients sometimes do not per-
form well even after training. Also, in Gerries et al.’s randomized controlled trial 
(2014), due to various reasons, one third of the participants were disqualified 
[30]. 

Not determining P4 levels before triggering ovulation suggests a Freeze All 
policy for the embryos, because there is not enough information whether there is 
an early rise in P4, which decreases success rate in fresh ET [19]. It is well-known 
that in more than one third of cases, mainly in antagonist stimulation protocol, 
there is an early rise in P4 [31]. Evidence shows that implantation rates are lower 
after fresh embryo transfer [32]. Early administration of the trigger for ovulation 
at the end of COS, based only on the result of TVUS, at low levels of P4, also has 
a negative effect on the quality of oocytes and the possibility of high pregnancy 
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rate [33] [34]. 
COSSESU circumvents this issue. TVUS performed by a specialist has a list of 

benefits and is applicable for every single patient. No matter the patient’s pre-
liminary training in SOET, it cannot be compared to the experience of an ultra-
sound specialist, who could discover medical finds during the examination (hy-
drosalpinx, polyps, myoma, etc.). All of these have a negative effect on the next 
steps in the treatment by in vitro procedure. A visit to the clinic and a consulta-
tion with a specialist also have an important psychological benefit: the patient 
has to make sure that the stimulation has been successful, the hormonal balance 
is in order, and that there are no incurred risks with neither OHSS, nor the pro-
cedure itself, and that respectively the end result has been obtained. 

COSSESU’s disadvantage is that, due to the faster follicle and E3G growth in 
urine, the patient may need to visit the clinic sooner to perform TVUS and to 
examine serum E2 and P4 levels. Sometimes E3G growth and follicle growth 
dynamics do not correlate. This could be due to a shorter period of time between 
the evening and morning urine deposit. This may cause E3G concentration to be 
lower in urine, which will diminish objectivity. Another drawback in this me-
thod is that E3G is not being measured for 24-hour urine samples and there is a 
risk of variability in results. Here a basic advantage of COSSESU can be used: 
urine E3G levels can be examined every day, or even a couple of times a day, if 
necessary. The results can be immediately obtained in the clinic and can be ana-
lyzed by a professional, followed by a prescription of stimulation dosage. 

8. Comparison with Other Methods 

Another alternative in COSSESU to urine E3G use with the goal of COS moni-
toring, is measuring E2 saliva levels. A number of studies have shown that a sub-
stantial correlation was discovered between serum and salivary E2 concentra-
tions [35] [36]. Furthermore, the number of follicles and their average diameter, 
as determined by TVUS, is substantially correlated with both. However, when 
determining salivary E2 levels, compared to urinary E3G levels, there are a 
number of inconveniences and shortcomings. Samples were always collected 
more than 30 minutes after consumption of a meal or beverage or brushing of 
the teeth, where the patients’ mouths were rinsed with water 10 minutes before 
collection. The amount of blood contamination was not quantified, although the 
collection methods were designed to avoid it. On the other hand, E3G analysis 
requires physiologically obtained morning urine. The E3G examination is done 
at home by the patient themselves, by following easy to understand instructions. 
Also, estradiol salivary levels, on the other hand, must be analyzed in the lab. 
The transport and lab examination that follow require time and lengthen the 
chain reaching the doctor, who must process the results and determine the cor-
rect stimulation doses. If the patient lives further away or the transport is late, 
the examination results will be in place a day or two after the probe collection. 
The method of examining E2 levels in saliva makes the process slower and more 
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difficult, which could interfere with the ovarian stimulation monitoring and thus 
with the doctor’s prescription of the gonadotropin stimulation doses in COS.  

9. Conclusions  

COSSESU and SOET are the first successful COS methods to include telemedi-
cine elements.  

COSSESU has many advantages over SOET: it can be applied to all patients 
without having to train them beforehand; SOET can be applied in about 50% of 
cases. Another advantage of COSSESU is the protocol’s second phase, TVUS, 
and examining P4 and E2, if necessary. Some could call this a drawback com-
pared to SOET, because COSSESU forces the patient to visit the clinic once, 
where venipuncture will be performed to examine the hormone levels in serum. 
From a telemedicine point of view, this is a drawback, but it is difficult to argue 
against the added objectivity from an ultrasound examination performed by a 
specialist, or the other advantages described above when examining P4 and E2 
levels in the end of COS.  

It is in the interest of the patient, the clinic, and society as a whole to mitigate 
the direct and indirect costs of IVF treatment, but this should not have an effect 
on the service quality or the end result, i.e. pregnancy and birth. It is an indis-
putable fact that TVUS monitoring by a specialist in COS is an advantage and 
that determining serum hormone levels allows IVF treatment success rates to 
improve. 

It is of our belief that COSSESU is a balanced protocol of COS monitoring, 
whose application is based upon the different tests, relative to the ovarian re-
sponse, and their optimal objectivity in the different COS phases. At the start 
and middle of stimulation, the information obtained by TVUS could be replaced 
by the dynamic of E2, respectively E3G in urine. Telemedicine elements would 
also be in place, as the patient would evaluate their own E3G levels in urine by 
themselves, through the means of an easy method and a non-expensive analyzer 
that can be either bought or rented. This new approach to COS monitoring ends 
with a one-time determination of the size and number of follicles at the end of 
stimulation through TVUS by a specialist, as well as the dynamics of serum 
levels of P4 and E2, which in many cases is sufficient. 
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