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General introduction

In vitro fertilization and embryo transfer (1VF/ET), the culture of aspirated oocytes and spermato-
zoa in the laboratory followed by transcervical embryo transfer, was originally used as a treatiment
for infertility resulting from impaired function of the fallopian tubes. A few years after the intro-
duction of IVF/ET the indications for treatment included infertility caused by endometriosis, male
factors, ovulation disorders and unexplained infertility (1). Although IVF has now become an
accepted treatment for infertility, there are still several contentious issues in the application of
assisted reproductive technologies (ART) (2). It has been argued by World Hcealth Organization
authorities that 1VF benefits only a small proportion of infertile couples, that it is expensive, and
that it has serious health risks (3). In a WHO report from the Regional Office forr Europe it was
sugpested that eligibility for IVF should be limited to women uander 40 years of age, that the numn-
ber of treatment cycles per woman should be limited, and that no more than three embryos should
be transferred per treatment cycle (4). The increased incidence of triplet and higher-order preg-
nancies caused by ovulation induction and ART (5, 6), its associated increased medical risks (7)
and high costs (8) have been reported, Apparently, some health auvthorities still consider ART
controversial. This critical approach stresses the need for IVF progranunes to raise their level of
accountability.

In this thesis, the logistical and some clinical aspects of the TVF weatment as carried out in the
transport IVF programme at the Zuiderziekenhuis, Rotterdam, in collaboration with the Univer-
sity Hospital Dijkzigt, Rotterdam, are analyzed. The aims of this thesis are: to determing the effi-
cacy of a decentralized IVF programme with transport and satellite clinics, to further develop cri-
teria for acceptance of patients, to develop a safer treatment strategy avoiding high-order preg-

nancies, and, where possible, to touch upon the issues mentioned above,

Logistical aspects of in vitro fertilization treatment

The argument that IVF benefits only a smali proportion of infertile women (3) is not valid in The
Netherlands. Only very few women do not benefit from insurance, and in practically all cases the
cost of the first three IVF attempts is paid for by health insurance, Conscquently, all patients with
an indication for IVF can be offered three IVF attempts without major financial restrictions. The
number of TVF laboratories in The Netheilands has been limited to 12 by government regulation.
Initially, this led to long waiting lists for patients with an indication for IVF. Since the capacity of



the 1VF laboratory is usually larger than the treatment capacity of the clinical team, transport IVFE,
with transport of aspirated oocytes from a transport IVF clinic to a central 1VF laboratory was
introduced to enhance the availability of IVF treatment to the public (9, 10). The logistical or-
ganization of the programme at the Zuiderzickenhuis was turther developed by the infroduction of
satellite clinics where monitoring of the controfled ovarian hyperstimulation (COH} takes places.
The cooperation between the transport centre and the satellite clinics offers the patients consider-
able advantages in terins of convenience, travelling time and cxpenses. In the first chapter of this
thesis the results of this decentralized 1VF programme are evaluated. Thime spent on IVF treatment
could be used productively in other endeavors and should be considered a component of eco-
nomic costs, These indirect costs have been estimated to add 3880 to the cost of an average cycle
(11). Therefore, further simplification of the iogistical organization by wsing a minimal monitor-
ing schedule during COM makes an IVF programme even more accessible to patients, and lowers
treatiment costs even further. To achieve this, a minimal monitoring schedule for COH was intro-
duced in the transport IVF programime at the Zuiderzickenhuis. The feasibility of this schedule is
evaluated in chapter 2. Furthermore, the literature is reviewed with respect to the logistical ad-
vantages of the use of gonadotrophin-releasing hormone agonists (GuRH-a} in TVF treatiment, and
the experience with GnRH-a in the transport IVF centre is presented in chapter 3 .

Aspects of patient selection for in vitro fertilization

The decrease in fecundity with rising age is generally known. Schwartz and Mayaux (12) reported
evidence for a decrease in fecundity after the age of 30. In IVF treatment the age of the female
partuer has been found to be an important determinant of success. Consequently, this has fed to
age limits for acceptance of patients in many IVF programmes. In the Netherlands the general
opinion in I[VF programmes is that paticnts aged 40 years and older should not be offered treat-
ment. A WHO report (4) suggests fo exclude patients aged over 40 years, However, the validity of
such strict age limits can be questioned. Prestimulation tests proved to be better predictors of an
individual patient’s 1VF performance than age (13-15). Chapter 4 is a review of the literature on
the relation between age and IVF resuits, Chapter 5 is a study carried out to determine whether
age or the ovarian response to COH is the better predictor for successful IVF treatment after the
age of 40.

Male subfertility has become an accepted indication for IVE, However, in couples with an ex-
treme male factor, semen parameters can be unacceptable for IVF because of expected low fertili-
zation rates. For these couples intracytoplasmic sperm injection (ICSI) has proved to be an effec-
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tive method of assisted fertilization (16) with a low fertilization failure rate (17). Failed fertiliza-
tion in standard 1VF is another reason to select patients for ICSI. The definition of failed fertiliza-
tion used by Van Steirteghem et al. {18) was: the total absence of oocytes with two pronuclei 16-
18 hours after insemination of a sufficient number of oocytes, or a fertilization rate of < 5% in
several treatment cycles. This definition raises questions, When do we speak of a sufficient num-
ber of oocytes? Why should the fertilization rate be < 5%, or even < [0% as mentioned by the
same group (19) in a later publication? Preferably, IVF programmmes should develop their own
criteria for failed fertilization and assess the recurrence rate of this frusirating event in their own
population. In the patient population of the transport IVF centre the treatment prognosis after poor
fertilization in the first IVF cycle is assessed and recommendations for subsequent cycles are

made in chapter 6.

Procedure-related clinical complications of IVF

In vitro fertilization is an elective procedure, and therefore the procedure-related complications
arc always iatrogenic. Serious complications are reported to occur infrequently, but in cases of the
severe form of ovarian hyperstimulation syndrome (OFSS) secondary complications can lead to
life-threatcning conditions. Although the numerous publications on this subject give an impres-
sion of the fiequency of occwrence of complications, hardly any reports exist about the incidence
of the various complications in one programme. Berg and Lundkvist (20) reported on the clinical
complications in 12 TVF clinics in Nordic countries. Tt is necessary to inform patients about the
occuirence of complications in the very IVF programme they are about to join. In chapter 7 the
incidence of the various clinical complications in the transport IVF programme at the Zuiderz-
ickenhuis is reported, and the literature on this subject is reviewed.

One of the most controversial issues in IVF is the occurrence of triplets and higher-order preg-
nancies after replacement of three or more embryos. About 70% of triplet pregnancies occurring
nowadays result from ovulation induction or ART (5, 6). The high costs (8) and the increased
medical risks (7, 21) have been extensively described. The necessity of avoidance of triplets and
higher-order pregnancies in IVF programmes has becn stressed (8). Several authors suggested a
limitation of the number of embryos to be replaced to achicve this (22, 23). Despite these recom-
mendations the incidence of triplet pregnancies after IVF does not appear to decrease (24, 23),
and replacement of even six or more embryos in patients with repeated previous IVF failures has
been proposed (26). There are scveral explanations for this approach. In the first place, IVF pro-
gramines are mainty judged by the pregnancy rates obtained, and not by the frequency of proce-
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dure-related complications. In some programmes this will Iead to replacement of high numbers of
embryos. Secondly, the increased morbidity and mortality of triplet and quadruplet pregnancies,
and the psychological stress and social consequences for the parents miight be underestimated, or
seen as acceptable risks, In the third place, the availability of selective embryo reduction as a
method to reduce high-order pregnancies to twins or even singletons, is probably seen by some as
the solution for the occurrence of triplets and higher-order pregnancies. Chapter 8 is an anaiysis of
the frcquency of occurrence and of the obstetric outcome of triplet pregnancies in the transport
IVF programme, This stidy was carried out to investigate whether triplet pregnancies should be

completely prevented,

The expression of success rates in IVF

Before starting IVF treatment, couples need to be provided with adequate information about their
chances to achieve a pregnancy. In the United Kingdom licensed IVF and donor insemination
clinics therefore have a statutory duty to provide relevant information to patients before offering
treatment (Human Fertifisation and Embryology Act 1990). In 1995 the “Patient’s Guide to Bonor
Insemination and IVF Clinics” with the success rates of licensed IVF clinics was published (27).
Using success rates for pre-treatment counselling should be done with care rates are not applica-
ble to individuals and a possible reduction in pregnancy rate in successive cycles should be con-
sidercd. This phenomenen has been described by scveral authors (28, 29), and is explained by
heterogeneity of the population in terms of fecundity rate. Moreover, when cumulative pregnancy
rates are used to express success, many programmes assume that patients who leave the pro-
granmmne after a failed attempt would have had the same probability of a pregnancy as those who
continued. When patients drop out because of poor performance, e.g. few oocytes retrieved or
failed fertilization, this assumption is of course incorrect, Consequently, the calcufated cumulative
pregnancy rate will be too high. in chapter 9 the cumulative pregnancy rate in the transport IVF
programmme is analyzed, and the validity of this rate is tested by determining whether there is a

selective drop-out of patients with poor treatment prognosis,
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Chapter 1

Results of decentralized IVF treatment with transport
and satellite clinics
Human Reproduction 1995;10:563-7.

Jan Roest!, Arie Verhoeff, Matt van Lent!, Gerda J. Huisman?, Gerard . Zeilmaker?

'Department of Obstetrics and Gynaecology, Zuiderziekenhuis, Rotterdam, The Netherlands.
IVF laboratory, University Hospital Dijkzigt, Rotterdam. *Department of Endocrinology and Re-

production, Erasmus University, Rotterdam.

Summary

The results of in vitro fertilization (IVF) treatments, carried out in a university IVF centre, are
compared with those obtained following [5-40 minutes transportation of oocytes from a transport
IVF clinic to the central IVF laboratory of the university centre. Moreover, treatment results fol-
lowing monitoring of ovarian hyperstimulation in satellite ¢linics, combined with ovum retrieval
at the transport clinic and transport of cocytes to the central [VF laboratory, are described.

i a total of 5540 IVF treatment cycles, 24-26 percent of viable pregnancies per embryo trans-
fer were found in the three groups. Comparison of results, obtained with the three different treat-
ment modalities, shows no negative influences of transporting oocytes fiom transport clinic to
IVF laboratory and of monitoring ovarian hiyperstimulation in satellite clinics. If is concluded that
decentralization of the clinical phase of IVF treatment is possible, This leads fo a more optimal
use¢ of existing Iaboratory facilities in large urban areas, It is stressed that efficient communication
between satellite clinic, transport clinic and IVF laboraiory is necessary for a decentratized [VF
programme. To obtain good quality assurance, both the satellite clinic and the transport clinic

must adhere to the same protocol.
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Introduction

In The Netherlands the number of in vitro fertilization (IVF) laboratories has been limited to 12
by government regulation. Because the capacity of the IVF laboratory at IVF centres is usually
larger than the treatment capacity of the clinical team, transport 1VF, with carriage of aspirated
oocytes from a fransport IVF clinic to a central IVF laboratory, was introduced in 1984 (1-3). A
transport IVF clinic is a facilily where the complete clinical phase of the TVF freatment, including
oocyte aspiration and follow-up after embryo transfer, can take place, The laboratory phase and
embryo transfer are carried out at a different focation. In a prospective pilot study, the results of
transport IVF treatment cycles were compared with those in the central clinic (2). Transport of
oocytes over 30-60 minutes proved to be possible without loss of fertilizability, The transport IVF
programune at the Zuiderziekenhuis, Rotierdam, started in 1984. Satellite clinics, where monitor-
ing of ovarian stimulation takes place according to the protocol of the transport clinie, were added
to the programme in 1988 so as to limit travelling time and inconvenience for the patients.

A retrospective study with the objective of assessing the feasibility of large scale transport and
satellite-transport IVF was carried out. The results of a 5 year period were analyzed and com-
pared with concurrent results obtained in the central IVF unit at the University Hospital of Rotter-
dam. The results of cycles monitored at satellite clinics were compared with non-satetlite moni-
tored cycles. The results of the six different satellite clinics were compared to investigate if any
variability could be found for the outcome of IVF treatment after monitoring of ovarian stimula-

tion at these clinics.

Materials and methods

Three different treatment modalities were compared in this study. One group of patients (3333
cycles) recieved the clinical and the laboratory phases of TVF treatment at one location, the Uni-
versity Hospital of Rotterdam. A second group {2207 cycles) was treated at more than one loca-
tion, recieving clinical treatiment, including ovum retrieval, in the iransport clinic, followed by
carriage of the oocytes to the IVF laboratory at the University Hospital where the laboratory
phase, inchuding embryo transfer, took place. The transport clinic patient group was divided into
two subgroups: 1637 cycles stimuiated and monitored during ovarian stimulation at the transport
clinic, and 570 cycles stimulated and monitored at one of the six satellite clinics participating in
the programme. Patients travelled from the satellite clinics to the transport clinic for ovum re-

trieval. For these three treatment modalities the same IVF laboratory facilities were used.
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Patient selection for the transport IVF programme was carried out at the Zuiderziekenhuis, the
transport clinic. All patients were <43 years of age and were are accepted for the prograimme
when they had a clear indication for IVF treatment and after serological tests (HBsAG, syphilis,
human immunodeficiency virus) and routine physical examination. Ovartan stimulation consisted
of human menopausal gonadotrophin (HMG) 150-450 1U i.m./day (Humegon™; Organon, Oss,
The Netherlands), depending on age and 1VF indication, starting on cycle day 3. Since the gradual
introduction of gonadotropin-releasing hormone agonists, in the period 1989-1991, the short flare-
up reginie was used in most cases, starting on cycle day | until the day of human chorionic go-
nadotrophin (FHICG) injection. Plasma estradiol measurements were not carried out in view of the
results obtained at the central unit by Leerentveld et al. (4). Monitoring of follicle growth and
endometrium development was performed by vaginal ultrasound measwrements only. Oocyte
retrieval was planned 35 hours after i.m. injection of 10,000 IU HCG (Pregnyl®; Organon) on the
day the leading follicles reach a diameter of 18-20 mm, measured in three dimensions. Follicle
aspiration was carried out by vaginal puncture under local anacsthesia. Qocyte isolation from the
aspirates and subsequent laboratory procedures including embryo transfer were performed at the
central IVF laboratory at the University Hospital of Rotterdam.

The distance between the transport clinic and the 1VF laboratory was 7 km and the travelling
time by car was 15-40 minutes, Oocytes were transported in their own follicular fluid in labelled
vials placed in an insulated box with a preheated (35° C} block of aluminium. In this box the
temperature remained constant (within 0.3° C) for at least one hour at an environmental tem-
perature of 4° C. Regular tests of isothermic capacity were carried out. The box was carried to the
cenfral laboratory by the patient’s partner. Semen was produced in the central iaboratory. The
laboratory procedure was recently described by Huisman et al. (5).

Luteal support was given with 1,500 1U HCG on the day of ovam retrieval {day 0) and on
days 3, 6 and 9. When >15 follicles were retrieved, progesteronc (200 my vaginally twice daily;
Progestan®; Organon) was prescribed for 15 days. In these cases HCG was withheld.

The number of embryos replaced (to a maximum of four) depended on the patient’s age and
the quality of the embryos. Patients <35 years of age were asked to consider replacement of not
more than two embryos so as to prevent a triplet pregnancy. The final advice on the number of
embryos to be replaced was given by the IVF laboratory staff,

A clinical pregnancy was defined by a positive urinary test 18 days after cocyte retrieval com-
bined with the finding of a gestational sac two weeks later. A pregnancy was considered to be
viable when fetal heart motion had been observed after seven weeks of amenorrhoea.

Satellite treatment was added to the transport IVF programme in 1988, Six clinics, at 100-200

km distance from Roiterdam, started to monitor ovarian stimulation for their own patients by
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transvaginal ultrasound only. All decisions concerning patient selection, ovarian stimuiation,
monitoring protocol, timing of HCG injection and ovum retrieval were made according to the
protocol of the transport clinic. Regular consultation with the transport clinic took place during
ovarian stimulation. The satellite clinic contacted the transport elinic when follicle development
altowed the timing of oocyte aspiration. A precise description of the number and size of follicles
found during monitoring was given by the satellite physician. The day ovum retrieval was
planned, the patient travelled to the transport clinic; oocyte aspiration with transportation of the
oocytes o the central laboratory followed. In general, patients travelled to Rotterdam only three
times: for intake and screening procedures, for follicle aspiration and for embryo transfer. During
subsequent cycles only two visits were necessary.

A clinic was allowed to finction as a satellite clinic after adequate training of the staff mem-
bers involved in ovarian stimulation and monitoring. At fwo satellite clinics the staff members
involved in TVF treatment previousty participated in the IVF progranune at the transport clinic for
one year. Staff members at the other satellite clinics were offered 1 week of individual training at
the transport clinic. Satellite physicians were provided with a detailed protocol for ovarian hyper-
stimulation and monitoring, An cocyte recovery rate of 70-80% of follicles reported to have a
diameter >10 nun was considered acceptable. When this recovery rate was not achieved, the
monitoring physician was contacted and the case discussed. The TVF results of each satellite
clinic were evaluated on a regular basis and compared with the results of the transport clinic, Staff
members at the transport clinic were expected to carry out a minimum number of fifty follicle
aspirations a year for good quality assurance. No continuous record was kept of the oocyte re-
trieval rate, but regular random samples provided information on the individual physician’s per-
formance.

For statistical analysis, Student’s t-test was used for the difference between two means and 2
test was used to compare the frequencies of observations. P < 0.05 was taken as the level of sig-

nificance.

Results

The results of 2207 IVF treatments at the transport IVF clinic were compared with 3333 IVF
treatments at the University Hospital of Rotterdam during the period January 1989 - December
1993, The two patient groups showed a significant difference in mean age (£8D): 33.1 £ 4.3 years
and 34.0 £ 4.1 years respectively (7 < 0.01). However, this difference of 0.9 years was small and
lad no clinical significance for the onicome of 1VF treatment. The distribution of indications for
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IVF treatment is shown in table 1, For the two main indications there appeared to be a significant
difterence in frequency. Tubal dysfunction was more often found in the University Hospital
group (P < 0.01), while male subfertility was more frequent in the transport clinic group {P <
0.01).

The main results of IVF treatment at the two locations are shown in table 2. The mean num-
bers of oocytes and embryos per ovuin retrieval differed significantly (P < (.01) between trans-
port clinic and University Hospital. The transport clinic had fewer embryo transfers { P < 0.01). A
significantly higher number of embryos was transferred in the University Hospital group (P <
0.01), probably due to advice given more frequently to patients at the transport clinic to have only
two embryos replaced. As a result, more cryopreservations ( £ < 0.01) per oocyte retrieval were
seen in the transport clinic population. The percentages of clinical and viable pregnancies were
similar in both groups. More multiple pregnancies ( P < 0.01) were seen in the University Hospi-
tal group, The embryo implantation rates were similar in both groups.

Table I. Indications for IVF in Transport Clinic and University Hospital

Transport Clinic (%)  University Hospital (%)

(n=2207) {(n=13333)
Tubal dysfunction * 46 52
Endometriosis 7 4
Male subfertility * 23 16
Idiopathic 19 22
Rest and combinations 5 6

*Differences within rows significant (P < 0.01)

Starting in 1988, six satellite clinics monitored the ovarian stimulation for their own patients.
As shown in table 3, the number of patients monitored at the satellite clinics increased since the
satellite programme started.

The results of 1637 cycles monitored af the transport centre were compared with 570 cycles
monitored at satellite clinics. A statistically significant difference was found between the two pa-
tient groups with regard to mean age (£ SD): 33.3 + 4.3 years and 32.6 + 4.0 years respectively (
P < 0.01). The indications for IVF in the two patient groups are shown in table 4. A statistically
significant difference was found in the frequencies of tubal dysfunction (7 < 0.02), and idiopathic
infertility (P < 0.01),
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The results of IVF treatment cycles monitored at the transport clinie, compared with the re-
sults of cycles monitored at the six satellite clinics, are shown in table 5. Statistically sigificant
differences between transport and satellite clinics were found for the mean numbers of cocytes
and embryos per retrieval (P < 0.01), and for the number of embryo transfers (£ < 0.01). The
mean number of embryos replaced was the same. The difference for cryopreservations was not
significant. The percentages of clinical and viable pregnancies did not differ. The differences in
percentage multiple pregnancies and in implantation rate were not significant. The incidence of
severe ovarian hyperstimulation syndrome (OHSS), grade 5 or 6 according to the classification by
Golan et al. (6), for the transport and satellite clinics population did not differ.

Table 2. Results of IVF Treatment in Transport Clinic and in University Hospital.

Transport Clinic University Hospital

Qocyte retrievals 2207 3333
Qocytes per retrieval {mean + SD) * 9.7+£75 9.3+ 6.5
Fertilization rate (%) 50.5 48.4
Embryos per refrieval (mean £ SD) * 4.9+ 51 4.5+ 4.7
Embryo transfers* (% 1) 1786 (80.9) 2824 (84.8)
Embryos replaced (mmean £ SD) * 26+09 2.8+ 1.0
Cryopreservations I (% 1) 642 (29.1) 845 (25.4)
Clinical pregnancics (% §) 512 (28.7) 810 (28.7)
Multiple pregnancies * (% | 124 (24) 252 (3D

Twins (% |) 106 (20) 194 (24)

Triplets (% |} 18 (4) 56 (7)

Quadruplets (% |}) 2(0.2)
Embryo implantation rate (%) 14.0 14.1
Viable pregnancies (% §) 434 {24.3) 677 (24.0)

* Differences within rows significant (P < 0.01).  § Percentage per embryo transfer,
T Percenfage per oocyte retrieval. [| Percentage per clinical
1 Data on thawings and cryopregnancies are pregnancy.

not included in this table.

The results of IVF treatment obtained after monitoring in the six different satellite clinics are

given in table 6. In the patient group at clinic 1, male subfertility (38%) was significantly more
frequent as the indication for IVF (P < 0.01). This was associated with a significantly lower fer-
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tilization rate (P < 0.01). Significantly less frequent male subfertility (13%) in the group at clinic
2 (P < 0.02) was associated with a higher fertilization rate (P < 0.01). A higher embryo implanta-
tion rate was found in the clinic 1 group { P < 0.05). The differcnces between the six clinics for
percentages embryo transfers, clinical pregnancies and ongoeing pregnancies were not statistically
significant,

Table 3. Number of Transport IVEF Cycles Monitored at Transport Clinic and Satellite

Chnics.

Year Total no.cycles Transport Clinic Satetlite Clinics
1989 229 196 (86) 33 (14
1990 363 305 (84) 58 (16)
1991 486 359 (74) 127 (26)
1992 555 391 (70) 164 (30)
1993 574 386 (67) 188 (33)

Values in parentheses are percentages.

Table 4. Indications for IVF in Transport Clinic and Satellite Clinics

Transport Clinic (%) Satellite Clinics {%)
(n=1637) {n=>570)
Tubal dysfunction * 48 40
Endometriosis 7 7
Male subfertility 22 25
Idiopathic 18 23
Rest and combinations 5 S

* Difference within row significant (£ < 0.02).
1 Difference within row significant (£ < 0.01).
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Discussion

The results show that IVF treatment in combination with transport of oocytes and monitering in a
distant satellite clinic yiclds a similar percentage of viable pregnancies as compared to a complete

freatment in one centre. The results also confinm earlier studies {1, 2, 7, 8).

Table 5. Resulis of 1VF Treatment in the Transport Clinic only and in Combination with

Satellite Clinics.

Transport Clinic Satellite Clinics

Qocyte retrievals 1637 570
Oocytes per retrieval (mean + 8D) * 99+76 9.3+6.5
Fertilization rate (%) 51.5 48.4
Embryos per retrieval {(mean + SD) * 51452 4.5+4.7
Embryo transfers® (% 1} 1347 (82.3) 439 (77.0}
Embryos replaced (mean + SD) 26+09 2609
Cryopreservations] (% 1) 483 (29.5) 159 (27.9)
Clinical pregnancies (% §) 386 (28.7) 126 (28.7)
Multiple pregnancies (% |} 85{22) 39 (31.0)

Twins (% |1} 7319 33 (26)

Triplets{% [}) 12 (3} 6 (5)
Embryo implantation rate (%) 13.6 15.1
Viable pregnancies (% §) 321(23.8) 113 (25.7)

Severe OHSS 9 (% 1) 13 (0.8) 5(0.9)

* Differences within rows significant {Z < 0.01). § Percentage per embryo transfer.
T Percentage per odcyte retrieval. || Percentage per clinical pregnancy.
i Data on thawings and cryopregnancies are % Classification of Golan et al (0).

not included in this table.

The replacement of significantly fewer embryos did not affect the percentage of clinical preg-
nancies obtained in the transport clinic group, In this group a statistically significant lower multi-
ple pregnancy rate was found. These findings confirm an earlier study by Staessen et al. (9).

The maxinuem duration of oocyte transport in this study was 40 minutes. In this period the oo-
cytes did not fose their capacity to be fertilized and to develop into a viable embryo. 1t is unknown
whether transport of longer duration will yield similar results. Adequate temperature regulation
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during transport must be guaranteed. The use of a preheated {35°C) aluminium block in an insu-
lated box has proved to be adequate in our programme, No power source is nceded during trans-
port. In this way possible technical problems during transport are avoided. During transportation
the oocytes remain in their own follicular fluid. Apparently this fluid exerts no harmful effects on
the oocyte. The fertilization rate reported has been influenced by the high frequency of male sub-
fertility as indication for IVF treatment.

No negative effect on the outcome of IVF treatment is caused by the monitoring of ovarian
stimulation by physicians in satellite clinics. The incidence of severe OHSS in the patient group
stimulated and monitored at the satellite clinics is not increased and is comparable to incidences
reported earlier {10, 11). The use of satellite clinics in an IVF programune has been described by
others (7, 12-14). The introduction of satellite clinics made owr transport TVF programme more
accessible to patients in other parts of the country. Travelling time and inconvenience for the pa-
tients are limited since the monitoring of ovarian stimulation is carried out in their local hospital
by their own gynaecologist, When satellite physicians monitor ovarian stimulation for their own
patients, arrangements have to be made to obtain quality assurance. Satellite physicians should be
familar with the technique of vaginal ultrasound measurement of follicles and follow the treat-
ment protocol of the transport clinic. The fransport elinic, being responsible for the complete
clinical phase of the IVF freatment including possible complications, should ahwvays be available
fo patients and satellite physicians for consultation, since difficulties may arise when the liability
for mistakes during the IVF treatment has to be defined (15). The result of each ovarian stimula-
tion should be comimunicated to the transport clinic before ococyte retrieval is planned. Satellite
clinics should be informed about the laboratory results of their own patients, and the outcome of
the TVF treatment should be reported to the transport clinic.

To obtain satisfactory IVF results the quality of the IVF laboratory is of significant impor-
tance. Once a kaboratory has obtained a consistently good pregnancy rate, it is preferable to use
the services of this laboratory instead of starting a new I'VF laboratory. It scems that in large m-
ban areas a decentralized IVF programme, with a central laboratory, is {0 be preferred above a
progranime with several small laboratories with less experienced personnel. Morcover, a decen-

tralized prograimme is a more cost-cffective approach to large scale IVF treatinent.
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Table 6. Results of In Vitro Fertilization Treatment after Monitoring in the 6 Satellite Clinics.

Satellite clinic Clinic 1 Clinic 2 Clinic 3 Clinic 4 Clinic 5 Clinic 6
Oocyte retrievals g5 119 175 108 59 24
Cocytes per retrieval (mean = 35D) 99173 8.8=x£353 92+62 104 +7.9 8.6+£6.2 84+58
Fertilization rate (%) 43* 55% 47 50 48 51
Embryos per retrieval (mean = SD) 4.3 +4.9 4.8+40 43+44 5.2+£354 4,149 43+42
Embryo transfers (% §) 58 (68) 100 (34) 133 (76) 86 (80) 46 (78) 18 (75)
Embryos replaced (mean + 8D) 25%1.0 2.6%£09 24+1.0 2.7+08 26£09 2708
Cryopreservations || (% §) 20 (24) 34 (29) 42 (24) 41 (38) 12 (20) 10 (42)
Clinical pregnancies (% ) 18 (31) 31(31) 38 (29) 19 (22) 13 (28) 7 (39}
Multiple pregnancies (% **) 8 (44) 13 (42) 5(13) 10 (52) 3(23)

Twins (% **) 528 12 (39 5(13) 8 (42) 3(23)

Triplets (% **) 3(17) 1(3) 2(10)
Embryo implantation rate (%) 20.5% 17.2 134 13.4 13.6 14.3
Viable pregnancies (% ) 18 (31) 27(27) 29 (22) 18 (21} 10 (22 7 (39)
Percentage male subfertility 38% 137 25 18 25 25

*+1 Significantly different from other clinics

(£ <0.01, <0.02 and P < 0.05 respectively).

§ Percentage per oocyte retricval.

 Percentage per embryo transfer.

|| Data on thawings and cryopregnancies are
not included in this table.

*#* Percentage per clinical pregnancy.
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Chapter 2

Minimal monitoring of ovarian hyperstimulation: a useful
simplification of the clinical phase of in vitro fertilization
Fertility and Sterility 1995;64:552-6.
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Summary

To investigate the feasibilily of IVF treatment with minimal monitoring during ovarian hyper-
stimulation, a retrospective analysis and a prospective study with a real-time contro! group was
carried out. In a transport IVF programme with satellite clinics 100 consecutive IVF cycles
monitored at the transport clinic (TC), and 100 concurrent consecutive cycles monitored at satel-
lite clinics (SC) were compared retrospectively for the number of ultrasound measurements
(USM) carried out during moniforing, and for results of IVF treatment. Both TC and SC used the
same stimulation/monitering protocol. No patient selection took place. All cycles resulted in oo-
cyte retrieval. After introduction of a minimal monitoring protocol at TC, a prospective study was
started comparing 100 minimal monitoring cycles at TC with [00 concwrent conventional
monitoring cycles at SC, all resulting in oocyte aspiration. Patients entered the retrospective or
prospective study only once. In all cases the same laboratory facility was used. Monitoring of
ovarian hyperstimulation was done with USM only.

Retrospective analysis showed no difference for the average number of USM at TC and 8C;
2.8 £ 0.9 and 3.0 + 1.0. No differences were found in the number of ongoing pregnancies ob-
tained in the two groups; 22 and {8 respectively. One case of severe OHSS occwred in the SC
group. Introduction of minimal monitoring at TC gave a significant reduction of the average
number of USM at TC compared to SC where conventional monitoring continued to be used; 1.5
+ (.8 vs. 2.8 + 0.9. Ongoing pregnancies at TC and SC numbered 33 and 26 respectively. In both
groups one patient developed severe OHSS, Sixty-two percent of cycles at TC were monitored
with one USM only. No cancellations for impending OHSS occurred during the study period.
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Conclusion: A large group of patients need only one USM during monitoring of ovarian hy-
perstimulation, Minimal monitoring gives a useful further simplification of the clinical phase of

IVF treatment without adverse effects on treatment outcome and incidence of OHSS.

Intreduction

In general ovarian hyperstimulation for in vitro fertilization (IVF) is carefully monitored in order
to determine the appropriate moment of oocyte retrieval, and to screen for signs of impending
overstimulation, possibly resulting in the development of the ovarian hyperstimulation syndrome
(OHSS). In most IVF programimes monitoring is carried out by repeated ultrasound scans and
plasma cstradiol (E.) measurements, Close monitoring is time-consuming, expensive and incon-
venient for the patient. The necessity of close monitoring has been debated (i, 2, 3).

Succesful 1VF cycles have appeared to be equally distributed over the entire range of plasma
E: levels measured during ovarian stimulation. Thercfore, the importance of E: measurements for
daily treatment policy with respect to timing of human chorionic gonadotrophin {(HCG) admini-
stration should be reconsidered (4). Some IVF programmes have abandoned the use of hormone
assays completely (3, 5, 6). Further simplification of 1VF treatment by reducing ovarian stimula-
tion menitoring to a minimum, will cause less stress and inconvenience fo the patient. In order to
further minimize the monitoring procedure, a minimal monitoring protocol was evaluated in a

prospective study.

Materials and methods

In a transport IVF programme with satellite clinics the transport clinic (Zuiderziekenhuis) col-
laborates with the TVF laboratory at the University Hospital of Rotterdam. The complete c¢linical
phase of IVF treatment: patient selection, determination of stimulation schedule, monitoring of
ovarian stimulation, ovum pickup and follow-up after embryo transfer, takes place at the transport
clinic (TC). In the IVF laboratory at a separate location the laboratory phase including embryo
transfer is carried out. Satellite clinies (SC) carry out stimulation and monitoring of ovarian hy-
perstimulation according to an identical protocol. All patients are treated with gonadotrophin-
releasing hormone agonists (GnRH-a); in most cases the flare-up schedule is used. Ovarian
stimulation consists of human menopausal gonadotrophin (HMG, Humegon®; Organon, Oss, The
Netherlands) 150-450 1U/day, depending on age and indication for IVF, starting on cycle day 3
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until the day of HCG injection. Monitoring of controlled ovarian hyperstimulation (COH) is done
with transvaginal ultrasound measurements (USM) only. At the transport clinic eight members of
staff are involved in monitoring; at the satellite clinics one to three. When more than 35 develop-
ing follicles are seen during monitoring, the cycle is cancelled by withholding HCG and continu-
ing GnRH-a in order to reduce the chance of development of OHSS. Human chorionic gonado-
trophin 10,000 iU (Pregnyl®; Organon) is given when > 50% of the leading follicles have reached
an average diameter of [8-20 mm, followed by ovum pickup 35 hours later, Satellite clinics con-
tact the transport clinic when follicle size allows planning of HCG injection and ovum pickup.
Qocyte retrieval is done under local anaesthesia, transvaginally and ultrasound guided. After the
ovum pickup the patient’s partner carries the aspirates in an insulated box containing a preheated
(35° C) aluminium block to the central IVF laboratory at the University Hospital, distance 7 km,
travelling time 15-40 minutes.

QOocyte isolation from the aspirates and subsequent laboratory procedures including embryo
transfer take place at the IVF laboratory. The laboratory procedure has been described by Huis-
man et al. (7). Luteal support is given with 1,500 IU HCG on the day of ovum pickup (day 0) and
on days 3, 6 and 9. When 15 or more follicles are found during ovam pickup, progesterone 200
mg {Progestan”; Organon) vaginally, twice daily, is prescribed for 15 days. In these cases HCG is
withheld. A clinical pregnancy is defined by a positive urinary test 18 days after oocyte retrieval
combined with the finding of a gestational sac during ultrasound scanning two weeks later. A
pregnancy is defined as ongoing when fetal heart motion is observed afier 12 weeks of amenor-
rthoea.

With the conventional monitoring schedule, the first ulfrasound measurement was carried out
after 5 days of stimulation with HMG. Timing of subsequent USM depended on findings during
first USM. Monitoring continued until the feading follicles reach an average diameter of 18-20
mm and HCG is given.

In order to compare the control data obtained in the two clinical settings, 100 consecutive IVF
cycles, resulting in ovum pickup, monitored at the transport clinic and [00 consecutive cycles,
resulting in ovam pickup, monitored at SC were compared with regard to the number of USM
during COH and the outcome of IVF treatment. This contrel study was included to investigate
whether the monitoring policies at TC and SC were shnilar, and whether results of IVF treatment
differed. If not, the patient group monitored at SC could serve as a control group in a prospective
study.

In the prospective study the monitoring schedule at TC was minimized. The first USM was
carried out after 7 days of HMG, and, anticipating follicular growth of 1 -2 mm/day, HCG injec-
tion and ovum pickup were planned at that very moment, provided > 25% of the follicles had
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reached an average diameter > 14 mun. If these criteria were met, stimulation was continued,
when necessary, for up to 4 days without any additonal USM and oocyte retrieval was planned.
When findings during first USM did not meet the above mentioned criteria, a follow-up USM was
performed, The concurrent patient group at the SC continued to be monitored according fo the
conventional protocol.

Patients entered the retrospective or prospective study only once. The OHSS classification of
Golan et al.(8) was uscd in this study. Statistical analysis was done with »* test or Student’s t-test

when appropriate.

Results

Retrospectively 100 consecutive IVF cycles monitored at TC were compared with 100 concurrent
consecutive cycles monitored at SC. No patient selection took place. In both groups the same
monitoring protocol was used. During the period in which these cycles were monitored no can-
cellation of IVF cycles for impending development of OHSS occurred. No statistically significant
difference in age of the patients of TC and SC was found; 31.9 + 4.6 and 32.6 == 4.8 years {mean +
SD). The results are shown in table 1. No differences were found between the two groups for the
mean duration of COH with HMG and the number of ultrasound measuremenis carried out during
stimulation. The clinical pregnancy rates: 29% (confidence interval [C.1.] 20-39) versus 21% (C.L
13-30}, and the ongoing pregnancy rates: 22% {C.1. 14-31) and 18% (C.1. 11-27} did not differ.
For the frequency of multiple pregnancies a statistically significant difference was found that can
net be explained. One case of OHSS grade 4 occurred in the SC group.

The results of the prospective study with minimal monitoring of 100 consecutive IVF cycles at
the TC and conventional monitoring of 100 concurrent consecutive cycles at the SC are shown in
table 2. During the study period no cancellations for impending OISS occwred. No patient se-
lection took place. No difference was found for the mean age in the two groups: 32.2 £ 4.8, and
32.9 & 4.3 years. The results of the prospective study are shown in table 2. Minimal monitoring
during COH resulted in a significant reduction in the number of ultrasound measurements carried
out. The results in table 2 indicate that the minimal monitoring protocol had no adverse effects on
the outcome of IVF treatment. The duration of COH and the oocyte vield in the two groups did
not differ. The differences in clinical pregnancy rates: 38% (C.I. 28-48) versus 28% (C.1. 19-38),
and ongoing pregnancy rates: 33% (C.1. 24-43) versus 26% (C.I. 18-36), were not significant. In
both groups one case of OHSS grade 4 occurred. The pregnancy rates in the prospectively studied
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eroup were higher when compared to the retrospectively reviewed populations. However, the dif-

ference was not statistically significant (P > 0.05).

Table 1. Treatment Results of Retrospective Analysis with Conventional Monitoring at Transport

and Satellite Clinics.

Conventional monitoring Conventional monitoring
Transport Clinic Satellite Clinics

Ovum pickups 100 100
Flare-up schedule GnRH-a 85 88
Days hMG * 92+22 9.1+24
Nuomber of USM * 2809 30£1.0
Oaocytes at pickup * 9.4 +6.8 92+69
Embryos * 49+ 5.1 5.5+53
Cryopreservations § 38 40
Embryo transfers 76 82
Embryos replaced *1 24405 25+05
Clinical pregnancies 29 21
Mualtiple pregnancies §}| 3(1d) , 10 (55)
Ongoing pregnancies 22 18
Embryo implantation rate 17.7 % 16.2 %
Severe OHSS ¥ 0 1

* Values are means + SD.

1 Data on thawings and cryopregnancies are not included in this table.

I Per embryo transfer.

§Values in parentheses are percentages per clinical pregnancy.

|| Significant difference TC versus SC, P < 0.05, Other comparisons not significantly different,
9 Classification Golan (8)

The number of ultrasound measurements during COH and the duration of HMG stimulation in
the prospective study is shown in figures 1 and 2. At TC, where the minimat monitoring protocol
was used, 62% of oocyle retrievals could be planned after one ultrasound measurement only. The
remaining patients needed a more individual approach. The new monitoring protocol resulted in
an almost 50% reduction of patient visits to the hospital during the stimulation phase.
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Table 2, Treatment Results of Prospective Study with Minimal Monitoring at Transport Clinic

and Conventional Monitoring at Satellite Clinics.

Minimal monitoring Conventional monitoring
Transport Clinic Sateftite Clinics

Ovum pickups 100 106
Flare-up schedunie GnRH-a 93 96
Days HMG * 96125 94+2.5
Number of USM *t 1.5+0.8 28409
QCocyles at pickup * 92+68 8.7+63
Embryos * 50142 5149
Cryopreservations { 36 34
Embryo transfers 92 87
Embryos replaced *§ 2.2+07 23+0.7
Clinical pregnancies 38 28
Multiple pregnancies || 6 (16) 8(29)
Ongoing pregnancies 33 26
Embryo implantation rate 22.1 % 18.2%
Severe OHSS Y| 1 1

* Values are means + SD.

T Significant ditference, transport versus satellite clinics, P < 0.0001. All other comparisons not
significantly different.

i Data on thawings and cryopreservations are nof included in this table.

§ Per embryo transfer.

| Values in parentheses are percentages per clinical pregnancy.

{| Classification Golan {8)

Discussion

A major clinical development in IVF treatment during the past ycars has been the simplification
of the treatment procedure {2). The laparoscopic oocyte refrieval has been replaced by the ultra-
sontd guided transvaginal oocyte aspiration. Precise timing of HCG injection and ovum  pickup
35 hours later have proven to be unnecessary after pituitary desensitization with GnRH-a (2, 9).
The intensity of the monitoring of IVF cycles has already been reduced in several programmes
{(3). Monitoring during COH for IVF is carried out in order to determine the appropriate moment
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of HCG injection and oocyte retrieval, and to screen for signs of impending development of
OHSS. Repeated ultrasound scans and hormone assays are inconvenient, expensive and time-
consuming. The necessity of infensive monitoring during ovarian hyperstimulation has been de-
bated. Programmed IVF, using clomiphene with HMG on altemate days for stimulation, with

limited monitoring only, has been recommended before (1, 5, 10).

Figure 1. The number of USM and duration of HMG stimulation with minimal monitoring at the

Transport Clinic.
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With the use of the GnRH-a, urine tests to screen for early luteinizing hormone peaks are not
necessary anymore, High or low E. levels were found not to be detrimental to the clinical out-
come of IVF treatment {4, 1), IVF pregnancics occur in the presence of a wide range of E: levels
during the three day period preceding follicle aspiration, indicating that E. measurements arc not
necessary for succesful pregnancy induction {4). For these reasons the use of hormone assays has
been abandoned completely in some programmes (3, 5, 6, 12). In these programmes ultrasonic
scanning of follicular size is used as the sole index of follicular maturity, An average number of
three ulirasound scans during each treatment cycle has been reported (3),

In our transport IVF programme, monitoring of COH has always been limited to ultrasound
scans only. In order to reduce the monitoring procedure firther, a minimal monitoring protocol
was introduced. The first ultrasound scan was carried ont after 7 days of IMG administration,
When the criteria described were met, normal further development of folticles was anticipated and
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oocyte refrieval was planned. After introduction of this monitoring protocol the number of ultra-
sound scans and patient visits during the stimulation phase was reduced by almost 50%. Sixty-fwo
percent of IVF cycles were monitored with one ultrasound measurement only, No adverse effects
on the outcome of IVF treatment were found. Although the pregnancy rates in the group with
minimal monitoring were higher compared to the group with conventional monitoring, the differ-
ence was not statistically significant. Finding a difference for pregnancy ratc between the two
groups was not an objective of this study and would have called for a far larger sample size. In
addition, a better outcome of IVF treatment is not to be expected from less infensive monitoring.
Pregnancy rates in the prospectively studied groups were higher compared to the refrospectively
studied groups, although the difference was not statistically significant, In an earlicr study evalu-
ating the results of 2207 consecutive IVF cycles in the same programme, a pregnancy rate of
28.7% was found for both transport clinic and satellite clinics (13). It appears that the results of
the studies described illustrate the occasionally occurring fluctuations of results in an IVF pro-

granmme.

Figure 2, The number of USM and duration of BMG stimulation with conventional monitoring at

Satellite Clinics.
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In TVF treatment the development of mild ovarian hyperstimulation, allowing recruitment of a

cohort of mature follicles, is a primary goal. The development of an OFSS however, can not be
prevented in all IVF cycles, Estradiol peak level and rate of increase, dose of HMG, size and
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number of follicles developing and the number of oocytes collected are parameters used for the
prediction of the development of OHSS. A considerable overlap of distributions of these values
between control and OHSS populations has been found (14). In order to increase predictability of
OHSS, a formula for pre-oocyte retrieval conditions was established in a multiple discriminant
analysis, yielding a prediction rate for the development of moderate or severe CHSS of 76.1%
with a false negative rate of 18.1% (15), This formula can only be used after frequent hormone
assays have been carried out and calls for an intensive and expensive monitoring procedure. How-
ever, OHSS is not prevented in all cases. The value of ultrasonography in predicting the develop-
ment of OHSS by number and size of follicles has been assessed (16). In view of this, cycles in
the present study were only cancelled for impending development of OHSS when more than 35
follicles, with a diameter > [0 mun, were seen to develop during COH, No cancellations for this
reason occurred during the study period, Nevertheless, three cascs of severe OHSS were found in
our sfudy groups, one in the group with minimal monitoring, two in the groups with conventional
monitoring. This incidence of OHSS (0.75%) is comparable with the results of programmes using
combined ulirasound measurements and hormone assays (17).

In conclusion: minimal monitoring simpkifics IVF treatment, causes tess inconvenience for the
patient and is more cost-effective. The outcome of IVF treatment is not affected and the inci-

dence of development of OHSS does not appear to be increased.

Refercnces

1. Rainhora JD, Forman RG, Belaisch-Allart I, Hazout A, Fries N, Testart J, Frydman R. One
year cxperience with programumed oocyte retrieval for IVE. Hum Reprod 1987;2:491-4,

2. Tan SL, Balen A, El Hussein E, Mills C, Campbell S, Yovich J, Jacobs HS, A prospective
randomized study of the optimum timing of human chorionic gonadotropin administration
after pituitary desensitization in in vitro fertilization. Fertif Steril 1992;57:1259-64,

3. Tan SL. Simplifying in-vitro fertilization therapy. Cirr Op Obs! and Gynaec 1994;6:111-4.

4. Leerentveld RA, Janssen-Caspers HAB, v Os HC, Scholtes MCW, Wiadimiroff JW, Zeil-
maker GI, de Jong FH, Alberda ATh, The value and role of plasma 17-oestradiol measure-
ments during ovarian hyperstimulation for in-vitro fertilization. Fum Reprod 1988;3:735-9,

5. Kemeter P, Feichtinger W. Experience with new fixed-stimulation protocol without hormone
determinations for programmed oocyte retrieval for in-vitro fertilization, Hum Reprod 1989,
4:53-8.

39



10.

11.

12,

13.

14,

16.

1.

40

Vl0aisavijevic V, Kovacic B, Gavric V. In vitro fertilization program based on programimed
cycles monitored by ultrasound only. fnt J Gynaecol Obstet 1992;39:227-31.

Huisnran GJ, Lo-A-Njoe NM, Alberda AT, Leerentveld RA, Verhoeff A, Zeilmaker GH.
Comparison of results obtained with human serum and a protein solution as a supplement for
in vitro fertilization culture medium, Ferfil Steril 1992;58:637-9.

Golan A, Ron-el R, Herman A, Soffer Y, Weinraub Z, Caspi E. Ovarian hyperstimulation
syndrome: an update review. Obstet Gynaecol Surv 1989;44:430-40.

Abdalla HI, Baber RJ, Leonard T, Kirkland A, Mitchell A, Power M, Owen E, Studd W,
Timed oocyte collection in an assisted conception programme using GuRH analogue. Hum
Reprod 1989;4:927-30.

Howard WF, Chihal HJ, Strain CA, Smith M. Programmed stimulation reduces cycle cost
and stress with no compromise in cycle quality: usc of a modified programmed protocol. J /n
Vimo Fertil Embryo Transfer 1988;5:343-6.

Chenette EP, Sauer MV, Paulson RJ. Very high estradiol serum levels are not detrimental to
clinical outcome of in vitro fertilization. Fertil Steril 1990;54:858-63.

Nilsson L, Wikland M, Hamberger L, Hillensjé T, Chari S, Sturm G, Daume E. Simplifica-
tion of the method of in vitro fertilization: sonographic measurements of follicular diameter
as the sole index of follicular maturity. J fn Fitro Fertil Embryo Transfer 1985;2:17-22.

Roest J, Verhoeff A, van Lent M, Huisman GlJ, Zeilmaker GH. Results of decentralized in-
vitro fertilization treatment with transport and satellite clinics. Hum Reprod 1995;10:563-7.
Delvigne A, Vandromme I, Barlow P, Lejeune B, Leroy F. Are there predictive criteria of
complicated ovarian hyperstimulation in IVF? Hum Reprod 1991;7:959-62,

. Delvigne A, Dubois M, Batthen B, Bassil S, Meuleman C, De Sutter P ¢t al, The ovarian hy-

perstimulation syndrome in in-vitro fertilization; a Belgian multicentric study. 2. Multiple
diserimvinant analysis for risk prediction. Hum Reprod 1993;8:1361-6.

Blankstein J, Shalev I, Saadon T, Kukia EE, Rabinovici I, Pariente C, Lunenfeld B, Serr DM,
Mashiach S. Ovarian hyperstimulation syndrome: prediction by number and size of preova-
latory ovarian follicles. Fertil Steril 1987;47:597-602.

Rizk B, Smitz J, Ovarian hyperstimulation syndrome after superovulation using GnRH ago-
nists for IVF and relatedprocedures. £fum Reprod 1992;7:320-27.



Chapter 3

The logistical advantages of gonadotrophin-releasing
hormone agonists in IVF
{Submitted for publication)

Jan Roest!, Arne M. van Heusden?, Gerard H. Zetlmaker®, Arie Verhoeff!

'Department of Obstetrics and Gynaecology, Zuiderziekenhuis, Rotterdam. “Department of Ob-
stetrics and Gynaecology University Hospital Dijkzigt, Rotterdam. *Departiment of Endocrinology
and Reproduction, Erasmus University, Rotterdam.

Summary

For routine use of gonadotrophin-releasing hormone agonists (GnRH-a) in an IVF programme the
short flare-up protocel and the long protocol give comparable clinical results. Both protocols are
usetul for organizational purposes and offer important logistical advantages for IVF programmes,
In terms of cost, time and inconvenience for patients the short flare-up protocol seems to be the
most appropriate regimen for routine use. The intranasal administration of GnRIl-a appears to be

equally efficacious when compared with the subeutaneous route.

Introduction

Gonadotrophin-releasing hormone agonists combined with human menopausal goualdotrophin
{(HMG) are now widely used for controlled ovarian hyperstimulation (COH) in IVF programmes.
Initially GnRH-a were introduced as a pretreatment before COH after tailed IVF attempts (1-5).
The administration of GuRH-a gives an initial stimulatory phase (“flare-up”) followed by down-
regilation of pituitary GnRH receptors, resulting in the reduction of the release of gonadotrophins
by the pituitary gland. This suppressive effect of agonists on the endogenous gonadotrophins
leads to ovarian quiescence, and prevents the recruitinent of follicles induced by pituitary FSH,
that is optimally initiated in the late luteal phase of the preceding cycle, The administration of
gonadotrophins when pituitary suppression and ovarian nactivity are achieved, results in a syn-
chronous development of a larger cohort of follicles, and consequently in a larger oocyte yield
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and lower cancellation rate (6). With the administration of GaRH-a during COH, the developing
oocytes are protected from perturberations in Juteinizing hormone (LII) release which are thought
to be detrimental to the normal maturation of the egg (7, 8). Also, beneficial effects in patients
with high tonic LI levels have been described (9). Smitz et al. (3) reported occurrence of a pre-
mature siwrge of LH without the use of agonists in 15% fo 30% of patients. Loumaye (10) found
that without the use of GnRH-a one half of cocyte collections were timed by an endogenous LH
surge, whereas the other half were timed by HCG administration. Through the control of the
preovulatory LH surge spontancous ovulations are prevented and expensive and cumbersome
monitoring in order to detect a putative LH surge is not necessary. Therefore, the timing of cocyte
retrieval has become less critical (11), giving considerable organizational advantages for IVF pro-
grammes, and making programmed IVF possible (12, [3).

Different protocols have been developed for the use of GaRH-a in IVF: the long down-
regulating protocol, and the short ‘flare-up’ and ultra-short protocol. Some aspects of these proto-
cols will be discussed with an emphasis on the logistical advantages of the use of agonists during
COH. Furthermore, the experiences with GnRH-a in the fransport IVF programme at the

Zuiderziekenhuis, Rotterdam, are reported.

The long down-regulating protocol

The logistic advantages of the use of the long down-regulating protocol in IVF have been stressed
by several authors (14-16). Wikland et al. (15) described a considerable simplification of the
momntitoring of COH, and avoidance of oocyte collections during weekends, without a decrease in
pregnancy rate. In the long down-regufating protocol the administration of gonadotrophins for
ovarian hyperstimulation is started after pituitary down-regulation is achieved.

Conflicting reports have been published with respect to the preferred phase in the menstirual
cycle for starting desensitization. Good results with the initiation of GnRH-a in the early follicular
phase have been reported by Pellicer et al. (17). Urbancsek and Witthaus (18) conducted a mul-
ticenter study and found that clinical and live birth rates arc higher when the agonist was started
in the midhuteal phase rather than in the early follicular phase. Two recent studies found compara-
ble IVF results after starting down-regulation in different phases in the menstrual eycle: Ferraretti
et al. (19) found that agonists can be started irrespective of the cycle phase, and Konaveeti et al,
(16) reported that both follicular and futeal phase initiation of GnRH-a are equally efficacious.
Although long-acting GnRH-a is more convenient for patients than a daily administration of a
short-acting one, it has been reported that leng-acting GnRH-a might interfere with the [uteal
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phase and embryo development (20, 21). Therefore, short-acting GnRH-a should be preferred for
COIL

A disadvantage of starting the administration of agonists in the luteal phase is the possible
presence of a pregnancy. There are indications that GuRIl-a may have a detrimental effect on
corpus lutemn function by a direct effect on the ovary (22). In experimental studies an increase in
major fetal abnonmalities has been found after administration of a depot suspension of GnRH-a on
day 6 of pregnancy in rabbits {23). Although several authors reported normal pregnancies despite
the use of GnRH-a in the first frimester of pregnancy (24-28), the potential for teratogenicity may
exist and caution is indicated.

With the use of GnRH-a in the long protocol the costs of medication in IVF have increased.
The treatment cycle is lengthened by the time needed to achieve down-regulation, Complete
down-regulation can be assessed by serum estradiol (E.) estimations and ultrasound examinations
of the ovaries to screen for follicular activity, Therefore, although the fong protocol has practical
advantages for the organization of IVF programmes, the disadvantages for patients in terms of

cost, thme, and inconvenience can not be ignored.

The short flare-up protocol

The short flare-up protocol makes use of the initial release of endogenous gonadotrophins to
augment follicular recruitiient and the suppression of endogenous gonadotrophin secrction there-
after. In this protocol the agonist is started in the early follicular phase of the cycle, followed by
the administration of gonadotrophins 1-3 days later. When the agonist is continued until the day
of HCG adiminisiration, the pretocel is called the short protocol, and, if it is administered for an
initial 3 days only the ultra-short protocol, Initially meant to block the LH surge during COH (29},
it appeared that the “flare-up” effect, i.e., the initial gonadotrophic stimulation induced by the
analogue prior to gonadotrophic descnsitization, could play a role in the shorter duration of ovar-
ian stimulation (30, 31). Ut has been reported that the flare-up protocol might be the therapy of
choice for patients at risk of a poor ovarian response during COH (32, 33).

The short-term GnRH-a regimen can be combined with progestagen pretreatinent to allow for
an advanced scheduling of the moment of ococyte retricval (34). It has been shown that the ovarian
response to COH with the flare-up protocol is not affected by progestagen administration in the
previous cycle, irrespective of the patient’s age (35, 36). Although pretreatment with norethis-
terone decreases the E; flare-up, the predictive value of the initial change in E; level reported by
Winslow et al, {37) is not changed, and the outcome of the IVF cycle is not influenced (38).
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Between January 1989 and August [996, 1823 patients had their first IVF cycle in the trans-
port IVE programme at the Zuiderziekenhuis in Rotterdam, The flare-up protocol was used in
1598 cases (88%), the long protocol with a midhuteal start of GnRH-a in 89 cases (5%). The re-
maining 138 patients (7%) were treated without GnRH-a during COH in their first IVF cycle.
Monitoring of COH was carried out without E; determinations and with transvaginal ultrasound
measuremeitts only. Pespite the limited monitoring procedure (39), a spontaneous ovulation oc-
cwred in only 5 cases ((.3%) in the group treated with the flare-up protocol. This compared fa-
vourably with the 4 cases (3%) of spontaneous ovulation in the patient group treated without ago-
nists (P < (.01, & test). Spontancous ovulation did not occur in the group of 89 patients treated
with the long protocol. In the flare-up protocol four different GuRH agonists were used, three for
subcutaneous injection: leuprolide (Lucrin®, Abbott), buserelin (Suprefact®, Hoechst), and trip-
torelin (Decapeptyl®, Ferring), and one for intranasal use: nafarclin (Synarel®, Searle).

Table 1, Resuits of First IVF Cycles with the Fiarc-up Protocol.

Leuprolide Buserelin Triptorelin  Nafarelin intranasal

1 mg s.c. 500 ug s.c. 0.1 mg s.c. 200 pg b.d,
Started cycles 720 114 387 377
Cancelled, poor response * 20 (2.8) 4 (3.5) 7(1.8) §(2.1)
Cancelled, other reasons 2 4] 1 2
Premature ovulation 1 i 2 ‘ 1
Oocyte retrievals 697 169 377 366
Qocytes retrieved T 100+ 638 123 L 103 .1 £7.6 104£7.0
Clinical pregnancies I 168 (24) 21 (19) 82 (22) 92 (25)
Ongeing pregnancics § 144 (21) 18 (I7) 63 (17) 76 (21)

* Values in parentheses are percentages of started cycles.
I Values in parentheses are percentages per oocyte retrieval.
T Means + SD.

The results of these cycles are shown in table 1. Obviously, the clinical results of the four agonists
in the short protocol are comparable. In table 2 the results of the two different routes of admini-
stration of GnRH-a, intranasally for nafarelin and subcutancously for buserelin, leuprolide and
friptorelin, are compared, No statistically significant differences were found for the different pa-
rameters {y* test and Student’s t-test used where appropriate). In this retrospective analysis of our
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population, the infranasal administration of GnRH-a appeared to be equally efficacious when
compared with the subcutaneous administration.

The casy intranasal administration of nafarelin and the good clinical results described in sev-
eral studies (40, 41) have made nafarelin an option for use in COH for IVF. The efficacy of in-
tranasal nafarelin in the flare-up protocol has been described (42). The results obtained with na-
farelin in the short protocol in the transport IVF progranuime confirm these findings.

Table 2. Results of the Flare-up Protocol with Intranasal versus Subcutaneous GnRH-a in First
IVF Cycles.

GnRH-a s.c. GnRH-a intranasal P value

Started cycles 1221 375

Cancelled poor response * 31 (2.5) 8(2.13 NSt
Premature ovulation * 4(0.3) 1 (0.3) NS
Qocyte retrievals 1183 366

Qocytes retrieved I 10675 104+ 7.0 NS
Clinical pregnancies § 271 (23) 92 (25) NS
Ongoing pregnancies § 225 (19) 76 (21) NS

* Values in parentheses are percentages of started eycles.

T NS, not significant, y* test.

I Means £+ SD.

§ Values in parentheses are percentages per oocyte refrievat,

Long protocol versus short protocol

Although several studies have shown that the combination of GnRH-a with HMG results in higher
pregnancy and live birth rates and reduced cancellations due fo poor follicular response or pre-
mature lateinizing hormone surges (6, 43, 44), the routine use of GnRH-a for patients undergoing
IVF appears to have more practical than medical advantages (45, 46, 19). However, the combina-
tion of GnRH-a and gonadotropins has become the most widely used regimen for COH in IVF
programmes. The different protocols used for GnRH-a have been compared in several studies. In
the first randomized study comparing long and short protocols Frydman et al. (47) concluded that
the clinical results of the two protocols are similar, and that other factors should be taken info ac-
count when deciding what protocol is to be used. Conflicting results have been published by other
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authors. In a meta-analysis of ten prospective randomized clinical trials, Hughes et al. {44) found
no significant differences between the long and short protocol with respect to cycle cancellation
and pregnancy rates. Tan et al. (48) reported higher probabilities of conception and live birth with
the long protocol, but this study was retrospective.

In the short protocol the initial release of endogenous gonadotrophins augments follicular re-
cruitment. A shorter duration of stimulation and lower doses of exogenous gonadotrophins needed
using the short protocol have been reported in comparative studies (34, 49). However, in several
other studies no cffect of the “flare-up” effect itself could be demonstrated when the stimulation
requirements in the short and the long protocol were compared (47, 49-51), In patients at risk of a
poor response the short flare-up regimen seems to have advantages over the fong protocol (32,
33). Muasher (32) stated that prior suppression with GnRH-a in poor responders might result in
excessive dampening of the ovarian response. The suppression of LH levels throughout the late
follicular phase may not be as complete with the short protocol as with the long protocol, Ele-
vated endogenous LH levels have been reported to lead to a higher incidence of poor fertilization,
failure of implantation and early abortion {7, 8). Acharya et al (50) found no premature LH surge
with the flarc-up protocol in any of the cycles studied. However, LI surges might occur more
frequently with the ultra-short protocol {52).

The logistical advantages of the long and the short protocol are comparable as programmed
IVF has been described using both regimens. The feasibility of minimal monitoring during COH
with both protocols has also been reported (15, 39)
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Age and IVF treatment
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Introduction

Delayed childbearing is increasingly comumon in the western world. The availability of measures
for birth control, educational and career priorities for women, and the increased rates of divoree
and remamiage arc factors causing this phenomenon. Postponement of childbearing simultane-
ously increases the chance of exposure to sexually transmitted discases and correlated infertility
due to tubal dysfunction. Possible sub- or infertility will become evident at a higher age. The de-
crease in fecundity (ability to procreate) of women of advanced age is generally known., Schwartz
and Mayaux (1) analysed the results of artificial insemination in 2193 nulliparous women with
azoospermic husbands and found evidence for a decreasc in fecundity of women after the age of
30. Postponement of childbearing resulting in prolonged exposure to factors affecting fecundity,
combined with the natural reduction of fecundity, causes an increased proportion of patients in
the higher age groups to consult infertility services. The patient’s age should be taken into account
when trealment choices are made to correct infertility,

Treatment of infertile patients, after documeniing tubal patency, with ovarian stimulation and
intra-uterine insemination has shown a very low success rate in women above 40 years of age.
Frederick et al. {2) reported a 5% pregnancy rate per cycle in patients above 40 years compared to
10% in the group below 40 years. In these paticnts the most efficacious treatment for infertility
should be chosen since they have only few reproductive years left. Consequently, assisted repro-
ductive technologies (ART) are frequently applied in higher age groups. However, the limited
results obtained in patients above the age of 40 years make the utilization of techniques for as-
sisted reproduction controversial in these cases. Advanced age is correlated with a poor response
to controlled ovarian hyperstimulation (COH) for IVF (3} and high cancellation rates during COH
(4, 5). The pregnancy rates of patients above 40 years arc decreased and the rates of miscarriage
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are highly increascd when compared to lower age groups. Padilla and Garcia (6) found a 9% on-
going pregnancy rate per embryo transfer (ET) in patients aged 37 years compared with a 26%
ongoing pregnancy rate in patients younger than 30 years. Results from The American Fertility
Society Registry (5) show a 10.8% delivery rate per ET in patients above 39 years compared to
30.4% below 40 years. Tan et al. (7) found a cumulative conception and livebirth rate after five
treatment cycles of about 54% and 45% respectively at 20-34 years, compared with 20.2% and
14.4% above 40 years. Results of 492 TVF units, collected from national surveys and registries of
different countries, over the period 1985-1989 show a live birth rate of 5.8% per transfer cycle
above the age of 40 years (8). Check et al. (9) found a significant effect of age in patients above
35 years with multiple factors causing infertility in a prospective study.

The miscarriage rate in IVF pregnancies above 40 ycars varies between 41-62.5% of clinical
pregnancics (5, 0, 8, 10). Poor results obtained in the patient group aged 40 years or more has led
to an age limit for acceptance for IVF treatment in most government supported programmes.
However, one can ask the question whether a strict age limit for acceptance of patients is justified
since the patient’s performance in ART appears to be more closely related to ovarian age than to
chronological age (3). Other clinical parameters iike prevalence of spontaneous menstrual cycles
or cven normal ovulatory cycles, can not be used for an adequate prediction of the response to
COH (11). Endocrine parameters proved to be more useful as a prestimulation test and can be
used for counselling patients on their chances for a succesful ovarian stimulation for IVF treat-
ment. The determination of basal follicle-stimulating hormone (FSH) levels (3), clomiphene cit-
rate stimulated FSI levels (12), and the gonadotrophin-releasing hormone agonist (GnRH-a)
stimulation test (13) prior to COH have been proposed in this respect.

Several stimulation protocols have been developed in order to improve the outcome of IVF
treatment in patients with a poor prognosis or a previous poor ovarian response to COH (14-18).
More effective stimulation protocols might improve the IVF results in patients of the higher age
Zroups.

Assisted hatching has been proposed as a method to improve the implantation rate in cascs
with a poor prognosis. Cohen (19) and Schooleraft {20) advised this micromanipulative procedure
for patients aged above 38 and 39 years respectively.

According to several authors replacement of more than two embryos should be avoided in
IVF-cases with a good prognosis (21, 22). The embrye implantation rate has been reported to de-
cline after the age of 35 and appears to be low in patients above 40 years (23, 24). In IVF pro-
grammes with similar results, replacement of 3 or 4 embryos seems justified after the age of 40
years, thereby enhancing chances for a favourable outcome, However, the prevalence of triplet

pregnancies should remain a concern when decisions on embryo replacement policy are made,
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Oocyte donation (OD), with oocyles obtained from a younger donor, appears to be a good al-
ternative for women in the higher age groups who have failed to achieve a pregnancy with their
own cocytes due to a poor response to ovarian stimulation {25-27). As a result of OD pro-
gramnes, pregnancies and deliveries in elderly and postmenopausal women have been reported.
Age limitation in OD programmes is highly controversial. By only selecting women in good
health as acceptors of oocytes it is reasonable to expect that the incidence of complications will be
reduced (28).

Methods to select patieats in the higher age groups with a fair chance for a succesful outcome
of IVF treatment, and the various possibilitics to enbance the chances for a succesful pregnancy

are discussed hereafter,

Prestimulation tests

{ncreased ovarian age, resulting in decreased ovarian function and diminished ovarian reserve,
can cause a poor follicular response to COH (3). When a “poor ovarian response” occurs, mean-
ing that only one or two follicles develop, the IVF cycle can be cancelled, or the procedure can be
continued, consequently with a very limited chance of succes. 1t would be useful if patients with a
poor response to ovarian stimulation could be identified before a time-consuming, stressfull and
cxpensive IVF procedure has been started.

Muasher et al. (29) investigated the predictive value of basal gonadotrophins for the quality of
COH in a prospective study. Tt was concluded that measurement of basal serum gonadofrophin
levels offers the possibility to distinguish between populations of IVF patients who tend to behave
differently in estradiol (E;) response, numbers of cocytes obtained, embryos transferred and preg-
nancy rates. Follicle-stimulating hormone levels on cycle day 3 have also been shown to be pre-
dictive of IVF outcome by Scott et al. (30). The authors distinguished three patient groups with
different basal FSH levels (< 15 mIU/ml, 15-24.9 mIU/mi and >25 miU/ml} showing signifi-
cantly different ongoing pregnancy rates (17.0%, 9.3% and 3.6%). Toner et al. (3} reported results
of 1478 consecutive IVF cycles, analyzed to determine if basal FSH levels and age are independ-
ent predictors of IVF performance. Pregnancy rates declined as age and basal FSH increased.
Pregnancy rates per attempt steadily declined as basal FSH increased up to 20 mIU/ml, thereafier
the decline was abrupt. Less than 5% term pregnancics per IVF attempt were found in cases with
a basal FSH > 25 milU/inl. The relationship between increasing age and pregnancy rate per IVF
attempt was steady throughout the observed age range. Ongoing pregnancy rates fell from 28%
percent in patients in their mid-twenties to 12 % around the age of 40 years. The risk of cancella-
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tion of the IVF attempt was strongty related te basal FSH ievel (FSH > 30 mEU/ml : 40% cancel-
fation rate), However, no relationship was found between cancellation rate and age, The authors
conclude that the basal FSH level is a better predictor of IVF performance than age. The clo-
miphene citrate (CC) challenge test was used by Navot et al. (31) to prospectively assess the fer-
tility potential in 51 women aged 35 or more with unexplained mnfertility. Although all women
had a normal baseline FSH and regular menstrual periods, 18 had a high FSH response of 26
mlb/ml or more (> 2 standard deviations above control levels) after administration of 100 mg
clomiphene from cycle day 5-9. In this group one out of 18 patients concieved compared to 14 of
the 33 patients with a normal FSH response. There was no difference in age between the groups
(40.0 and 39.6 years respectively).

Tanbo et al. (32) found poor responders to ovarian hyperstimulation with an abnormal FSH re-
sponse to CC to have a low chance of success in finther 1VF attempts. The total pregnancy rate
per patient, including spontaneous conceptions during the study period was 4% in the abnormal
response group, compared to 33% in the normal response group. In a later prospective study,
Tanbo et al. (12} showed the CC challenge test to have a  better prospective value than the basal
FSH level. In a group of 37 patients with an excessive FSH response to CC administration, 46
(85%) of 54 cycies were cancelled because of poor response to ovarian stimulation. Loumaye et
al. {33) used the sum of basal FSH (FSHI1) and FST (FSH2) after CC intake as the parameter cor-
relating best with a subsequent response to COH. This way the dependency on putative FSH assay
inaccuracy and fluctuation of the FSH concentrations due to pulsatile excretion was reduced. The
reference value for FSH1 + FSH2 was determined to be 26.03 mlU/mi. The number of follicles
aspirated, cocytes retrieved and embryos obtained were on average six times lower in the 20 pa-
tients with a CC challenge test above this reference than in 20 controls with a test result within the
reference limits. In the group with an abnormal test result no preghancy was obtained.

Olivennes et al. {16) described the exogenous FSH ovarian reserve test. When a poor ovarian
response is expected i.c. age > 37 years, or when cycle irregularities, ovarian pathology or poor
response in previous cycles have been found, patients recieve 300 IU of purified FSH on the third
day of the mensfrual cycle. Basal FSH and E: level before FSH administration, and the E; level 24
hours later are determined. With a basal FSIH > 10 miU/ml and an E. increase < 30 pg/ml the
proguosis was considered poor.

Padilla et al. (34) investigated the prognostic value of the early serum E; pattern in response to
leuprolide acetate in a GnRH-a flare-up protocol. In patients with an absent early E, response be-
fore ovarian stimulation started on cycle day 3, the clinical pregnancy rate per cycle was 6%

compared to 37% in the group with rising estradiol levels,
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Winslow et al. (13) also described a GnRIH-a stimulation test used in a group of 228 patients
with a mean age of 36.6 + 3.6 years. In contrast to Padilla et al. these authors found no significant
correlation between the early E, pattern and the pregnancy rate. In their study they concluded that
the initial change in E; level is a sensitive predictor of performance in the flare-up TVF cycle. Pa-
tients who had less than a doubling of their E; level on cycle day 3 compared to day 2 had a high

cancellation rate (39%) during subsequent ovarian stimulation with gonadotrophins.

Controlled ovarian hyperstimulation in “poor responders”

Although the first successful IVF treatments were achieved in spontaneous cycles {(35), COH is
now used prior to oocyt retrieval. With COHM, more oocytes can be obtained during follicle aspi-
ration and a higher number of embryos available for replacement consequently Icads to higher
pregnancy rates (23). A poor response to ovarian stimulation is more frequently seen in higher age
groups and this often leads to cancellation of IVF cycles. The definition of poor response differs
between authors (15, 18, 24, 36). An E; level < 300 pg/mL and fewer than three follicles with
diameter > 15 mm prior to adiministration of human chorionic gonadotrophin are the most fre-
quently mentioned criteria. Studies with poor responders are characterized by a selection bias and
results from different studies are frequently contradictive. Thus, proposing an optimal treatment
for poor responders to COH is one of the challenges in assisted reproduction, Increase of the
doses of human menopausal gonadotrophin (HMG) does not necessarily lead to a better follicular
response. Interestingly, Ben-Rafael et al. (37) found a higher number of oocytes obtained after
stimulation with 150 1U HMG daily as compared to that with 225 TU, Benadiva et al. (38) studied
hormonal profiles and follicular growth in high and low responders with different doses of HMG.
In low responders they found no positive effect of higher doses HMG on E; concentrations or on
follicutar development, However, the number of patients in this study was low (8 high responders
versus 6 low responders) and the difference in mean age between the groups was considerable (31
+ 1.5 and 35 £ 1.8) although not significant in this small group. In support of this study, Karande
et al. (39) found no improvement in cocyte yield afler high-dose FSH stimulation at the onset of
the menstrual cycle in low-responding patients. In the same study no beneficial effect was found
of the administration of 6 ampules of pure FSH instead of 4. However, other authors have found a
positive effect of the administration of higher doses of gonadoirophins in poor responders. Hoff-
mann et al. (18) treated patients with one or more previous poor responses to COH with high
doses of FSH (450 1U instead of 300 IU daily)., There was no ditference in age (36.1 + 3.3 and
36.3 &+ 2.9 years respectively) or basal FSH levels between the two patient groups. High dose cy-
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cles showed a significantly lower cancellation rate and a higher pregnancy rate. The numbers of
oocytes retrieved and embryos transferred were also higher after administration of FSH 450 1U
daily but these differences were not significant.

Doubling the HMG (225 {U to 450 IU) dose in the course of an TVF freatment cycle in fow re-
sponders appeared not to be effective 1o enhance the ovarian response in a prospective, random-
ized study by Van Hooff et al. (40).

Changing a stimuiation protocol using HMG only, fo a protocol combining clomiphene cifrate
and MG, does not improve the ovarian response in 2 group of poor responders as reported by
Pellicer et al. (41). The authors observed no significant difference between the two stimulation
protocols with regard to the cancellation rate or the number of oocytes retrieved per cycle,

The use of GuRH-a suppression followed by COH has generally proven to be useful in low-
cring cancellation rates, improving folficular growth and the yield of cocytes in IVF treatment(42,
43). Serafini (14) reported a beneficial effect of the use of GnRH-a in a group of poor responders
with normal basal FSH levels. By contrast, other authors (15, 44) advise to avoid GaRH-a sup-
pression prior to COH in low responders when the disorder is located at the ovarian level and not
at the hypothalamic/pituitary level, The short flare-up GnRHa protocol seems however (o have a
place in the treatmment of poor responders. Muasher {15) described a modified flare-up GuRHa
protocol combined with high-dosage FSH (450-600 TU) in a step-dowir manner for previous poor
responders. They reported a cancellation rate of 5% and a 21.3% clinical pregnancy rate per cycle.

Adjuvant growth hormone (GIH) treatment, after pituitary suppression, has been proposed for
- ovarian stimulation in order to improve the results. Owen et al. {45) investigated the effect of GH
cofreatment in 25 IVF patients who had previously responded suboptimally to ovarian stimula-
tion, In their s'tudy the authors found that a significantly higher number of follicles developed
during stimulation with GH cotreatment. However, from this study it can not be concluded that
GH is beneficial 10 poor responders in general. A previous suboptimal result was defined as less
than 6 oocytes obtained during a previous IVF cycle. Besides, the augmentation of ovarian re-
sponse the authors found, was only seen in the large subgroup with pelycystic ovarian syndrome.
Hughes et al. (46) and Bergh et al, (47) could not find a beneficial effect of the use of GH i ran-
domized, double-blind, placebo-controlled studies. Therefore, it can be concluded that the use of
GH in patients with a previous poor response to COH due to increased ovarian age is not indi-

cated.,
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Use of assisted hatching

Impairment of healthy embryos to hatch from the zona pellucida has been postulated by Cohen et
al. (48} as one of the causes for early embryonic demise in IVF procedures. A micromanipulation
to promote hatching by introducing an artificial incision in the zona pellucida of early cleaved
embryos prior to replacement was described. According to the authors this procedure facilitates
the hatching process mechanically and so they called it assisted hatching, One should bear in
mind however, that the occurrence of hatching in vivo has not been demonstrated in the human
species. In addition, in the mouse, where blastocysts hatch in vitro, hatching has never been ob-
served in vivo during a normal pregnancy. The authors report a significant difference in embryo
implantation rate (EIR} of 23% after assisted hatching compared with [1% in the control group.
In a later publication Cohen (19} reported three trials designed to investigate the effect of selective
assisted hatching by drilling of the zona pellucida of embryos. Patients whose cmbryos had thick
zonae (= 15 mm) derived a benefit from zona drilling, while embryos with thin zonae (< 13 mm)
may be jeopardized by the procedure. Although more embryos appeared viable in all age groups,
statistical significance could only be demonstrated in patients above 38 years of age. In this group
the EIR improved from 3% to 16%. Another report on the improved TVF results after assisted
hatching in poor prognosis patients confirmed these findings. Schooleraft et al. (20) defined poor
prognosis as: basal FSH > 10 mIU/ml, age > 39 years or nultiple prior IVF failures. In a con-
trolled study 122 embryos underwent assisted hatching. The implantation rate of these embryos
was high: 33% versus 6% for the 185 non-treated embryos in the control group. This difference
was highly significant. The incidence of ongoing pregnancy in the assisted hatching group was
64% compared to 19% in the control group. Earlier implantation after assisted hatching was re-
ported by Lin et al. (49). The implantation time, calculated by assessing human chorionic go-
nadotrophin serum levels, proved to be significantly shorter in the assisted hatching group. The
authors postulated that assisted hatching not only enhances embryo implantation by mechanical
facilitation, but also by allowing carlier embryo-endometrivim contact, enabling a higher percent-
age of embryos 1o hatch during the critical time-window of implantation. Data on assisted hatch-
ing have mainly been published by Cohen et al. The lack of confirming reports may be due to
technical difficulties with the procedure itself. Possibly, the potential for embryo damage during
transfer is increased after assisted hatching, making a gentle afraumatic transfer necessary (20).
Trials from other IVF progranmunes confinming the efficacy of assisted hatching are needed.
Another micromanipulative technique, the intracytoplasntic sperm injection (ICSI), will al-

most certainly be introduced in poor responding patients above the age of 40 in order to obtain a
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high fertilization rate of the few ova obtained. So far no reports on this subject have been pub-
lished.

Embryo transfer policy

The number of embryos to be transferred in IVF is still a controversial issue. Replacemient of a
higher number of embryos enhances the chance to obtain a clinical pregnancy in IVF treatment
(23, 50, 51). A preguancy rate of 55% has been reported by Nijs et al. (51) after replacement of
four embryos. On the other hand, transfer of a higher number of good quality embryos leads to an
increased number of twin and triplet pregnancies (52), Triplet pregnancies should be avoided be-
cause of the social and medical risks for the mother and children (53). Several authors advised
replacement of two embryos only in order to avoid triplet pregnancies (21, 22, 51). In these stud-
ies the restricted embryo replacement policy did not affect the pregnancy rates significantly.
However, in two of these three studies the investigators used an age limit for this policy. Stacssen
et al, (21) replaced two embryos only when the following criteria were fulfitled; first attempt for
1VF, less than 37 years old, and good embryo development. Vauthier-Brouzes et al. {22) used the
age limit of 35 years as one of the criteria. Nijs et al. (51) mentioned no age limit for replacement
of the maximum nwmnber of two embryos, but in a later paper Nijs (52) mentioned an ongoing trial
with patients > 35 recieving two or threc embryos in an alternate manner. Although replacement
of only two embryos appeats to be advisable, a lower embryo implantation rate in higher age
groups has been reported (23, 24). Therefore, the age of the patient could be regarded as one of
the parameters before a decision on the number of embryos to be transferred is taken. On the other
hand, a report by Arthur et al, (54) on 1190 consecutive IVF cycles showed no significant differ-
ence in the embryo implantation rates in different age groups. Replacement of three or four em-
bryos in older patients, although possibly indicated to enhance the chances for a pregnancy, will
inevitably lead to high-order pregnancies in some cases and should therefore be discouraged.

Oocyte donation
Lutjen et ab. (55) reported the first human pregnaney after implantation of a donated ovum and

proposed the procedure as freatment of infertiliy due to primairy ovarian failure. Since then sev-
eral indications for this technique have been added. Serhal and Craft {25) extended the use of oo-
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cyte donation (OD) to infertile women with a poor response to standard ovulation induction, re-
peatedly failed IVF or gamete intrafallopian transfer and to infertile women over forty years of
age who are still menstruating. Saver et al. {(56) and Abdalla et al. (57) reported the use of OD as
treaiment for women over 40 years old with ovarian failure, In the past few ycars several reports
have appeared of progranunes accepling recipients for OD in even higher age groups (58-60).
Oocyte donation in order to achicve pregnancies in post-imenopausal women is controversial and
ethical aspects have been discussed by Edwards (61) and Antinori {62),

A survey in the United States showed that 27% of the clinics providing OD programmes had
o upper age limit for recipients, while many clinics (31%) excluded recipients above 40 years of
age from their programmes (63). |

It has been argued that pregnancy obtained by OD in older women, may expose the recipicnt
to an unacceptable high risk. Kirz et al. (64) concluded in a refrospective study that women above
35 years of age, who are delivered in a modern tertiary care centre, may however be at no higher
risk of adverse outcome than younger parturients aged 20-25 years, Analysis of data from 5[1
pregnancies in women aged 40 or older by Spellacy et al. (65) showed that older women of low
parity and normal weight can expect a good pregnancy outcome. A retrospective study of the out-
come of pregnancy in 100 primiparae aged 40 years and more by Brassil et al. (66) showed no
increase in maternal morbidity or perinatal mortality rate. Berkowitz et al. (67) studied the out-
come of pregnancy in first births in a hospital-based cohort study of 3917 patients with a singleton
pregnancy. Although women after the age of 35 appeared to have higher rates of complications of
pregrancy and delivery, their risk of a poor neonatal outcome is not appreciably increased. The
selection of healthy women as acceptors of donated oocytes may reduce risks (28). Sceveral proto-
cols for screening of recipients have been reported (58,60).

The results of OD progranumes have provided important information on the main factors in-
fluencing female fecundity at a later age. Ageing of the uterus has been considered an important
cause of infertility. Goswanyy cf al. {68) presented data from an ongoing study to test the hypothe-
sis that poor uterine perfusion is a cause of faflure of the implantation of embryos, Feidb.erg et al,
(4) suggested that the high abortion rate in women after the age of 40 years may also be due to
the ageing uterine environment. In one of the first larger studies on OD Abdalla et al. {57) found a
decerease in pregnancy rate in recipients aged 40-49 years. In their study the authors could not find
an adverse effect of increasing age of the donors on the pregnancy rate, However, in only 7 out of
100 donation cycles the oocytes were obtained fron: donors aged 35 years or more. Other studies
only partly confirm the contribution of aging of the uterus to the decline in fecundity with in-
creasing age. Levran et al. (69} found a significantly lower pregnancy rate in recipients aged over
33 years in 169 OD cycles. In the same study increasing age of the donor was related to a higher
miscarriage risk. Yaron et al. (26) retrospectively analysed results of standard IVF and OD in pa-
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tients < 40 and > 40 years of age. In standard IVF, clinical pregnancy rates were significantly
lower in the older patients: 12.9% versus 23.8%. In OD, with no difference in donor age and all
donors < 32 years old, pregnancy rates were also significantly lower in patients above 40 years:
21.2% versus 29.3%. The authors conchuded that the decrcase in endometrial receptivity with age
is responsible for the higher rate of implantation failure in older women. However, a pregnancy
rate of 21.2% after OD in patients aged = 40 years compared to 12.9% after standard IVF in the
same group suggests an effect of apeing of the oocytes.

Indeed, ageing of the ovaries appears to affect fecundity more than ageing of the uterus. It has
been demmonstrated that when oocytes are obtained from younger donors, the clinical pregnancy
rate and the embryo implantation rate are high, irrespective of the recipient’s age (25, 27, 57, 70).
Navot et al. (27) reported results of an oocyte donation programme with donors and recipients
sharing oocyies from the same cohort. Thirty-five woinen, aged 40 years or more (inean age 42.7
= 0.3}, who had failed to concieve with their own oocytes recieved oocytes donated by 29 young
women (incan age 33.4 & 0.7) undergoing IVF, Clinical pregnancy rates (33% and 40%) and de-
livery rates (23% and 30%) did not differ between donors and recipients. The authors stated that
the fact that ali the viable pregnancies with ovium donation took place after the failure of concep-
tionr with own oocytes excludes a negative effect of ageing on endometrial vasculature and uter-
ine blood supply. It thus appears that decreased embryo viability is the main cause of IVF failure
in patients above 40 years of age.

The establishment of artificial cycles is to be preferred in OD programmes. Down-regulation
of the pituitary gland with GnRH-a until serum levels of gonadotrophins reach basal levels is fol-
lowed by giving oral estradiol valerate to prepare the uterus. After 15 days, progesterone is added
in order to establish a secretory endometrivin. Using this scheme for steroidal support of the
uterus Edwards et al. {70) found acyclic women to be more fecund than cyclic women in an OD
progranune, Amenorrthoeic women concieved more frequently, and to higher ages. Serhal and
Craft (25) and Sauer et al. (56) also found high pregnancy rates after OD in acyclic women, but
the number of patients in their studies was limited. A large series of OD in amenoirhoeic women
after steroidal support of the uterus was reported by Yaron et al. (26). In 219 OD cycles 68 preg-
nancies were achieved, giving a pregnancy rate of 31.1%. This pregnancy rate was significantly
ligher than the 19.7% pregnancy rate in the group of 239 cyclic women. Tt can thercfore be con-
cluded that amenorrhoea niaintains a favourable uterus. It has even been suggested that a period
of induced amenorrhoea might improve the uterine environment in premenopausal women (70).

In OD progranunes the miscarriage rate is directly related to the age of the donor and not to
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the age of the recipient. Serhal and Craft (25) found only one miscarriage in 12 women older than
42 years who achieved a pregnancy after OD. Navot et al. (71) reported a 16.7% (2 of 12) preg-
nancy loss in women aged over 40 who recieved oocytes from a donor group with a mean age
30.2 £ 4.9 years. Abdalla ct al. (72) described an increasing miscarriage rate with higher donor
age. When the age of the donor was 35-39 years, the miscarrige rate for recipients was 43%. Con-
sidering the higher implantation rates and lower miscarriage rates after OD with oocytes from
younger women, OD has been proposed as an alternative for patients with a poor prognosis for
IVF treatment (25-27).

Conclusions

The patient’s age, although an indicator of fecundity, should not be the main parameter for
acceptance of patients for TVF treatment, Results of prestimulation tests like the determination of
basal FSH level and the clomiplene citrate stimulation test are more useful for counselling
patients before FVF treatment is started.

Several proposals have been made to improve the results of IVF treatment in patients above 35
years of age. Controlled ovarian hyperstimulation in older patients with a poor ovarian response is
still a controversial issue. Contradicting results have been published about the relation between
dosage of gonadotrophins used and oocyte yield. When a poor response to ovarian
hyperstimulation is expected, GnRH-a should only be used in the short flare-up protocol. Assisted
hatching of embryos with a thick zona petlucida has been reported to improve the embryo
implantation rate. More studies from other IVF programmes are needed to determine whether this
technique is beneficial for poor prognosis patients in higher age groups. Replacement of more
than two embryos in patients above 35-40 years of age may be indicated in order to enhance the
chances for a pregnancy. However, the embryo implantation rate in this patient group in an IVF
programte should be taken into consideration, since triplet and quadruplet pregnancies have to be
prevented. Qocyie donation, although controversial in post-menopausal women, seems an
attractive alternative for IVF patients above the age of 40 who have failed to concieve with their
own oocytes. The use of oocyles obtained from younger donors gives good results and has
illustrated the relatively minor role of ageing of the uterus in the decline of female fecundity with

rising age. Better results in OD programmes are obtained with artificial cycles.
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The ovarian response as a predictor for successful in vitro
fertilization treatment after the age of 40 years
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Summary

To determine whether age or response to controlled ovarfan hyperstimulation (COH) is a better
predictor of IVF outcome in women > 40 years, a rctrospective analysis of 2588 consecutive
cycles in a transport IVF program was carried out. The corrclation between treatiment outcome
and age, and response to COH was analyzed. The main outcome measure was pregnancy.

Results: The incidence of poor ovarian response rises significantly with increasing age.
Anatysis of all cycles showed a significant decrease in clinical and ongoing pregnancy rate for
women > 40 years. Analysis of cycles with a good ovarian response showed no statistically
significant differences for these parameters between women > 40 and those younger. A logistic
regression analysis on pregnancy showed that ovarian response contributes more to the prediction
of preguancy than age,

Conclusions: Patients aged > 40 years with a good response to COH have a good prognosis for
IVF treatment. The age limit for acceptance of patients should not be sct at 40 years. Instead, the
response to COTI can be used to predict candidates likely to have a successful IVF outcome,

Introduction
In vitro fertitization treatment is time-consuming and stressful for patients. Assisted reproductive

techniques are expensive and considerable debate exists about who will benefit from the

procedures, and to what exfent health insurances should pay for them. For thesc reasons
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appropriate patient selection is mandatory and a clear indication for treatment mumst exist.
Difficulty arises when there is an indication for IVF, but the chances of a successful treatment
outcome are considered low. Poor TVF results have been reported in patients above 40 years of
age {1-4). This has led to age limits for acceptance of patients in many programmes. The general
opinion in IVF programmes in The Netherlands is that patients aged 40 years or older should not
be offered treatment. Setting a strict age limit is debatable. The determination of basal follicle-
stimulating hormone (FSH) levels (5) and clomiphene cilrate-stimulated FSH levels (6) have been
shown to be better predictors of IVF outcome than age. However, pregnancies have been reported
in patients with very high basal FSH levels (5,7), indicating that these endocrine screening tesis
are more useful for patient counselling than for strict patient selection. We hypothesized that
response to COH might be a good predictor of 1VF outcome that can be used prior to follicle
aspiration, To test this hypothesis, we analyzed the correfation between IVF outcoine and age and
response to COH in 2588 consecutive cycies of IVFE.

Materials and methods

From the period 1989-1994, the results of 2588 consccutive started IVF cyeles, carricd out in the
transport IVE progranune at the Zuiderzickenhuis, were available for analysis. This progranmine,
carried out in cooperation with the IVF laboratory at the University Hospital Dijkzigt, has been
described elsewhere (8). The monitoring of ovartan response during COH was carried out with
transvaginal ultrasound measurements only (9. No strict age limit for acceptance of patients was
used. Detcrmination of basal FSH was not done on a routine basis when patients had a regular
menstrual cycle. Cancellation of started I'VF cycles was considered in cases with disappointing
follicular development during COH. However, strict criteria for cancellation were not used. When
a better ovarian response in a following cycle was not expected, and the patient felt confident to
proceed to oocyte retrieval, treatment was continued despite the relatively poor prognosis. Ninety-
three out of 2588 cycles were cancelled prior to follicle aspiration. In 67 cases the reason for
cancellation was a poor ovarian response. Follicle aspiration was carried out in 2495 cycles. A
poor ovarian response, defined as the develepment of < 3 follicles measwring > 15 mm on the day
of human chorionic gonadotrophin (HCG) administration, occuired in 227 out of these 2495
cycles,

For initial analysis four different age categories were introduced: patients aged < 30 years
{group 1), 30-34 years (group 2), 35-39 years (group 3) and > 40 years (range 4044, group 4).
The results of completed IVF cycles in the different groups were analyzed for number of patients
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proceeding to embryo transfer, oocyte yield, number of embryos replaced and clinical, ongoing
and muiltiple pregnancies achieved. The embryo implantation rate for the various age categories
was calculated. To analyse the impact of treatiment continuation in IVF cycles with a poor
prognosis on the overall results of ouwr IVF programime, cycles with a poor ovarian response and
cycles with a good response were evaluated separately. To test the hypothesis that the ovarian
response to COH is a better predictor for pregnancy than the patient’s age, a logistic regression
analysis on pregnancy was carried out with age (< 40, >.40) and ovarian response (good, poor) as
dichotomous variables.

A clinical pregnancy was defined by a positive urinary test 18 days after oocyte retrieval
combined with the finding of a gestational sac 2 wecks later. A pregnancy was considered to be
ongoing when fetal heart motion was obscrved after 12 weeks of amenorhoea. The results of
cryopreservation/thaw cycles were not included in this analysis. For statistical analysis a logistic
regression analysis was carried out, and )7 test for trend and Student’s t-test were used where

appropriate, P < 0.05 was taken as level of significance.

Figure 1. Percentages of poor ovarian response and percentages of clinical pregnancies
{95% confidence intervals) in completed IVF cycles.
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Results

The results of all started TVF cycles in the four age groups, irrespeciive of the ovarian
response during COH are shown in table 1. Out of the 2588 IVF cycles started, 2495 (96%)
proceeded to oocyte retrieval. The chance for oocyte retrieval and a following embryo transfer
decreased with rising age. Lower clinical and ongoing pregnancy rates were found with rising
age: £ = 0,02 and P = 0.007 respectively. The embryo implantation rate appeared to decrease with
rising age as well: =0.001. The oocyte yield did not differ between groups | and 2, but the
differences found between groups 2 and 3, and between groups 3 and 4 were statistically
significant: = 0.001 for both. The nuinber of embryos replaced per embryos transfer in group 3

and 4 were the same.

Table 1: Results of Started IVF Cycles in the Four Age Groups.

Age group i 2 3 4 P value
Age (y) <30 30-34 35.39 =40
Started cycles 674 1099 646 169
Cancelled, poor response * 5(0.8) 20 (1.8) 29 (4.5) 13 (7.7 0.0001+
Oocyte retrievals * 662 (98) 1069 (97) 609 (94) 155 (92) 0.0001
Completed, poor response I 28 (4) 75(7) 81 (13) 43 (28) 0.00017
Embryo transfers I 562 (85) 871 (RD 502 (82) 169 (70) 0.002
Clinical pregnancies { 175 (26) 241 (23) 143 (23) 25 (16) 6.02 1
Ongoing pregnancies 144 (22) 200 (19) 113 (19) 17 (11) 0.007 +
Multiple pregnancies § 51 (29 61 (25) 34 (24) 2 (8) NS |
Embryo implantation rate (%) 17.0 14.2 12.7 9.2 0.0015
Qocytes retrieved 10.8+£7.1 102+72 85+72 57+4.6  0.001%*
Embryos transferred §i71 24+07 2.6+09 2.8+1.0 27+190 NS *=
* Values in parentheses are percentages [| NS not significant.

per started cycle. T Values are means 8D,
T for trend. #* Student’s t-test for difference group 3 and 4,
I Values in parentheses are percentages TT Per embryo transfer.

per oocyte retrieval,
§ Values in parentheses are percentages

of clinical pregnancies,
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Fewer embryos were replaced in group 1 when compared with group 2 (P = 0.03), and in group 2
compared with group 3 (£ = 0.001). For finther illustration the percentages of eycles with a poor
ovarian respouse and the percentages of clinical pregnancies in completed IVF cycles in the four
different age categorics are shown in figure 1.

The results obtained in IVF cycles with development of < 3 follicles measuring > 15 mm on
the day of HCG administration are shown in table 2. Except for the percentage of embryo
transfers (P = 0.014), no statistically significant differences were found between the age
categories. The 43 oocyte retrievals in group 4 resulted in one ongoing pregnancy only.

Results obtained in the four age groups for completed cycles with a good ovarian response to
COH are shown in table 3. No statistically significant differences were found between the age
groups for percentages of patients who proceeded to embryo transfer and for clinical and ongoing
pregnancy rates. The embryo implantation rate decreased significantly with mereasing age.
Statistically significant differences for cocyte yield were found between groups 2 and 3 (P =
0.001), and between groups 3 and 4 (P = 0.001). With rising age more embryos were replaced per
embryo transfer, giving significant differences between groups 1 and 2 (P = 0.001) and betwecn
groups 2 and 3 (£ = 0.001).

Table 2: Results of Completed IVF Cycles with a Poor Ovarian Response.

Age group | 2 3 4 P value
Age (y) <30 30-34 35-39 =40

Oocyte retrievals 28 75 81 43

Embryo transfers * 19 (68) 53 (71) 52 (64) 19 (44) 0.014¢
Clinical pregnancies * 5(18) (1) 14 30N NSt
Ongoing pregnhancies * 5 (18) 6 (8) 8 (10 I(2) NSt
Embryo implantation rate {%) i8.7 It 143 9.4 NSt
Oocytes retrieved 1 2.1+1.1 9+ 08 1.8%1.1 i.5+1.1 NS§
Embryos transferred Il 1.7 +0.7 1.5+0.6 [.6+£0.7 1.7+0.7 NS§

* Values in parentheses are percentages per oocyte retrieval,
T for frend,

1 Values are means + 8D,

§ Student’s t-test for differences between groups 3 and 4.

|| Per embryo transfer.
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The percentages of clinical pregnancies in relation to age (age as a categorical variable

dichotomized at 40) and ovarian response (good, poor) are shown in table 4.

The results of a logistic regression analysis on pregnancy with the dichotomous variables

ovarian response {good, poor} and age (< 40, = 40) are shown in table 5.

Table 3: Results of Completed IVF Cycles with a Good Ovarian Response.

Age group 1 2 3 4 P value
Age (y) <30 30-34 35-39 =40

Oocyte refrievals 634 994 528 112

Embryo transfers * 543 (87) 818 (82)  450(85) 90 (80) NSt
Clinical pregnancies * 170 (27) 233 (23) 132 (25) 22 (20) NS+
Ongoing pregnancies * 139 (22) 194 (20) 105 (20) 16 (14) NSy
Embryo implantation rate (%) 17.0 14.3 12.6 92 0.0017%
Cocytes retrieved I 11.2+7.0 108+7.1 95+72 73+4.5 0.001§
Embryos replaced 1] 2.5+0.7 26+09 29+09 2.9+ 1.0 0.001§

* Values in parentheses are percentages per oocyte retrieval,
T g for rend.

T Values are means + SD.

§ Student’s t-test for differences between groups 3 and 4.

I Per embryo transfer.

Tahle 4: Clinical Pregnancies after IVF Treatment in Relation to Age (< 40 years, > 40 years)

and Ovarian Response (Good, Poor).

Age Response Oocyte retrievals Clinical pregnancies *
< 40 Good 2156 535 (24.8)
<40 Poor 184 24 (13.0)
=40 Good 112 22 (19.6)
> 40 Poor 43 3 (7.0)

* Values in parentheses are percentages per oocyte retrieval
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Table 5: Logistic Regression Model.

Regression Standard P value Odds ratic  95% confi-

coefficient (b) error dence inferval
Age -0.36 0.23 0.12 0.70 0.44-1,09
Ovarian response -0.83 0.21 0.0001 0.44 0.29-0.66

Discussion

For appropriate patient selection and counselling, predictive tests for a patient’s individual
performance in IV treatment are needed. Tests with & high predictive value could give patients
and physicians realistic expectations of the chances for pregnancy. Ideally, these tests should also
atlow identification of patients who are destined for treatment faiture and thus should not undergo
the procedure. However, the methads used for identification of patients with a poor prognosis for
successful outcome of IVF freatment are controversial. It is recognised that advanced age is
correlated with reduced chances for pregnancy after IVE. This has led to the use of age linits for
IVF treatment. Strict age limits for IVF are debatable. Screening endocrine tests, like the
determination of basal (5) and clomiphenc citrate-stimulated (6) FSH levels have been proposed
and proved to have a better predictive value for TVF treatment outcome than the patient’s age. A
comrelation between higher basal FSH levels and lower pregnancy rates after IVF has been
reported. Toner et al. (5) found no ongoing pregnancies in patients with a basal FSH > 25
nlU/mL., However, the same authors reported an ongoing pregnauncy rate of 15% for patients with
a basal FSH of 20 miU/mL. Licciardi et al. {7) found no pregnancics in patients having cycle day
3 FSH levels of > 17 miU/mL and estradiol (E.) > 45 pg/mL, but in patients with E; levels < 45
pg/ml and a basal FSH > 17 mlUAnL, an ongoing pregnancy rate of 16.7% was reported.
Apparently, m patient groups with a considerable elevation of basal FSH, pregnancy rates are
found that can still be considered acceptable. These findings indicate that screening endocrine
prestimuiation tests are useful for patient counselling, but should be used with care for patient
selection. Screening tests will pick up some patients with very high FSH levels who could be
predicted not to respond to ovarian hyperstimulation, but moderate FSH elevations should not be
a reason to withhold therapy. It therefore seems appropriate to use the outcome of COH as an
indicator for success. In this way the decision whether to complete IVF treatinent, including the
more stressful and expensive part of IVF treatment: oocyte retrieval, laboratory phase and embryo
transfer, is further individualized. When considering the cost of IVF treatment, differences
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between countries should be kept in mind. Especially the prices of the gonadotrophins can vary
considerably.

In the IVF programute at the Zuiderziekenhuis no strict age limit is wsed and no standard
emdocrine screening tests are carried out. Premenopausal patients with an indication for TVF
treatment are given an IVF trial. When during COH a poor ovarian response occurs, the patient is
informed about the reiatively poor proguosis, and, if the patient so chooses, follicle aspiration is
carried out. The definition of poor response used was in line with criteria mentioned by other
authors (10-12). Of all started cycles only 2.7% were canceiled because of a poor ovarian
response. As a result, a relatively large group of patients with a poor ovarian response to COH
proceeded to follicle aspiration. This enabled us to test the hypothesis that ovarian response is a
better predictor for successful IVF outcome than age.

Analysis of the treatment outcome of all IVF c¢ycles showed that the rates for clinical and
ongoing preghancies in higher age groups were significantly lower. To determine whether this
was caused by a high proportion of IVF cycles with a poor ovarian response in the higher age
groups, we distinguished between poor and good responders to COH and evaluated the results in
the two groups separately. As expected, the results of the poor responders show that poor ovarian
response is associated with a poor ireatment outcome. Continuation of freatment seemed
woithwhile in patients below 30 years of age since in this group 28 cocyte retrievals led to 5
ongoing pregnancies, giving an 18% ongoing pregnancy rate. However, between 30 and 40 years
of age the results were poor. There appeared to be hardly any justification for continuation of
treatment for patients with a poor ovarian response aged > 40. Forty-tluce oocyte retrievals led to
only one ongoing preguancy, In patients aged > 40 with a good ovarian response to COH, the
outcome of IVF treatment did not differ significantly from the resulis in the younger age groups.
The oocyte yield was smaller, and the embryo implantation rate lower with rising age, but the
ongoing pregnancy rate did not decline significantly. Rising age corelated with an increasing
incidence of poor ovarian response. The percentages of poor responders found in the four age
groups corresponded well with the discharge rates during stimulation reported by Wood et al,
(13).

A logistic regression analysis on pregnancy with ovarian response (good, poor) and age (<40,
>40} as dichotomous variables confirmed that ovartan response is a better predictor for IVF
treatiment outcome than age. When age of the female partner and ovarian response were included
in the logistic regression, the likelihood of pregnancy with poor ovarian response was .44, (95%
confidence interval 0.29-0.66) (P=0.0001), and the likelihood of pregnancy over the age of 40
was 0,70, (95% confidence interval 0.44-1.09) (P=0.12).

In conclusion; this study shows that ovarian response is a better predictor for successful IVF
treatment than age. Patients aged > 40 with a good ovarian response to COH have a good
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prognosis for IVF treatment. Therefore, the age limit for 1VF treatment should not be sct at 40
years. When < 3 follicles with a diameter > 15 mim develop during COH, cancellation of the IVF
cycle is justified, especially in the older patients. The result of COH can be used to counsel and

select patients before the more stressful and expensive phase of IVF treatment staris.
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Summary

Patients with poor fertilization (PF = fertilization of < 20% of all cocytes) in their first IVF ¢ycle
were followed in the subsequent cycle to assess the chance of recurrence of this phenomenon. In
cases of PF, a differentiation was made between total fertilization failure (TFF), and low
festilization rate (LFR) defined as fertilization of > 0% and < 20% of all cocytes. After analysis of
the relation between occurrence of TFF and the number of oocytes retrieved, TFF was defined as
fertilization failure in cycles with > 4 oocytes obtained. Based on the relation between the
fertilization rate and the number of motile sperm cells/mL semen in the first cycle, patients were
divided into 3 subgroups with different sperm parameters; group [: < 5x10° motile sperm
cells/mL, group 2: 5-19x10® motile sperm cells/mL, and group 3: = 20x10° motile sperm cells/mL
in the ejaculate, Patients with a TFF or LFR in the first cycle who continued treatment, were
followed in the subsequent cycle. The chance of occwrrence of TFF or LFR in the second cycle in
the 3 groups was assessed. The reeurrence rate of TFF was high: 45 - 709, and PF occurred in 50
- 75% of all cases. Similarly, after LFR in the first cycle, TFF and PF frequently occurred in the
second cycle: 37% and 50% respectively.

In conclusion: In our population, both TFF and LFR in the first IVF ¢ycle has a high chance of
recurrenice in the subsequent cycle. It appears that TFF is not a separatc entity, but the severest
form of PF. Consequently, in our population, ICST should be considered after PF in the first cycle,

especially in cases with a small oocyte yield,
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fntroduction

The incidence of total festilization failure (TFF) and its predictive significance for subsequent IVF
cycles has been reported by several authors (!-5). In contrast, the incidence of low fertilization
rate (LFR) in an IVF cycle and its significance for the treatment prognosis has not been given
ntuch attention. Apparently, when after LFR one or more embryos are available for replacement,
and, consequently, a true chance for pregnancy exists, the IVF attempt is seen as successful,
However, if TFF and LFR arc both expressions of a defective mteraction between oocyte and
sperm cell, the recurrence rate in a subsequent cycle and the treatment prognosis of LFR and TFF
could be comparable.

The chance of recurrence of TFF in a subsequent cycle as reported by others is approximately
20%, irrespective of the indication for IVF (1-5). Because of this low recurrence rate, it has been
advised to undertake 2 more IVF attempts before reverting to other therapeutic options like the
use of donor sperm or micromanipulative techniques (3, 5). However, with the introduction of
intracytoplasmic sperm injection (ICSI), a micromanipulative technique has become available that
has proved to be a good alternative after TFF. For ICSI a TFF rate of 3% only has been reported
{6).

In this study the chance of successful fertilization in a subsequent IVF cycle after TFF or LFR
in the first cycle is assessed. The aim of the study was to investigate whether TFF and LFR in the
first IVF cycle are indications for assisted fertilization in following cycles,

Materials and methods

Patients with poor fertilization (PF = fertilization of < 20% of all oocytes) in their first IVF cycles
who continned treatment, were followed in the subsequent cycle. In cases of PF, a differentiation
was made between TFF and LFR, defined as fertilization of > 0% and < 20% of all oocytes. In
IVEF cyeles with a small oocyte yield, TFI can be seen as a chance occwrence in a substantial
number of cases. Consequently, to define TFFE, an analysis of the relation between the chance of
occurrence of TFF and the number of cocytes retrieved was carried out, As reported previously,
the average fertilization rate per oocyte in the population of the transport IVF programime is 50%
{7). The a priori chance of TFF in relation to the number of cocytes retrieved is indicated in figure
L. The actual mcidence of TFF in the population studied is also indicated in this figure. Based on
the data obtained, TFF was defined as fertilization failure in cycles with = 4 gocytes retrieved.
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To divide patients into subgroups with different chances of fertilization, the relation between
the chance of an oocyte being fertilized and the number of motile sperm cells/mL i the semen
used, was analysed for 1211 consecutive first IVF cycles. Three subgroups were defined for
separate analysis.

In 1049 out of 1211 patients > 4 cocytes were retrieved in the first IVF cycle. Of these, 207
had a poor fertilization in the first cycle, and 119 procecded to a second attemipt. In the second
IVF cycle, 3 patients had < 4 oocytes retrieved and were excluded from the study, leaving 116
patients for further analysis. The second cycles of the patients in the 3 subgroups with TFF or
LFR in the first IVF cycle were analysed scparately, and the chance of recurrence of poor

fertilization in the second cycle was studied,

Results

The theoretical incidence of TFF as a chance occurrence, and the actual incidence of TFF in

relation to the number of cocytes refrieved in the first TVF cycle, are shown in figure [

Figure 1,

%TFF
60
{QObserved occurrence of TFF
A priori chance of TFF with fertilization rate of 50%
40
20
O L]

1 2 3 4 5 6-10 11-15 >15
occyles retrieved

As the number of retrieved oocytes increases, the incidence of TFF as the result of chance

occurrences decreases. The observed incidence in cycles with 4 oocytes retrieved was 16%, while
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the theoretical incidence of TEF in these cycles was 6%. For further analysis TFF in cyeles with >
4 oocytes was considered as indicative of a defective interaction between oocyte and sperm cell,
Consequently, all patients with < 4 oocytes retrieved in the first IVF cycle were excluded from
further analysis,

Figure 2. Relation between fertilization rate and the number of motile sperm cells/mL semen.
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The relation between the chance of fertilization per oocyte and the number of motile sperm
cells/mL semen {median and 25-75 percentiles) is shown in figure 2. Based on this graph 3
subgroups were distinguished; group 11 < 5x10° motite sperm cells/mL., group 2: 5-19x10° motile
sperm celis/mL, and group 3: > 20x10° motile sperm celis/mlL..
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The incidences of TFF in the fivst IVF cycle and the chance of recurrence of TFF and

occwrrence of LFR in the subsequent cycle are shown in table 1. The last column of the table

shows the casces with poor fertilization (PF). The recurrence rate of TFF in the subsequent cycle

was high in the 3 groups. Poor fertilization occurred in 60% of all cyctes following TFF,

Table 1. Total Fertilization Failure in the First Cycle and Poor Fertilization in the Sccond Cycle

int the 3 Groups.

TFF I7cycle  Continued Second
™ () cycle
TFF (1) LER (1) PF (1)
Group | (n—196) 39 (20%) 20 14 (70%) L (5%) 15 (75%)
Group 2 (n=232) 46 (20%) 20 § (40%) 5 (25%) 13 (65%)
Group 3 (n=621) 51 ( 8%) 38 17 (45%) 2 (5%) 19 (50%)
Total  (u=1049) 136 (13%) 78 39 (50%) 8 (10%) 47 (60%)

* Percentage of TFF in the group in the first cycle.
1 Patients with < 4 oocytes in the second eyele {n = 3) were excluded.
1 Percentage of patients who continued after TFF in the first cycle.

The results of subsequent cycles of patients with a low fertilization rate in the first cycle are
shown in table 2. Total fertilization failure in a second cycle occurred frequently (37%) after LFR
in the first IVF atiempt, Poor fertilization occurred in 50% of all subscquent cycles.

Table 2. Low Fertilization Rate in the First Cycle and Poor Feriiiization in the Second Cycle in

the 3 Groups.

LFR Istcycle Continued Second cycle

TFF (*) LFR (*) PF (¥)
Group | 8 2 1 (50%) 1 (50%)
Group 2 27 13 6 (46%) 2 (13%) 8 (61%)
Group 3 36 23 7 (30%) 3 (13%) 10 (43%)
Total 71 38 14 (37%) 5 (13%) 19 (50%)

* Percentage of patients who continued after LFR in the first cycle.
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Discussion

Althougly low fertilization rates have been reported as an indication for the use of
micromanipulative techniques (8), the incidence of LFR in IVF has not been given much
attention. In contrast, the incidence of TFF, and the treatment policy after TFF has been discussed
by several authors, The most frequently given advice is to try conventional TVF freatment again
for a second or even a third trial without resorting to assisted fertilization using micro-
manipulative techniques (3-5). The advice given by these authors is mainly based on the low
recutrence rate for TFF found in their studies. However, the definition of TFF used in these
studies can be questioned. Failure of fertilization in cycles with only few oocytes retrieved can be
seen as a chance occurrence. In many of thesc cases there might be no abnormality in the
interaction between sperm cell and oocyte. Therefore, based on the incidences of TFF in cycles
with a low number of oocytes in owr study, we excluded patients with < 4 oocytes retrieved in
their first IVF cycle from the analysis. Using this approach, we identified a subpopuiation of
patients with a recurrence rate of TFF in a second 1VF cycle of 50% as shown in table 1, This rate
is high when compared with other reports (1-5). When the cases of LFR in the second cycle were
included, the incidence of PF in the second cycle was 60%. The introduction of subgroups with
different sperm parameters showed a comparable poor prognosis for all 3 groups.

The results shown in the tables 1 and 2 appear to indicate that there is no essential difference
between the mechanisms of TFF and LER. After LFR in the first cycle 37% of patients had a TFF
in the subsequent cycle, and 50% of the patients who continued with IVF treatment had a PF in
the second cycle. It seems that in the population studied LFR in the first ¢ycle has a similar poor
prognosis as TEF. Apparently, TFF should not be regarded as a separate entity in IVF.

With the availability of intracytoplasmic sperin injection (ICSI) the therapeutic options for
defective interaction between sperm cell and oocyte have improved considerably. The results of
ICSI are good when compared with other micromanipulative techniques like subzonal
insemination (9} or partial dissection of the zona pellucida (10). The results obtained in the
population studied point out that ICSI might be indicated after TFF in the first IVF cycle. The
high recurrence rate of LFR shows that the use of ICSI could even be considered after LFR in the
first cycle, especially when few ococytes are expected to be retrieved.

It conclusion, in our population total fertilization failure and low fertilization rate both have a
high recurrence rate. The use of ICSI should therefore be considered after poor fertilization in the

first cycle.
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The incidence of major clinical complications in a transport IVF
programme
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Summary

Four different major clinical conmplications are identified in a retrospective analysis of 2495 IVF
cycles resulting in oocyte retricval. The severe form of ovarian hyperstimulation syndrome
{OHSS) occurred in 18 patients, giving a prevalence for this complication of 0.7%. Seven (39%)
out of these 18 patients were previously diagnosed as having polycystic ovaries. Eleven patients
were admitted with moderate OHSS. Adnexal torsion was diagnosed in two patients. Ovariectomy
was considered necessary in both cases. Complications of the transvaginal procedure occwrred in
7 cases (0.3%); one patient had an acute apendicitis with puncture holes in the appendix, 6
patients were admiited shortly after cocyte retrieval with a pelvic inflammatory disease (PID).
Thirteen out of the 624 pregnancies obtained were ectopics, giving an ectopic pregnany rate of
2.1%. It is concluded that serious clinical complications of IVF treatinent are rare. However,
patients should be counselled for the occurrence of serious procedurc-related complications before

entering an IVF programme.

Intreduction

In vitro fertilization treatment is an elective procedure. Clinical complications caused by the
procedure are thercfore always iatrogenic. Although complications are reported 1o occur
infrequently, counselling of patients on possible complications of IVF treatment is necessary
before infonned consent can be signed. The incidence of complications appears to differ between
programmes and could depend on various factors like: methods used for controlled ovarian
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hyperstimulation {COH), criteria used for cancellation of cycles, and techniques used for follicle
aspiration and embryo transfer. Therefore it seems advisable to inform patients about the
incidence of clinical complications in the very 1VF programme they are about to join. To obtain
data concerning the incidence of clinical complications leading to hospital admission in our
transport IVF programme a retrospective analysis is carried out. In the population studied, four
different major complications are identified: ovarian hyperstimulation syndrome (OISS), adnexal
torsion, pelvic inflammatory discase (PID} and ectopic pregnancy. The occwmrence of high-order
pregnancies is not discussed since this will be the subject of a separate paper. Detailed reports
have been published on the occurrence of a hepatitis-B infection related to the IVF-laboratory
procedure (1). Publications on assisted reproduction including information concerning
complications are reviewed, and the findings of our retrospective study are compared with these

reports.

Materials and methods

In a retrospective analysis of 2495 consecutive cycles resuliing in oocyte retrieval, the incidence
of major clinical complications of IVF freatment is assessed. A major complication is defined as a
complication resulting from IVF treatment leading to hospital admission. The organizational
aspects of our fransport IVF programme with satellite clinics has been described previously (2).
Patients were accepted for the progranmme after serological tests (HBsAg, syphilis, human
immunodeficiency virus) and routine physical examination. Controlled ovarian hyperstimulation
consisted of human menopausal gonadotrophin (HMG) [50-450 IU im./day (Humegon?®;
Organon, Oss, The Netherlands), depending on age, and starting on cycle day 3. The standard
starting dose of HMG for patients aged below 35 years was 130 IU/day, above this age 223
1U/day was used. Patients diagnosed as having polycystic ovaries, or known with a previous
explosive ovarian response during COH started with 75-150 [U/day. Since the infroduction of
gonadotrophin-releasing hormone agonists (GnRH-a), the short flare-up regime was used in most
cases, starting on cycle day 1 until the day of human chorionic gonadotrophin (HCG) injection.
Plasma estradiol {E:;) mcasurements were not carried out during COH, Monitoring of follicle
growth was performed by vaginal ultrasound measurements only, When > 35 developing follicles
were seen during monitoring, the cycle was cancelled; in most cases by withholding HCG and
continiing GnRH-a to reduce the chance of development of OHSS. Qocyte retrieval was planned
35 hours after L.m. injection of 10 000 1U HCG (Pregnyl®; Organon) on the day the leading
follicles reached a diameter of 18-20 mun,
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Follicle aspiration was carried out by ulirasound-guided vaginal puncture under local
anaesthesia, Preventive antibiotics were not used. Chemical desinfection of the vagina was not
used in view of possible haim to the oocytes. Before oocyte aspiration the vagina was soaked
twice with sterile isotonic saline solution. The ultrasound transducer was covered with a sterile
plastic sheet, The patient was covered with a sterile, single-use surgical sheet, the gynaecologist
used sterile surgical gloves. Bilateral ovarian puncture was carried out with the same one-way
needle. Evacuated follicles were not rinsed. Luteal support was given with 1500 1U HCG on the
day of ovum retrieval {day 0) and on days 3, 6 and 9, When > [5 follicles were retricved,
progesterone {200 mg vaginally twice daily; Progestan®; Organon) was presctibed for [5 days. In
these cases HCG for luteal support was withheld. Replacement of embryos was carried out 2to 5
days after oocyte retrieval. Emibryos (initially a maxinm of four) were replaced to the midcavity
position. The amount of cubture fluid used varied from 30 - 60 ml. No routine consultation was
planmed during the first 2 weeks after embrye transfer. Patients were instructed to contact the
clinic in case signs and symptoms of possible complications occurred. For the classification of
OHSS the classification of Golan (3) was used, All patients with a severc OHSS or with signs of

PID were routinely admitted for clinical observation and treatment.

Ovarian hyperstimulation syndrome

The severe form of OHSS was diagnosed in 18 patients, giving a prevalence per oocyte retricval
of 0.7%. Twelve cases were diagnosed as grade 4, 6 cases were grade 5. The median length of
hospital stay was 11 days, range 4-25 days. Five paticnts underwent abdominal paracentesis for
relief of symptoms. Tn one case with extensive pleural effusion, bilateral thoracal drainage was
necessary. In 13 out of [8 patients (72%), the IVF cycle resulted in a pregnancy; 2 triplets and 7
twins, giving a multiple pregnancy rate of 69%. Although moderate OHSS was not routinely
followed by hospital admission, 11 patients with this condition were admitted. The median
duration of admission for moderate OHSS was 8 days, range 4-12 days. Four patients {(36%) were
pregnant, all multiple pregnancies; 2 triplets and 2 twins,

The ovarian hyperstimulation syndrome is the most frequent complication of COH. Reports of
OHSS developing after all methods of ovulation induction have been published (4). In rare cases,
the severe form of OHSS can result in a life-threatening condition (5). The characteristic clinical
components of OI1SS are ovarian enlargement with multiple eyst formation and ocdema of the
stroma, and an acute fluid shift from the intravascular space to the extravascular compartiment,

associated with ascites, hydrothorax and generalised tissue ocdema. The latter component of the
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syndrome is the nrain causc of the morbidity and mortality related to it. The fluid accumuiation in
the peritoneal and pleural cavitics leads to hypovolemia and hemoconcentration. Without
cotrection, renal perfusion can be modified with resultant oliguria. Increased hemoconcentration

may lead to thrombosis and thromboembolisin.
Classification

The first classification of the QHSS was introduced by Rabau et al, (6), later modified by
Schenker and Weinstein (4). This classification divided the syndrome in three clinical stages:
mifd, moderate and severe, and six grades. When ovarian stimulation is carried out for assisted
reproductive techniques (ART), mifd hyperstimuiation, ailowing recruifment of a cohort of
mature follicles, is a primary goat of the treatment. As a result, the ‘mild® OHSS, as proposed by
Rabau et al., is part of almost every stimulation cycle for IVF. iIn the absence of clinical
symptoms it has no clinical value and should not be seen as a complication. Therefore, Golan et

al. (3) proposed a new classification as shown in table 1,

Pathogenesis

The pathogenesis of OHSS is still poorly understood. Several mediators for the pathogenesis have
been proposed. Estradiol does not seem to play an important role in the pathogenesis of OHSS,
Estradiol is a marker for the ovarian response, not the causative agent in OHSS (7). Pellicer et al,
(8) reported moderate to severe OHSS in a woinan with a partial 17,20-desmolase deficiency and
very low serum E; levels.

Polishuk and Schenker (%) stated that the development of ascites is secondary to the increase
of capillary permeability of the peritoneum mediated by a vaso-active substance secreted by the
ovaries, The rapid ovarian growth requires extensive angiogencsis which itself is associated with
an increase in capillary permeability. Frederick et al, (10) showed the agent(s) required for this
neovascularization to be presenst in human follicles measuring > 16 mun diameter by
demonstrating angiogenesis in the rabbit cornea after injection of human follicular fluid.
Fernandcz et al. {(11) found high renin-like activity in preovulatory follicular fluid. Tlis, and the
demonstration of a cotrelation between plasma renin activity and severity of QHSS (12), led to
the theory that these substances play an important role in the pathogenesis of the syndrome. More
evidence was found indicating that activation of the renin-angiotensin-aldosterone system is a
primary event in OHSS and not merely the consequence of plasma volume concentration (13},
Very high plasma levels of active renin and aldosterone were found in patients with severe OHSS,

which were not suppressed when the extracellular compartments were greatly expanded. The
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values subsequently declined to normal levels, despite the use of diuretics, suggesting that the
renin was of non-renal origin since its production was apparently unaffected by influences which

conirol renal juxtaglomerular secretion.

Table t, Clinical Classification of Ovarian Hyperstimulation.

Classification Grade Symptoms
Mild | Abdominal distension and discomfort
2 Grade | + nausea, vomiting and/or dimrhea, ovaries < 12 em
Moderate 3 Mild + ultrasonic evidence of ascites
Severe 4 Moderate + clinical evidence of ascites and/or hydrothorax or

breathing difficulties
5 All the above + increased blood viscosity due to
hemoconcentration, coagulation abnormalities, diminished

renal perfision and function

Prostaglandins arc other vasoaclive substances proposed as possible mediators in the
development of OHSS. However, the administration of indomethacin (14) had no influence on
ascites formation in animal experiments. Histamine is another substance that has been evaluated
as a possible mediator. Although the usc of histamine-receptor blockers in animal studies yielded
promising results in reduction of ascites and ovarian size in OTISS, later studies failed to detect a

role for histamine in the pathogenesis (15).
Prevalence and factors influencing the incidence of OHSS after ovarian stimulation

In IVF treatment, the development of mild ovarian hyperstimulation, allowing recruitment of a
cohort of mature follicles, is a primary goal. The mcidence of severe OHSS is relatively rare in
patients undergoing ovarian stimulation for IVF when compared with ovulation induction cycles.
Schenker and Weinstein {4) reported the occurence of severe OFISS after ovarian stimulation for
ovulation induction in approximately 2% of the cycles. The incidence of severe OHSS after COH
ranges from 0.5 to 1.8% (16-21). The prevalence of 0.7% found in our population is comparable
with these reports. Puntcture and aspiration of the ovarian follicles is apparently an effective way
to avoid ovarian hyperstimulation (3).

Several factors have been reported to influence the incidence of OHSS. The importance of
polycystic ovaries (PCO) as a risk factor has been stressed {4, 19, 22, 23). Among the 18 patienis
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with severe OHSS in our population, 7 (39%) had been diagnosed as having polycystic ovaries. A
high ovarian response during COH, resulting in a high cocyte yield, is associated with a higher
incidence of OHSS (23-25). An increascd prevalence of OHSS is seen when GnRH-a is used
during COH (19, 26, 27), The administration of ovalatory HCG has been proposed as the most
important factor in inducing OHSS (17, 23). The pregnancy rate in OHSS cycles is reported to be
3-4 times higher when compared to cycles without signs of hyperstimulation (26). Oocyte donors
in donor programmes have a very low risk of OISS, probably because of the absence of
pregnancy after COH (28). These reports suggest a positive role of endogenous HCG in the
development of OHSS. Dahl Lyons et al. (29) differentiated between early OHSS, presenting 3-7
days after HCG administration, and late OHSS, presenting 12-17 days after HCG administration,
Early OHSS was predicted by the number of oocytes retrieved and the E, concentration on the day
of HCG administration, while late OHSS correlated with the number of gestational sacs seen on
uftrasound 4 weeks after enbryo transfer. The authors councluded that carly OHSS was an effect
of the HCG administered prior to oocyte retrieval, whereas late OHSS was induced by the 1ising
serum concentration of HCG produced by the early pregnancy. In case a high ovarian response
occurs, the use of exogenous HCG for luteal phase supplementation increascs the risk of
development of OHSS (22),

Prevention of OHSS

Several methods have been proposed to lower the incidence of OHSS. Patients who previously
developed OHSS, or who are known to have PCO, should be treated with a low-dose
gonadotrophin protocol {19, 22). In owr IVF program, paticnts with PCO are treated with 2
ampoules (150 U) HMG daily, patients who previcusly had OFSS with 1-2 ampoules. The
condition did not recur in the severe form in the same patient.

Estradiol peak level and rate of increase during COH, number and size of follicles developing,
and number of oocytes collected are parameters used for prediction of the development of OHSS.
Tn view of this, close monitoring of COH as a method for prevention has been advised {22),
However, a considerable overlap of distribution of these values between OHSS and control
populations has been found (24). Therefore, the value of intensive monitoring for prevention of
OIISS has been debated (30, 31).

Monitoring for impending OHSS is carried out by transvaginal ultrasound examination,
frequently combined with measuorements of serum E, concentration during COH. In case an
explosive ovarian response occwrs, ovulatory HCG can be withheld and the IVF cycle cancelled,
However, precise criteria for impending OHSS and subsequent cancellation of the TVF cycle are
lacking, There is wide variation between authors in the E; levels above which they advise HCG to
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be withheld. Forman ct al. (27) withheld HCG at an E: serum level > 2000 pg/ml. In these cases
the administration of gonadotrophins was stopped and GnRIH-a continued. After a period of
desensitization follicular stimulation was recommenced with a lower dose of gonadotrophins.
Other authors (32) devcloped less strict criteria, and reported that cycles with E; levels < 5000
pe/ml need not be cancelled and can proceed to oocyte recovery and embryo transfer. Morris et al.
(28) found only one case of OHSS among [0 patients with E» concentration > 6000 pg/ml and >
30 cocytes recovered. The authors concluded that the risk of OISS at high levels of stimulation is
fower than previously believed, In conirast, Asch et al. (33) found OHSS in 80% of the patients
with peak fevels > 6000 pg/mi and >30 oocytes collected. The samme authors found no cases of
OHSS with serum E: levels < 3500 pg/inl, and only one case in a group of 67 patients with fevels
between 3500 and 6000 pg/ml.

In several IVF progranunes monitoring of COH is carricd out by transvaginal ultrasound
examinations only (2, 30, 34). In these programumes the number of developing follicles is used as
criterion to cancel the cycles or proceed to oocyte retrieval. The development of more than 30-35
follicles, corresponding with a serum E: level of approximately 6000 pg/mi (33), has been
mentioned as criterion for cancellation (25,31).

Besides cancellation of the cycle, several other approaches are possible in cases of impending
OHSS. Withholding the ovulatory dose of HCG is one option. It was hypothesized that the longer
half-life, higher affinity and longer intracellular effect of cxogenous HCG compared to
endogenous HCG results in a more extensive luteinization of hyperstimulated ovarics, Therefore,
Gonen et al. (35) used the initial flare-up effect of GnR11-a {o achieve the final follicle maturation.
The discontinuation of gonadotrophin therapy and deferring HCG administration until the plasma
E; concentration drops below 3000 pg/ml, called “prolonged coasting”, has also been proposed
(25).

Elective cryopreservation of all embryos of patients at high risk of development of OHSS, to
avoid a pregnancy and subsequent production of endogenous HCG in the stimulation cycle, is
another option for prevention. It has been reported that this procedure reduces the severity of
OHSS, but not the incidence {23). However, a lower incidence of OHSS after cryopreservation of
all embryos, with good results of subsequent thaw cycles, has been deseribed (21).

The use of progesteronc instead of HCG for luteal support is advised to reduce the risk for
OHSS (19), However, support with progesterone during the luteal phase does not prevent OHSS.
Nowadays, in our programme progesterene {200 mg vaginally twice daily; Progestan®; Organon)
is routinely used when =15 follicles arc aspirated during oocyte retrieval. Despite this, severe
QHSS developed in 8 cases,
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In an effort to prevent third space fluid accumulation, Asch et al. (36) treated high risk
subjects for OHSS with albumin so as to increase the serum oncotic pressure, and possibly reverse
the leakage of fluids from the intravascular space. The patients recieved 50 g of human albumin
i.v. at the time of oocyte retrieval. Among 36 high risk patients no case of severe OHSS occurred.
In a prospective placebo-controlled study, Shoham et al. (37) contirmed the possible role of the
administration of albumin in the prevention of OHSS. The authors postulated that apart from the
plasma expanding cffect of albumin, the binding and transport properties of human albumin may
play the main role in the prevention of severe OFSS by binding certain factor(s) that are possibly
members of the renin-angiotensin cascade. However, absolutc prevention of OHSS is not
achieved with albumin administration. Two cases of OHSS occurring despite the administration
of albumin have been described (38).

The key to prevention of OHSS is early identification of the patients at risk. To increase the
predictability of OHSS, Delvigne et al. (39) developed a formuia for pre-oocyte retrieval
conditions in a multiple discriminant analysis. A prediction rate for the development of moderate
or severe OHSS of 76.1% with a false-negative rate of 18.1% was found. The use of this formula

calls for an intensive and cxpensive monitoring procedure and can not prevent OHSS in all cases.

Management of OHSS

Once OHSS develops, treatment should be aimed at prevention of serious complications, relief of
symptoms, and shortening of hospital stay. The treatment of individual patients with OHSS varies
according to its severily. Patients with moderate OHSS can be kept under surveillance as
outpatients, cases of severe OHSS should be admitted. The patient should be carefully examined
and the circulatory condition assessed. Vaginal examination is to be avoided because of the risk of
injury to the ovaries. The ovaries should be screened by ultrasonography and the presence of
ascites and pleural effusion noted. Basic laboratory investigations like full bloed count, serum
electrolytes and renal function tests should be carried out. The main line of treatiment is to correct
the circulatory volume and the electrolyte imbatance, which will improve the renal perfusion and
prevent coagulation disorders. Colloidal plasma expanders such as dextran or albumin can be uscd
to correct the hypovolemia. The hematocril can serve as a guide during the treatment of the
syndrome. Recording of the fluid balance is finportant, the wrinary output must be carefully
monitored. The use of heparin should be considered in severe OHSS in view of the risk of
coagulopathy due to hemoconcentration. We used heparin 5000 TU twice daily for prophylactic
reasons in § out of 18 cases of severe OHSS, Paracentesis is indicated when serious abdominal

discomfort or breathing difficulties are caused by extensive ascites {17). Five of our patients
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underwent abdominal paracentesis with marked relief of symptoms. To avoid injury to the
enlarged ovarics, drainage of ascites may be performed via the transvaginal route under
ultrasound guidance (20). A marked positive effect of paracentesis on the diuresis has been
reported (16, 20), One of our patients had an extensive pleural effusion for which bilateral
thoracal drainage was necessary. Remarkably, in this patient only a small amount of ascites was
found. Hydrothorax has been described by others as the only extra-ovarian manifestation of
OHSS (40).

As prostaglandins have been suggested to be important mediators of the increased vascular
permeability in OHSS, prostaglandin synthetase inhibitors, like indomethacin, have been used for
the treatment of the syndrome {4). However, Pride et al. (14), found no effect of the use of
indomethacin on ascites formation in animal experiments. Balasch et al. (41) reported a case of
severe OHSS complicated by prerenal oliguria and liver dysfunction due to indomethacin therapy,
In view of the doubtful benefit of therapy with prostaglandin synthetase inhibitors and the
possible side-cffects, these drugs should not be used for the treatment of OHSS.

Secondary complications of OHSS

Although secondary complications of OHSS arc rare, the severe form of OHSS should be
considered a potentially life-threatening condition. Thromboembolism, acute pulmenary failure,
hypovolemic shock, hepatocellular damage and renal failure (5, 16, 27, 41-43) are some of the
complications that have been reported to occur in association with the syndrome. Mozes et al. (5)
reported two cases of arterial thromboembolic complications. One patient died after a carotid
arteriotomy and another one underwent a leg amputation. Cases of deep cerebral venous
thrombosis as complication of severe OHSS have been described (43). Deep venous thrombosis in
the absence of signs of hemoconcentration in a patient with a low level of antithrombin 111 was
reported by Kaaja et al. (44). Hepatocellular damage may occur as a result of high oestrogen
concentrations (41). Forman et al. (27} described a patient with severe OHSS who had a marked
and prolonged clevation of liver enzymes, declining only after termination of the pregnancy
which ended in a spontancous abortion.

Among the cases of severe OHSS in our population no major complications occurred. In one
case with moderate OHSS a ruptured ovarian cyst with intra-abdominal bleeding was diagnoscd
during a diagnostic laparoscopy for suspected adnexal torsion. Treatment remained conservative

and the clinical course was uneventful.

103



Adncexal forsion

In the 2495 IVF cycles studied, adnexal torsion occurred in two cases. In one case a torsion and
ruptare of an ovary was diagnosed. After unwinding the ovary, suturing of the rupture, necessary
because of bleeding, was not possible because the ovarian tissue was too friable. An adnex
extirpation was carried out. In the other case an ovariectomy was carried out because the ovary
was considerd too necrotic to justify a conservative approach,

Adnexal torsion is an infrequent buf serious complication of ovarian stimulation and should be
considered in every patient with complaints of abdominal pain and nausea during or after COH.
Kemmann et al. {45) described 4 cases of adnexal torsion among 648 menotropin-induced
pregnancies. Ovarian cysts are the main cause of adnexal torsion {46). Therefore the incidence of
this complication can be expected to be higher among patients with OHSS. Mashiach et al. (47)
found 15 cases of adnexal torsion in 201 cases of OHSS, 12 of whom were pregnant. The authors
advised unwinding of the ovary regardless of its morphological appearance. This procedure was
carried out in !l of 12 patienis, In 3 patients suture of the ruptured ovary was performed, is two
cascs ovarian cystectomy was necessary. Oelsner et al, (48) expanded on these data by reviewing
the outcomes of 40 cases of adnexal torsion managed with detorsion only. In 26 cases laparotomy
was carried ouf, the remaining 14 were managed with operative laparoscopy. The postoperative
course was uneventful in all cases. In 35 of the 37 patients available for follow-up, a normal ovary
with follicular development was noted on ultrasound examination. It appears that the sparing

approach should be used in the management of adnexal torsion,

Complications of the transvaginal procedure

in the population studied, one serious visceral injury occumed in 2495 ococyte retrievals as
reporied elsewhere (49). This patient developed signs of appendicitis during the week after the
IVF procedure. On the eighth day after oocyte retricval a aparotomy was performed because of
suspected peritonitis. A perforated appendix was removed. On histological examination the
appendix showed several puncture holes. Intra-abdominal vascular injuries did not occur in our
population.

Pelvie inflammatory disease (PID) was diaghosed in 6 patients after transvaginal oocyte
retrieval, giving an incidence of 0.24% for this complication. The diagnosis was established by a
rise in body temperature to >38° C and signs of pelvic peritonitis on physical examination,

together with an clevated leucocyte count and erythrocyte sedimentation rate. All patients were
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hospitalized for intravenous antibiotic treatment, In none of the cases a surgical approach was
necessary. The inean duration of hospital admission was 13 days (range 4-21).

Qocyte refrieval for IVF was initially carried out by laparoscopy. The complications of this
procedure were related to the anesthesia, pneumoperitoneun and visceral and vascular injuries
caused by troicar isertion, The transvaginal ultrasound-guided follicle aspiration has replaced the
laparoscopy nowadays and is used in the transport IVF programme since 1988. This procedure is
carried out under local anacsthesia and is less thne-consuming. Complications are infrequent but
potentially serious. Pelvic visceral and vascular injuries have been reported (49, 50). Pelvic
inflammatory disease is another potential hazard., Dicker et al, (51) reported 5 symptomatic
injuries needing a surgical approach ameong 3656 ovum pick-ups: 2 patients with ruptured
endometriotic cystic masses and 3 cases of intra-abdominal bleeding. A case of infected
endometriotic cysts secondary to cocyte aspiration was described by Yaron et al, (52).

The risk of pelvic infection was initially seen as a disadvantage of the transvaginal approach.
To reduce this risk, preventive antibiotics and vaginal desinfection have been proposed. (53-55).
However, the efficacy of these measures has not been established. Berlum and Maigaard (56)
reported 2 pelvic infections after 400 vaginal procedures using the semi-sterile technique and
concluded that acceptable safety is achieved without the use of rigorous disinfection or preventive
antibiotics, The low incidence of PID in our population supports this, Repoits from large series
show a low incidence of PID after transvaginal follicle aspiration. Ashkenazi et al. {57) found 28
cases among 4771 patients, and Bennett et al. (58) reported 18 cases after 2670 procedures, giving
an incidence of 0.58% and 0.68% respectively. Pelvic infection after TVF treatment is not
necessarily the result of transvaginal ovum pick-up since a case of PID as a result of embryo

transfer in an ococyte donation cycle was reported by Sauer and Paulson (59).

Ectopic pregnancy

Thirteen out of the 624 pregnancies obtained in the IVF population studied were ectopics, giving
an ectopic pregnancy rate of 2.1%. The incidence of ectopic pregnancy was analyzed according to
indication for [IVE. The results are shown in table 2. In one case an ectopic pregnancy was found
in both falopian tubes, in two cases an intra-uterine pregnancy was combined with an ectopic
preguancy.

The fust pregnancy ever obtained after IVF was an ectopic pregnancy {60). The reported
incidence of ectopic pregnancy after IVF-ET varies from 2 to 11% (61, 62). In view of the 1.2-
1.4% incidence for all reported pregnancies (63), the risk for an ectopic pregnancy after IVF is
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high and apparently related to the high incidence of tubal dysfunction in the IVF population. The
incidence reported in multi-centric studies is approximately 5% (64, 65). The incidence for
ectopic pregnancy of 2.1% in owr population is low when compared with results of multi-centric
studies. No statistically significant higher incidence was found in the group with tubal
dysfunction. Conflicting data have been reported on the risk factors associated with ectopic
pregnancies after IVFE. Tubal dysfunction appears to be a risk factor (61, 65-69), and preventive
measures prior to IVF treatment have been proposed. Steptoe et al. (70) advised occlusion of the
utero-tubal junction on each side if diseased tubes are present but do not require removal. The
same suggestion was made by other authors (71). However, Karande et al. {72) reported two
interstitial pregnancics after IVF, onc in a patient with a previous bilateral salpingectomy and the
other in a patient who had a salpingectomy on the side of the ectopic pregnancy. Apparently,
during embryo transfer embryos can be flushed into the fallopian tubes. When tubes arc normal,
the embryos return to the uterine cavity, simulating the physiologicat journey of the fertilized
ovum. This transport inay be thwarted when the tubes are dysfunctional,

Table 2. Rate of Ectopic Pregnancy According to Indication for IVE.

Indication Pregnancies Ectopic pregnancies
Tubal 297 821N *
Non-tubal 327 5{1.5) *t

* Values in parentheses are percentages of pregnancies.
T P> 0.2 (¢ test) when compared with ectopic pregnancy rate in tubal indications.

The embryo transfer techitique has been suggested as a factor for the occurrence of ectopics.
Knutzen et al. (73) injected 40 ul of radiopaque Auid in a mock embryo transfer and found flux
into the fallopian tubes in 38% of patients. They advised transfer of embryos in a small amount
{10-20 uly of culture fluid in an attempt to prevent reflux. Yovich et al. (74) inserted the delivery
catheter 55 nun only and concluded that this gives an cmbryo transfer to a standard midcavity
position resaiting in a lower ectopic pregnancy rate.

Evidence exists that ovarian stimulation is associated with an increased incidence of ectopic
pregnancy (75). McBain et al. (76) found a high rate of ectopic preghancy following ovulation
induction in the absence of predisposing factors. The authors found an association between the
occurrence of ectopics and an elevated urinary oestrogen excretion in the peri-ovulatory phase of
induced ovulatory cycles, and concluded that high oestrogen levels influence tubal embryo
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transport. The use of clomiphene citrate combined with HMG for COH has also been reported to
be a risk factor (65, 68). Other authors could not confirm this {67, 69).

The incidence of combined intrauterine and extrauterine pregnancy is evidently higher after
IVF than in spontaneous pregnancies. Rizk et al. (77) reported a frequency of 1% in clinical
pregnancies after IVF. Marcus et al. (78) found 20 heterotopic pregnancies among 2650 clinical
IVF pregnancies, giving a frequency of 0.75%. A heterotopic pregnancy can give diagnostic
difficulties (79, 80), and should always be included in the differential diagnosis of symptomatic

patients with an intrauterine pregnancy after IVE.

Conclusion

Our data and those reported in the literature show that IVF treatment, performed under good
medical and laboratory practice conditions, carries an acceptable risk of complications. Strict
prevention of OHSS is not possible. However, sharp attention to its symptoms and adequate
treatment can kead to a less severe cowrse of diseasc. Adnexal torsion oceurs infrequently and
ovariectomy is hardly ever indicated in these cases. Symptomatic visceral lesions and pelvic
inflammatory discase as a result of follicle aspiration are rare. The risk for an ectopic pregnancy is
higher when compared with the general population. Despite the low incidence of serious

complications, counselling of patients on this aspect of [VF treatment is necessary.
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Chapter 8

A triplet pregnancy after in vitro fertilization is a
procedure-related complication that should be prevented by
replacement of two embryos only
Fertility and Sterility 1997,67:290-5

Jan Roest!, Arne M. van Heusden?, Aric Verhoefl", Harold V.H. Mous!, Gerard H. Zeilmaker?,

'Department of Obstetrics and Gynaecology, Zuiderziekenhuis, Rotterdam. *Department of
Obstetrics and Gynaecology, University Hospital Dijkzigt. ‘Department of Endocrinology and

Reproduction, Erasmus University.

Summary

To investigate whether the incidence and the outcome of triplet pregnancies afler in vitro
fertilization (IVF) treatment justify limitation of the number of embryos to be transferred to two
only, the results of all triplet and higher-order pregnancies occurring in the ftransport IVF
programme at the Zuiderziekenhuis were evaluated. The incidence of spontancous reduction to a
lower-order pregnancy, and the frequency of application of selective embryo reduction were
studied. Triplet pregnancies, reaching at least 20 weeks’ gestation were compared with 54
randomly chosen twin pregnancies from the same population, matched for maternal age and
parity. The prevalence of triplet pregnancies after replacement of three embryos was evaluated.
Twenty-four out of 624 consecutive IVF pregnancies, occurring between januari 1989 and
Jjuly 1994, were high-order pregnancies (23 triplets and one quadruplet). Three triplet pregnancies
spontaneously reduced to twins. Selective embryo reduction was chosen as a therapeutic option
by two patients with a triplet pregnancy and by the patient with a quadruplet pregnancy, giving an
acceptance rate for this procedure of 12.5%. Comparison of triplets with twin pregnancies showed
that more antenatal admissions of longer duration occurred during triplet pregnancics, A higher
perinatal mortality in the triplet group caused 6 out of 18 patients with a triplet pregnancy to be
confronted with at least one perinatal death, Triplets were born at a lower gestational age, had a
lower birth weight, and a highor hospital admission rate of longer duration. When pregnancy
occurred after replacement of three embryos, the risk of having a triplet pregnancy was 7.5%.
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Conclusions: The poor obstetric outcome of triplet pregnancies in our population indicates that
triplet pregnancies after IVF treatment have to be prevented. Selective embryo reduction is
acceptable for few patients only, and can therefore not be seen as a solution. Replacement of three
embryos resulis in a triplet pregnancy i an unacceptably high percentage. Replacement of two

embryos only is the preferred method to prevent iriplet pregnancies after IVE,

Introduction

Infertity treatment has a considerable influence on the incidence of triplet and higher-order
pregnancies, About 70% of triplet pregnancies occurring nowadays result from ovulation
induction or assisted reproductive technologies (ART) (1, 2), The high cost of matemal and
neonatal care in high-order pregnancies has an effect on the use of health care resources (3) and
will influence the public opinion about infertility treatment. The reported frequency of triplet and
higher-order pregnancies occurring after IVF treaiment is approximately 4-5% (4, 5).

Increased medical risks entailed by high-order pregnancics are well documented (6, 7). When
resulting from an elective procedure like ART, these pregnancies should be considered iatrogenic
procedure-related complications, Several authors stress the neccessity of avoidance of triplet and
higher-order pregnancies in TVF programmes. Medical risks, psychological stress and associated
costs of these pregnancics were reasons to suggest that more attention should be paid to
approaches to infertility that reduce the likelihood of multiple gestation (3, 8, 9). However, the
incidence of triplet pregnancies after IVF does not decreasc (4, 5). Apparently, the embryo
replacement policy has not been influenced by the publications mentioned above. For this there
may be several explanations, In the first place, reporied improvements in the outcome of multiple-
gestation pregnancies (10, 11) may cause the perinatal morbidity and mortality in triplet and
quadruplet pregnancies to be underestimated. Few authors report the obstetric outcome of their
triplet and quadruplet IVF pregnancies. Evidence exists however, that high-order gestations in
IVF populations are associated with a high perinatal mortality (12) and neonatal morbidity {(6). A
second reason for risking the occurrence of triplet and quadruplet pregnancies in IVF programmes
may be the availability of techniques for selective embryo reduction in high-order pregnancies.
Although improvements in the {ecchniques for selective foeticide have been reported, the ethical
aspects of the procedure are under debate and the risk of a total pregnancy loss is still
considerable. This causes the unacceptability of selective embryo reduction for the majority of
patients {7, 13). In the third place, the pursuit of high pregnancy rates can lead to replacement of
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three or more embryos in IVF programmes. The 1990 results from the United States IVF-ET
Registry show that 7% of the reporting clinics transfer on average more than five embryos per
cycle (4). Azem et al. (14) report the replacement of six or more embryos in patients with repeated
previous IVF fatlures. Although evidence exists that replacement of a higher number of embryos
is associated with higher pregnancy and delivery rates (4), some authors found that replacement
of two instead of three good embryos does not decrcase the chance of a pregnancy significantly,
but only decreases the multiple pregnancy rate (8, 9). Replacement of more than two embryos will
inevitably lead to high-order pregnancics in some cases. The question is whether the possibly
higher pregnancy rate outweighs the disadvantages and risks of high-order pregnancics,

The aim of this study is to investigate whether it is necessary to completely prevent the
occurrence of triplet pregnancies in an IVF programme, This is done by evaluating the outcome of
all triplet pregnancies in our programme. The acceptability of selective embryo reduction for
patients in case a triplet ar quadruplet pregnancy occurs is assesscd. The results of IVF treatment
after replacement of 2, 3 or 4 embryos is evaluated to investigate whether pregnancy rates after
replacement of two embryos are acceptable. Finally, the risk of inducing a triplet pregnancy after

replacement of three embryos is evaluated.

Materials and methods

During the period January 1989 to June 1994, 2495 oocyte retrievals for TVF treatment were
carried out in the transport IVF programme at the Zuiderziekenhuis in Rotterdam. This
programme, catried out in cooperation with the University Hospital Rotterdam, Dijkzigt, has been
described clsewhere (15). Fresh embryo transter took place in 2044 cycles, and in 1818 cascs
more than one embryo was available for replacement. The number of embryos replaced ranged
from one to four, depending on the patient’s age and the availability and quality of the embryos.
Patients < 35 years of age were asked to consider replacement of not more than two embryos so as
to avoid a triplet pregnancy. The final advice on the number of embryos to be replaced was given
by the IVF laboratory staff. Embryo transfer was carried out on the 2nd to 5th day after follicle
aspiration. The diagnosis triplet or quadruplet was made by transvaginal ulfrasound examination
at 7 to 9 wecks’ pregnancy. The presence of embryos with heart activity confirmed the diagnosis,
empty gestational sacs were not included. The incidence of spontaneous reduction to a lower-
order pregnancy was studied. Patients with a triplet or quadruplet pregnancy were informed about

the possibility of selective embryo reduction and were referred when they opted for this
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procedure. Eighteen triplet pregnancies, reaching at least 20 weeks® gestation, were compared
with 54 twin pregnancies randomly chosen from the same IVF population, matched for maternal
age and parity. Triplet and twin pregnancies were compared for complications during pregnancy,
perinatal mortality and neonatal morbidity. The results of the 1818 embryo transfers with
replacement of two, three or four embryos were evaluated. The incidence of triplet pregnancy
among pregnancies obtained after replacement of three embryos, and its relation to age was
studied.

A clinical pregnancy was defined by a positive urinary pregnancy test I8 days after cocyte
retricval combined with the finding of a gestational sac two wecks later. An ongoing pregnancy
was defined as an intact pregnancy at 12 weeks gestational age, Stillbirth was defined as
intrauterine death after 20 weeks® gestation. For statistical analysis, Student’s {-test was uscd for
the difference between two means and the j° test was used to compare the frequencies of
observations. The Wilcoxon rank sum test was used where appropriate. P < 0.05 was taken as

level of significance.

Results

During the study period 624 clinical pregnancies were obtained, 584 after fresh embryo transfer,
40 after replacement of cryopreserved embryos. Out of these pregnancies 476 were singletons,
124 twins, 23 triplets and one quadruplet. All 24 high-order pregnancies occurred after fresh
embryo transfer, giving a high order pregnancy rate of 4%. Three patients, 2 with triplets and the
once with quadruplets, opted for selective embryo reduction, giving an acceptance rate for this
procedure of 12.5%. One of these triplets reduced spontaneously to twins beforc embryo
reduction was carricd out. Selective reduction of one triplet and the quadruplet pregnancy to fwin
pregnancies was performed without complications. Both patients delivered two healthy children at
36 and 37 weeks’ gestation respectively. Spontancous reduction to twins occurred in 2 additional
triplet pregnancies. Out of the remaining 19 patients, one patient had an abortion at 17 weeks’
gestation, resulting in a total pregnancy loss. The [8 triplet pregnancies reaching 20 wecks’
gestation or more were compared with 54 twin pregnancies, randomly chosen from the samge
population, matched for maternal age and parity. Patient characteristics and complications during
pregnancy are shown in table 1. Seventeen patients with friplet pregnancy were admitted
antenatally. Routine admissions did not occur, cervix cerclage was not applied in any patient,

Indications reported were: pregnancy induced hypertension (PTH), premature contractions,
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premature rupture of membranes, maternal exhaustion and growth refardation or intrauterine
death of one or more children. The admission rate and the number of antenatal hospital days for
patients expecting triplets was significantly higher when compared with those expecting twins: P
< 0.0001 and P < 0,01 respectively. A higher incidence was found for PIH in the triplet pregnancy
group. No statistically significant differences were found for the incidence of premature rupture of
membranes and the use of intravenous tocolitics for premature contractions in the two groups. All

triplets were bomr before 37 weeks’ gestation was reached, 44% of the twins were born

prematurely,

Table 1. Complications in Triplet and Twin Pregnancies Completing 20 Gestational Weeks

Triplets Twins P value
{n=18) {(n=54)
Maternal age (y) * 32.0+32 31.7+3.1 NSt
Primigravid paticnis 1 17 (94) 51 (94) NS
Antenatal hospitalization 17 (94) 19 (35) < 0.0001
Hospital days * 27.8+20.1 [24+11.5 < (.01
Pregnancy-induced hypertension (PHI) 6 (33) 3(6) < .01
Premature confractions -+ i.v. tocolytics 7(39) 10 (19) NS
Premature rupture of membranes 1 (6) 4(7) NS
Premature delivery § 18 {100) 24 (44) < 0.001
<30 weeks 2 1
31-34 weeks 13 7
35-36 weeks 3 16
* Values are means £ SD, 1 Values in parentheses are percentages.
T NS, not significant, § Delivery before completion of 37 gestational weeks.

The vital statistics of the pregnhancy outcome of the triplet and twin pregnancies are shown in
table 2. Nine intrauterine deaths, discovered between 22 and 33 weeks’ gestation, occurred in 6
pregnancies in the triplet group, In one case all 3 children died at 22 weeks’ gestation on 3
consecutive days during admission for premature contractions. For all cases no explanation could
be found after birth. In both groups 2 early neonatal deaths occurred, all due to complications
after an early premature delivery, The difference for perinatal mortality between the two groups is

highly significant: 7 < 0.0001.
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Table 2. Vital Statistics of Pregnancy Outcome of the Triplet Pregnancies Compared with Twin

Pregnancies.

Triplets (n = 54) Twins (n = 108)
Stillbirt 9 1
Early nconatal death (< 7 days) 2 2
Late neonatal death (8-28 days) 6 0
Perinatal deaths *y 11 (20) 33

* Values in parentheses are percentages of births.
T P < 0.0001 for comparison between groups.

The neonatal outcome of the live-born children after triplet or twin pregnancies is shown in
table 3. A statistically significant difference was found for gestational age and birth weight. A
higher percentage of the triplets were admitted; 87% compared with 53% of twins. The duration
of hospital stay for admitted children was significantly longer for triplets compared with twins.

Table 3. Outcome of Live-Born Infants in Triplet and Twin Pregnancies.

Triplets (n=45) Twins (n=107) P value
Gestational age, median days (range) 237 {193-255) 259 (163-283) < 0.0001
Birth weight (g) * 1830 (720-2670) 2470 (550-3700) < 0.000!
<1500 g7 [0 22) 5(5)
1500-2499 g 1 31 (69) 51 (47.5)
>2500 g7 4(9) 51 (47.5)
Hospital admission 39 (87 57 (53) < 0.001
Hospital stay {d) * 35 (5-59) 18 (2-64) < (0.0001
Neonatal intensive care unit (NICU} 7 4(9) 214y < (.05
Sepsis 1 37 1 (D) <0.05
Neonatal mortality 2 (4) 2(2) NS 1
* Values are medians with range in parentheses. i NS, not significant.

T Values in parentheses are percentages.
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In the triplet group, admission to the neonatal intensive care unit (NICU) and neonatal sepsis
occurred more frequent. Convulsions were not seen in the triplet group and occurred in one chiid
in the twin group. No cases of necrotizing enterocolitis or intraventricular hemorrhage occurred in
either group. Two infants in the triplet group, born at a gestational age of 193 days, had a severe
respiratory distress syndrome and died 6 days after birth. The 2 neonatal deaths in the twin group
occutred in twing born at the gestational age of 163 days. Both children died immediately after
birth and were not admitted to the NICU. The resulting neonatal mortality in the 2 groups is not

statistically significant.

Table 4. TVF Resuits in Relation to Number of Embryos Transferred.

ET ET ET
n=2 n=3 n=4
Number of cycles 732 777 309
Clinical pregnancies * 220 (30 [27-33]) 241 (31 [28-34]) 99 (32 [26-37))
Ongoing pregunancics * 176 (24 [21-27]) 193 (25 [22-28]) 80 (26 {21-31Y)
Multiple pregnancies 49 (22 [16-28]) 73 (30 [23-35]) 28 (28 [18-37])

* Values in parentheses are percentages per ET with 95% confidence interval in brackets.
T Values in parentheses are percentages per clinical pregnancy with 95% confidence interval

in brackets.

The results of 1818 fresh embryo transfers with 2 or more embryos available, are shown in
table 4, and table 5 shows the results of IVF treatment with replacement of 3 embryos in three
different age groups., The incidence of triplet pregnancy among pregnancies obiained after
replacement of 3 embryos was 7.5%. In the age group > 35 years 4 triplet pregnancies oceurred
among 68 clinical pregnancies. Three of these pregnancies were ongoing, giving a triplet

pregnancy rate of 6% for ongoing pregnancies.

Discussion

The incidence of IVF triplets can be expressed as a percentage of all IVF births, or as a percentage
of births after transfer of three embryos, in our study 3.8% and 7.5% respectively. In the survey of
data presented by the SART (5) the triplet incidence is 5.4% of all deliveries. It is likely that the
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triplet incidence in pregnancies resulting from the transfer of three embryos will be considerably
higher. Spontaneous reduction appears to play a minor role in the natural cowrse of high- order
pregnancies in the population studied. Spontaneous embryo reduction to a twin pregnancy
occurred in 3 out of 23 triplet preguancies only, giving an incidence of 13% per pregnancy. The
incidence of spontaneous embryo reduction in multiple pregnancies reported in the literature
varies and seems to depend on the inclusion criteria used in the various studies. Manzur et al. (16)
counted gestational sacs measuring = 5 mm in diameter on days 21 to 28 after embryo transfer,
and found an incidence of vanishing embryos in triplet pregnancies of approximately 50%. Other
authors diagnosed a spontaneous reduction only after disappearance of formerly viewed fetal
cardiac maotion and found an incidence of vanishing triplet of 16% per pregnancy (12) or a 5%
rate of spontaneous fetal demise for a specific embryo in multiple gestation (17). In this study we
used the same criteria and found spontancous fetal demise in 3 out of 73 initially viable embryos,

giving a rate of 4% per embryo.

Table 5. Age of the Patient and Replacement of Three Embryos.

Age category (years) Total <30 30-34 =35 P value *
Embryo transfers no. 777 210 333 234

Clinical pregnancies 1 241 (31.0) 63 (30.0) HO (33.0) 68 (29.1) 0.80
Ongoing pregnancies 1 193 (24.8) 52(24.8) 91 (27.3) 50 (21.4) 0.38
Multiple pregnancies 1 73 (30.3) 22 (34.9) 34 (30.9) 17 (25.0) 0.07
Twins I 55 (22.8) 17 (27.00 25(22.7) 13 (19.1) 0.30
Triplets I 18 (7.5) 5.9 9(8.2) 4(5.9 0.62

* % test for trend between the three age groups.
1 Values in parentheses are percentages per ET.
1 Values in parentheses are percentages per clinical pregnancy.

Selective embryo reduction as a therapeutic option for high-rank pregnancies is under debate.
The different terms used for the procedure: selective termination, selective foeticide or selective
continuation of pregnancy seem to indicate differences in appreciation. Ethical objections and
medical risks of the procedure can not be ignored. Evans et al. {18) argued that selective
reduction in high-rank pregnancies is ethically justified because it meets the criterion of least
harm and most potential good. Though perinatal morbidity and mortality are likely to be
improved when pregnancies with four or more fetuses are reduced to smaller numbers (19), the
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advantages of reducing the fetal number in triplet pregnancics are tess apparent (7, 20). Reduction
of triplets to twins gives a fetal loss of 33% by definition, The risk of total pregnancy loss after
selective embryo reduction is considerable and appears to vary with the method applied. The
transabdominal and transcervical selective termination is associated with a total preghancy loss of
approximately 12%, compared with 5.3% for the early transvaginal cmbryo aspiration (21).
Comparative studies of the outcome of triplet pregnancies managed expectantly or by selective
embryo reduction to twins have been published. Bollen et al, (12) reported that the pregnancy
outcome of triplets is improved afler selective reduction. A prospective study was carried out by
Lipitz et al. (7). The authors reported a satisfactory outcome of pregnancy, defined as the
discharge home of at least one infant, in 88.2% of the group with reduction to twins and in 74.5%
of the triplets managed expectantly. However, this difference was not statistically significant,

We informed our patients about the possibility of selective embryo reduction and about the
possible risks and benefits. Only 3 out of 24 paticnts with a triplet or quadruplet pregnancy opted
for selective embryo reduction, giving a acceptance rate for this procedure of 12.5%. A report
from Sweden about multiple fetal reduction showed a comiparable low acceptance rate of 14% in
triplet and higher-order pregnancies (13). Apparently, the cinotional aspects and the procedure-
related risks of selective embryo reduction make the procedure inacceptable for the majority of
patients, Therefore, selective embryo reduction can not be seen as the solution when high-order
pregnancies occur after ART.

In our population the antenatal admission rate and the duration of admission of patients
expecting triplets was significantly higher when compared with those expecting twins. All
patients with a triplet pregnancy delivered before the completion of 37 gestational weeks. Sassoon
et al. (22) reported preterm labor as the only antenatal complication occurring significantly more
often in triplet pregnancies compared with twins,

The vital statistics of triplets and twins show a high number of stillbirths in the triplet group.
Six out of 18 patients with a triplet pregnancy were confronted with at least one perinatal death.
The difference with the control twin population is highly significant. Although the neonatal
mortality rate is low when compared with other reports, the resulting perinatal mortality is high.
This finding confirms a report by Bollen et al. {12). Gther authors reported better outcomes of
triplet pregnancies. The perinatal and neonatal mortality rates of 78 triplet pregnancies reported
by Lipitz et al. (11} were 93/1000 and 51/1000 respectively. Newman et al. (10) found a perinatal
mortality rate of 6.6% in 198 triplet pregnancies. Population differences may be an explanation
for differences in obstetric outcome. Only 9% of the patients of Lipitz et al. {11), and 7% of the
paticnts of Newman et al. (10), became pregnant after IVE. Under-reporting in literature of less
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favourable results can be another explanation for finding a higher perinatal mortality rate in our
population when compared with other studies,

The median for gestational age and birthweight of live-born triplets is significantly lower
when compared with twins, In our study, gestational age and birthweight of twins and triplets are
comparable with data reported by other authors (7, 22). The higher admission rate and longer
duration of admission of ftriplets appears to be related to prematurity. Serious complications
during the early neonatal period occurred infrequently in both groups. The necnatal mortality in
the two groups did not differ significantly. Comparabic findings were reported by Sassoon et al.
(22). Other authors (16} report a high nconatal morbidity requiring complex and expensive
medical care and prolonged hospitalization.

Counsidering the low acceptance rate of selective embryo reduction and the high perinatal
mortality in the triplet population studied, it appears that prevention, by replacing a maximum
number of two embiyos, is the approach to be preferred to solve the high-order pregnancy
problem: in ART. The objection to this approach is a possible lowering of the pregnancy rate.
Staessen et al. (8) showed that the pregnancy rafe is not significantly affected by replacing two
embryos only in cycles with a good IVF prognosis. A good prognosis was defined by the criteria:
first attempt for IVF, age below 37 years, and good embryo development, Tasdemir et al, (9)
reported that transfer of two embryos only does not affect the pregnancy rate as long as one good
quality embryo is available. In several other studies (23, 24) it was shown that elective transfer of
2 embryos can lead 1o a high pregnancy rate.

In the present study it appeared that 6% of the ongoing pregnancies obtained afler replacement
of three embryos in patients aged 35 years and older were triplets. This risk of a triplet pregnancy
in older patients is considered unacceptably high and indicates that there is no justification for a
more liberal replacement policy in higher age groups. Therefore, at present, no more than two
embryos are replaced i any patient in the IVF programme in Rotterdam. Limitation of the
number of transferred embryos increases the need for optimal embryo selection at transfer,
Prolonged embryo culture seems to be the method of choice to achieve this (23). With
replacement of two embryos, high costs of prolonged hospitalization and complex and expensive
medical care needed in high-order pregnancies after ART are avoided. In The Netherlands, where
health insurances pay the costs of three IVF attemps, resources saved in this way could be used to
offer patients a fourth IVF procedure if needed. This would compensate for the possibly lower
pregnancy rate caused by replacement of two embryos onty.

In conelusion, spontaneous embryo reduction plays a minor role in the natural course of high-
order pregnancies, and selective embryo reduction is not considered an acceptable therapeutic
option by the majority of patients with triplet pregnancies. The perinatal mortality in the triplet
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population studied is high when compared with twin pregnancies. The only good solution for the

problem of the occurrence of high-order pregnancies in ART is strict limitation of the number of

embryos to be replaced to two.
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Summary

The validity of cumulative pregnancy rates is tested by the determination of possible influences of
selective drop-out of patients with a poor treatment prognosis. A cohort of 1211 patients who had
a first IVF cycle was followed, and the cumulative pregnancy rate (CPR) after 3 IVF cycles was
assessed. Cycles of patients who discontinued treatment after failed IVF, and of those who did not
achieve a pregnancy but procceded to a subsequent cycle were compared for occwirence of
prognosticators of poor treatment outcome; fertilization rate, oocyte yield < 2, and replacement of
< 2 embryos. The CPR after 3 cycles was 55.1%. No differences were found between patients
who continued treatment and those who dropped out.

Conclusion: Selective drop-out of patients with a poor treatment prognosis was not found.
Therefore, the CPR of 55.1% after 3 IVF cycles gives a reliable indication of the chance of

occurrence of a pregnancy for a randemly chosen patient in the population studied.

Introduction

Patients should be provided with adequate information about their chances of pregnancy before
they start IVE treatment. The estimation of the likelihood of pregnancy for couples is often based
on the pregnancy rate per cycle obtained in a programme. However, several methods can be used
to express pregnancy rates (PR) in IVF progranmmes. The definition of clinical or ongoing
pregnancy can differ between programmes, and PR can be calculated per started eycle, per oocyte
retrieval, or per embryo transfer. When informing patients about success rates, a possible

reduction in PR in successive cycles should be considered. This phenomenon has been reported
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by several authors (1, 2), and is explained as the result of heterogeneity of the patient population
in terms of fecundity rate. For a randomly chosen patient each unsuccessful cycle constitnies
evidence in favor of low fertility potential.

The success rate in an IVF programme can also be expressed as a cumulative pregnancy rate
(CPR). When CPRs are used, the danger exists that unrealistic high success rates will be found.
Not all patients continue IVF treatment until pregnancy or for a fixed number of attempts,
Therefore, when CPRs are used, assumptions arc made about the probability of ocemrence of a
pregnancy for those who discontinue treatment. Most authors who report on CPRs assume that
patients who leave an IVF programme had the same probability of pregnancy as those who
continued {2, 3). For example, Guzick et al. (3) reported a CPR of 100% after 9 IVF cycles in the
subgroup with tubal infertility in their population, while out of the 394 patients entering the study
in this subgroup only 105 achieved a pregnancy. It is very likely that those who stopped treatment
because of poor results in a preceding IVF attempt in terms of oocyte yield, fertilization rate, or
number of embryos available for repiacement, would have had a lower chance of pregnancy than
those who continued. For this reason Stolwijk et al. (4) advised to consider the reason for
cessation when calculating the CPR.

To obtain CPRs for the transport IVF programme at the Zuiderziekenhuis, Rotterdam, a
retrospective cohort study was carried out. To test the validity of the rates obtained, patients who
[eft the programme without a pregnancy {drop-outs) were compared with those who continued for
the occurrence of proguosticators of poor treatment outcome in the preceeding faited IVF cycle.

Materials and methods

Patients who had their first IVF attempt during the period Januvary 1989 - June 1994 were
included in the study. The consecutive IVF cycles of these patients, until the occurrence of a
clinical pregnancy, with a maximum of 3 cycles, were used to calculate the CPR after 3 IVF
cycles. The patients who did not obtain a clinical pregnancy in the first or second cycle were
divided in 2 groups: those who left the programme {drop-outs), and those who proceeded to a next
attempt, These two groups were compared for age, and the preceding IVF cycles were compared
for fertilization rate, and for the occurrence of prognosticators of poor freatment outcome: cocyte
yield < 2, and replacement of’ < 2 embryos.

A clinical pregnancy was defined by a positive urinary test I8 days after oocyte retrieval
combined with the finding of a gestational sac 2 weeks later. The results of eryopreservation-thaw
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cycles were included in this analysis. For statistical analysis %* test or Students’ t-test was used
where appropriate. P < 0.05 was taken as level of significance.

Results
During the study period 121t patients entered the IVF programme. The results of this cohort are
shown in fable 1, A statistically significant dccrease in pregnancy rate was found with increasing

cycle number,

Table 1, IVF Results of the First Three Cycles.

Attempt Patients PR*} CPR Drop-outs
1 1211 26.0 26.6 263
2 624 24.5 44.6 193
3 280 18.9 55.1

*Pregnancy rate; percentage clinical pregnancies per oocyte retrieval,
T P < 0.01 for differences between attempt 1, 2 and 3 (3 for trend)

Characteristics of the first IVF cycle of drop-outs and those who continued are shown in table

Table 2 . Characteristics of the First Cycles of Drop-outs versus Those who Continued,

Drop-outs Continued P value
Number of patients 263 624
Age 324406 323+44 NS *
Fertilization rate 43 % 45 % NS
Oocytes <2 114 % 12.8 NS
ET <2 373 % 342 % NS

* NS, not significant,

Characteristics of the second IVF cycle of drop-outs and those who continued arc shown in
table 3.
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Table 3 Characteristics of the Sccond Cycles of Brop-outs versus Those who Contimied.

Drop-outs Continued P value
Number of patients 193 280
Age 324443 32744 NS *
Fertilization ratc 46 % 45 % NS
Oocytes < 2 10.8 % 0.8 % NS
ET <2 39.5% 359% NS

* NS, not significant,

Discussion

When patients are informed about their chances of pregnancy in IVF treatment, the shortcomings
of the different methods used to express the success rates of IVF programmes should be kept in
mind, When the success rate in an IVF programme is expressed as PR per IVF cycle, a possible
reduction in PR in successive cycles should be considered. Hershlag et al. (1) reported that the
probability of achieving a pregnancy declines as the number of unsuccessful cycles increases.
Using a mathematical model, the authors estimated that 37% of couples will not conceive with
IVF therapy despite multiple attempts. They therefore questioned the justification of continuing
IVF treatment beyond a threshold number of cycles. In contrast, Guzick et al. {3) found that
persistance in 1VF can lead to a successful pregnancy for a large proportion of couples. The
authors reported an approximately constant pregnancy rate of about 15% over repeated cycles,
The predicted cumulative pregnancy rate after 9 and 12 cycles were 75% and 84% respectively,
and, consequenily, a 98% cure rate was predicted if multiple cycles were pursued. These
contradictions in reported results of different programmes may be explained as the result of
selection bias. Tn the first place, different selection criteria will cause different patient populations
at intake. Secondly, some programmes inay encourage patients to disconfinue treatment after poor
performance in the previous IVF eycle, whereas other programmes might encourage these patients
to proceed to a next attempt.

Haan et al. (5) used pre-treatment patient characteristics to make a comparison of the
prognosis for success bebween ‘continuers” and ‘quitters’, and found no over-representation of
patients with a poor prognosis in the group of drop-outs. However, disappointing resulis in terms
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of tow vocyte yield (< 2), low fertilization rate, and replacement of a suboptimal number (< 2) of
embryos in a previous cycle might be more indicative of poor treatment prognosis than
pretreatment characteristics (6}. Selective patient drop-out, and consequently selection bias, can
be expected when the frequency of occurrence of these prognosticators of poor treatment outcome
are higher in patients who discontinue treatment after a failed TVF attempt,

In The Netherlands the first 3 IVF attempts are paid for by health insurances. Therefore, for
patients eligible for IVF treatment in our population, the CPR after 3 IVF cycles is the most useful
information before the treatment is started. In this study the CPR after 3 cycles was caleulated,
and previous cycles of those who continued or dropped out after failed first and second IVF
attempts were compared for prognosticators of poor treatment outcome. No statistically
sighificant differences were found between the 2 groups, Despite this, the PR declined
significantly as the cycle number increased, confirming reports by others about the phenomenon
of reduction in PR in successive IVF cyeles (1, 2),

In counclusion: selective drop-out of patients with a poor treatment prognosis was not found.
Therefore, the CPR of 55.1% after 3 IVF cycles found in this study gives a reliable indication of
the chance of occurrence of a pregnancy for a randomly chesen patient in our population.

Pregnancy rates decline with increasing cycle number,
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Summary

In the general introduction contentious issues in assisted reproductive technology (ART) are
mentioned, and the objectives of this thesis are explained. The main objcctives are; to determine
the efficacy of a decentralized IVF progamme with transport and satellite clinics and to finther
develop criteria for acceptance of patients for TVF treatment. Furthermove, to develop a safer
embryo replacement strategy, and, where possible, to touch upon controversial issues in ART,

The thesis is divided in two parts, In part one the logistical and organizational aspects of the
IVF programme at the Zuiderzickenhuis, Rotterdam, are studied, and the feasibility of a
simplified protocol for monitoring of patients during controfled ovarian hyperstimulation (COH)
is assessed. Chinical aspects of TVF treatment are studied in part two. This part is divided into
three separate scctions dealing with: aspects of. patient selection for IVFE, the occurrence of

procedure-related complications, and the expression of success rates in IVF pogrammes,

Chapter 1 is an evaluation of the results obtained in a decentralized 1VF programme with a
transport IVF clinie, satellite clinics and a central University IVF laboratory. The treatment results
obtained in the decentralized progranune were compared with those obtained in the university
IVF centre using the same laboratory facilities. Transportation of oocytes after follicle aspiration
to a central [aboratory, and menitoring of COH by physicians in satellite clinics appeared to have
ne adverse effects on the outcome of IVF treatment. In a decentralized programme laboratory
facilities can be utilized more efficiently. Moreover, a decentralized programnie is more

accessible for patients in peripheral locations,

Chapter 2 is a prospective study carried out to assess the feasibility of minimal monitoring
during COH. In the transport IVF programme studied, monitoring of COH is canied out without
estradiol assay but with ultrasound measurements only. The monitoring procedure in the transport
clinic was minimized, while the monitoring protocel used in the satellite clinics, wheve physicians
monitored their own patients, remained unchanged. In a prospective study minimal monitoring
appeared to have no adverse effects on the treatment outconme. Sixty-two percent of cycles at the
transport clinic were monitored with one ultrasound measurement only. There appears to be no

need for extensive monitoring during COH for IVFE.

Chapter 3 is a review of the literature about the logistical advantages of gonadotrophin-releasing
hormone agonists (GnRH-a) in IVF. Moreover, the experience with the use of GnRH-a in the
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transport IVF programme is reported. During routine use of GnRH-a the short flarc-up protocol
and the long protocol give comparable clinical results. Both protocols are uscful for treatment
planning and offer important logistical possibilities. In terms of cost, time and inconvenience for
patients, the short flare-up protocol seems to be the most appropriate regizen for routine use. The
intranasal administration of GnRH-a appears to be equally efficacious when compared with the

subcutaneous route,

Chapter 4 reviews the literature about the relation between age and outcome of IVF treatment,
The patient’s age, although an indicator of fecundity, should not be the main parameter for
acceptance of patients for IVF treatment. Results of prestimulation tests like the determination of
basal follicle-stimulating hormone level and the clomiphene citrate stimulation test are more
useful for counselling of patients before treatment is started.

Several proposals have been made to improve the treatment outcome of IVF in older women.
The administration of higher dosages of gonadotrophins during COH and GnRH-a in the flarc-up
regimen has been proposed for “poor responders”, Assisted hatching of embryos with a thick zona
pellucida has been reported to improve the embryo implantation rate, Replacement of higher
numbers of embryos is seen as an option by some authors. Qocyte donation, although
controversial in postmenopausal women, 1s a good alternative for older patients who fail to

concieve with their own oocytes.

In chapier 5 a retrospective study, carried out to determine whether age or response to COH is a
better predictor of IVF outcome in women = 40 years of age, is described, The frequency of
occurrenice of a poor ovarian response to COH increased significantly with rising age. Analysis of
all cycles showed 2 significant decrease in clinical and ongoing pregnancy rates for women > 40.
Analysis of cycles with a good ovarian response showed no statistically significant difference for
these parameters between women aged > 40 and those younger. A logistic repression analysis on
pregnancy showed that ovarian response contributed more to the prediction of pregnancy than
age. A strict age limit for acceptance of patients for IVF treatment should therefore not be used,
Instead, the response to COH can be used to select patients likely to have a successful treatment

outcome.

Chapter 6 deals with the treatinent prognosis after poor ferilization in the first IVF ¢ycle. Total
fertilization failure and poor fertilization were defined. The relation between fertilization rate and
the number of motile sperm cells/mL semen was evaluated. Three patient groups with different
semen quality in the first IVF cycle were defined. In all groups poor fertilization appeared to have
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a high chance of recurrence in a second IVF cycle. In the population studied the use of
intracytoplasmic sperm injection should be considered after poor fertilization in the first IVF

cycle, cspecially in cases with a small cocyte yicld.

Chapter 7 is a review of the literature about the occurrence of procedure-related clinical
complications of IVF treatient, In this chapter the clinical complications which occurred in 24935
consecutive cycles are reported. Four different complications leading to hospital admission were
identified: the ovarian hyperstimulation sydrome, adnexal torsion, pelvic inflammatory disease,
and ectopic pregnancy. A total number of 51 patients with complications was admitted. It is
necessary to counsel patients for the occurrence of serious procedure-related complications before

IVF tfreatment is started.

Int chapter 8 the outcome of all high-order pregnancies obtained in 2495 consecutive IVF cycles
is described. The occwrrence of spontaneous reduction to a lower-order pregnancy, and the
acceptability of selective embryo reduction were studied, Twenty-four out of 624 consecutive
pregnancies were high-order pregnancies (23 triplets and one quadruplet). Eighteen triplet
pregnancies reached at least 20 weeks’ gestation and were compared with 54 randomly chosen
twin pregnancies from the same population, matched for maternal age and parity. The results of
IVF treatment after replacement of 2, 3 or 4 cmbryos were evaluated, and the chance of
occurrence of & triplet pregnancy after replacement of 3 embryos was assessed. Selective embryo
reduction was cliosen as a treafment option by two patients with a triplet pregnancy and by the
patient with quadruplets, giving an acceptance rate for this procedure of 12.5%. Three triplet
pregnancies reduced spontaneously to twins. A high number of perinatal deaths (11/54) was found
in the triplet group, causing 6 out of 18 couples with a triplet pregnancy to be confronted with the
loss of at least one child. When compared with twins, triplets were born at a lower gestational age,
had a lower birth weight, and a higher hospital admission rate of longer duration. When a
preguancy occurred afier replacement of three embryos, the risk of having a triplet pregnancy was
7.5%. Replacement of twoe embiyos only gave acceptable treatment results and is the method
chosen in the TVF programime in Rotterdamn to prevent triplet pregnancies.

In chapter 9 the various methods to express the success rates of an IVF programme are discussed,
The cumulative pregnancy rate (CPR) after thiee attemipts in the IVF programme studied was
calculated, and the validity of this CPR was tested by assessing a possible influence of drop-out of
patients with a poor treatment prognosis, Cycles of patients who discontinued treatnient after
failed IVF and of those who did not obtain a pregnancy but proceeded to a subsequent cycle were
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compared for fertilization rate and for occurrence of prognosticators of poor treatment outcome:
oocyte yield < 2 and repiacement of < 2 embryos. The CPR after 3 cycles was 55.1%. No
differences were found between patients who continued freatment and those who dropped out.
Selective drop-out of patients with a poor treatment outcome was not found. Therefore, the CPR
of 55.1% after 3 IVF cycles gives a reliable indication of the chance of occurrence of a pregnancy
for a randomly chosen patient in the population studied. Pregnancy rates decline with increasing

cycle number.
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Conclusions
Decentratization of IVF treatment with transport and satellite clinics has no adverse effects
on the freatment outcome and offers several advantages to the patients.

In most cases the monitoring of controlled ovarian hyperstimulation for IVF can be limited

to one ultrasound measurement only.
An age limit of 40 years for acceptance of patients for IVF is not justified.

Toor fertilization has a high chance of recurrence in a second IVF cycle, irrespective of the

number of motile sperm cells/ml. semen in the first cycle.

I approximatefy 2% of cases IVF treatment gives procedure-related clinical complications

leading to hospital admission.
Triplet pregnancies after IVF should be prevented by replacement of two embryos only.

Cumulative pregnancy rates should be validated by analysis of the treatment performance of

those who discontinued treatment,
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Samenvatting

In de inleiding worden controversiéle onderwerpen op het gebied van de geassisicerde
vooriplantingstechnieken genoemd en worden de doelstellingen van dit proefschrift vermeld. De
doelstellingen zijn: Het vaststellen van de uitvoerbaarheid en doeliveffendheid van een
gedecentraliseerd IVF programma met transport- en satellietklinieken. Het verder ontwikkelen
van kriteria voor het toelaten van patiénten voor 1VF behandeling en het ontwikkelen van een
veiliger beleid bij het terngplaatsen van embryo’s. Verder zullen controversiéle onderwerpen op
het gebied van 1VF besproken worden.

Dit proefschrift bestaat uit twee delen. In deel I worden de logistieke en organisatorische
aspekten van het IVF programma van het Zuiderziekenhuis en de uitvoerbaarheid van een
vercenvoudigd protocol voor monitoren tijdens gecontroleerde ovariéle hyperstimulatic
bestudeerd. Klinische aspecten van de 1VF behandeling worden bestudeerd in deel 2, Dit deel is
in drie secties onderverdeeld waarin behandeld worden: aspekten van selectie van patienten voor
IVE, het véoérkomen van complicaties ten gevolge van de behandeling, en de wijze waarop

succespercentages in IVF progranima’s worden weergegeven.

Hoofdstuk 1 is een evaluatie van de resultaten verkregen in een gedecentraliscerd IVF
programma met cen transport IVF-kliniek, satellietklinicken en een centraal universitair TVF
faboratorium. De verkregen behandelingsresultaten van het gedecentraliseerde programma werden
vergeleken met de resultaten verkregen in de universitaire IVF-kliniek. Beide programma’s
werken samen met hetzelfde IVE-faboratorium. Transport van eicellen na eicelpunctie naar het
centrale IVF-laboratorium gevolgd door embryoterugplaatsing in de universitaire TVF-klinick
bleek geen nadelige effecten op de uitkomst van de IVF-behandeling te hebben. in een
gedecentraliseerd programma kunnen taboratoriumfaciliteiten efficiénter benut worden.
Bovendien is cen gedecentraliseerd programma toeganke-lijker voor patienten die verder van IVF

klinicken verwijderd wonen.

Hoofdstuk 2 is een prospecticve studie naar de toepasbaarheid een tot een minimum beperkte
monitoring procedure tijdens de gecontroleerde ovariéle hyperstimulatie. In het transport TVF-
programma werd de ovariéle hyperstimulatie vervolgd door middel van echoscopisch onderzock
zonder bepalingen van het oestradiol in het serum., Het protocel voor het vervolgen van de
ovari€le reactie werd in de transport klinick veranderd met het doel het aanial echoscopién tot een

mininuun terug te brengen. Het protocol voor de satellietklinieken, waar artsen de cigen patiénten
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vervolgden, bleef ongewijzigd. In een prospecticve vergelijkende studie bleek het nieuwe protocol
geen nadelige effecten op de uitkomst van de IVF-behandeling te hebben. Bij 62% van de cycli
dic in de transport kliniek vervolgd werden bleek één cchoscopie afdoende. Hef intensief
vervolgen van de ovari€le hyperstimulatie voor IVF blijkt derhalve nicf noodzakelijk te zifn.

Hoofdstuk 3 is een overzicht van de literatuur over de logistieke voordelen van gonadotropine-
releasing hormoon agonisten (GaRIH-a) bij IVE, en een evaluatic van het gebruik van GnRH-a in
het transport 1VFE-programma, Bij routine gebruik van GnRH-a geven het korte flare-up protocol
en het lange protocol vergelijkbare klinische resultaten, Beide protocolien kunnen gebruikt
worden voor planning van de behandeling en bieden belangrijke logisticke mogelijkheden. Het
korte flare-up protocol lijkt het meest aangewezen protocol met het oog op kosten, tijd en
ongemak voor de patient. De intra-nasale toediening van GnRI1-a blijkt even goed toepashaar als

de subcutane toediening.

Hoofdstuk 4 is een overzicht van de literatuur over de relatic tussen leeftijd en uitkomst van TVF-
behandeling, Hoewel de leeftijd van de patiént een rol speelt bij de vruchtbaarheid, dient leeftijd
niet de belangrijkste parameter te zijn bij het accepteren van pati€nten voor 1VF, Bepaling van het
basaal follikel-stimulerend hormoon en de clomifeen citraat stimulatie test zijn beter bruikbaar
voor het voorlichten van patiénten voor sanvang van de behandeling.

Verschillende methoden zijn voorgesteld om de resultaten van IVF bij oudere patiénten te
verbeteren, De foediening van hoge doseringen gonadotrofines en het gebruik van GnRH-a in het
flare-up protocol zijn voorgesteld voor patiénten met cen slechtc ovarigle reactie tijdens
gecontroleerde ovariéle hyperstimulatie. De terugplaatsing van hogere aantallen embryo’s wordt
door enkele autewrs als een behandelingsmogelijkheid gezien. Eiceldonatie, hoewel controversieel

bij postmenopausale vrowwen , is een goed alternatief voor oudere vrouwen met slechfe

behandelingsresultaten.

Hoofdstuk S is een retrospectieve studie uitgevoerd om te bepalen of de leeftijd of de ovariéle
reactic op hyperstimulatie de betere voorspeller is van de uitkomst van IVF-behandeling bij
vrouwen ouder dan 40 jaar. Een slechte ovari€le reactie op gecontroleerde hyperstimulatie wordt
significant vaker gezien bij oudere patiénten. Bij cen analyse van alle uitgevoerde IVF-
behandelingen woydt een significante daling van het percentage klinische en doorgaande
zwangerschappen per behandeling gezien bij patiénten ouder dan 40 jaar. Echter, bij analyse van
behandelingen waarbij sprake was van een goede ovariéle reactie bleek er voor deze parameters
geen statistisch significant verschil te bestaan tussen patiénten ouder en jonger dan 40 jaar. Een
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logistische regressie analyse voor zwangerschap liet eveneens zien daf ovariéle reactic op
hyperstimulatie een hogere voorspellende waarde heeft dan leeftijd. Een strikte leeftijdsgrens voor
behandeling met IVF dient dan ook niet gehanteerd te worden. In plaats hiervan kan de ovariéle
reactie op gecontroleerde hyperstimulatie gebroikt worden om patiénten met goede vooruitzichten

op een succesvolle behandeling te selecteren.

Hoofdstuk ¢ behandelt de behandelingsprognose na slechte bevruchting van eicellen in de eerste
IVF-cyclus. Falende bevruchting en slechte beviuchting werden gedefinicerd. De relatie tussen
bevruchtingsgraad en het aantal bewegende zaadcellen/ ml semen werd geanalyseerd. Drie
patientengroepen met verschillende semenkwaliteit in de cerste TVF-cyclus werden gedefinieerd,
In alle groepen bleck slechie bevruchting een hoge herhalingskans te hebben in een tweede
cyclus. In de bestudeerde populatie dient het gebruik van de intra-cytoplasmatische spermatozoa
injectie overwogen te worden na slechte bevruchting in de cerste IVF-cyclus. Dit geldt vooral

wanneer sprake is van een kicine eicelopbrengst.

Hoofdstuk 7 is een overzicht van de literatuur over het vodrkomen van klinische complicatics
gerelatecrd aan de 1VF-behandeling. In dit hoofdstuk worden tevens de klinische complicatics die
zich voordeden bij 2495 opeenvolgende cycli in het transport [IVF programma beschreven. Hierbij
was sprake van vier verschillende complicaties leidend tot ziekenhuisopname: het ovarieel
hyperstimulatiesyndroom, steeldraai van een adnex, salpingitis en extra-uteriene graviditeit. Een
totaal aantal van 51 patienten werd met complicaties opgenomen. Het is aangewezen patienten
voor fe lichten over het vdérkomen van emnstige complicaties van IVE voor aanvang van de

behandcling.

Hoofdstuk 8 beschrijfl de uitkomst van alle drie- en vierlingzwangerschappen ontstaan in 2495
opeenvolgende I'VF-behandelingen. Het vOorkomen van spontane reductie tot een twee- of
éénlingzwangerschap, en acceptatic van selectieve embryo reductie werden bestudeerd. Van de
624 verkregen zwangerschappen bleken er 23 een diielingzwangerschap te zijn, ¢émmaal was
sprake van een vierling., Sclectieve embryoreductie werd door twee patienlen met cen
drielingzwangerschap en door de patient met de vierling verkozen als behandelingsmogelijlkheid,
en werd dus door slechts 12.5% van de patienten geaccepteerd. Spontane reductic naar een
tweelingzwangerschap kwam voor bij 3 van de drielingen. De 18 drielingen die een
zwangerschapsduwr van 20 of meer weken bereikten werden vergeleken met 54 tweelingen,
willekeurig gekozen uit dezelfde populatie, vergelijkbaar voor wat betreft leeftijd en pariteit. De
resultaten van IVF-behandeling na terugplaatsing van 2, 3 of 4 cmbryo’s, en de kans op een
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drielingzwangerschap na terugplaatsen van 3 embryo’s werden geanalyseerd. Een hoge perinatale
sterfte werd gevonden in de groep drielingen (11/54). Van de 18 paren met een
drielingzwangerschap werden er 6 geconfronteerd met het verlies van tenminste &én kind. In
vergelijking met tweelingen werden drielingen vroeger geboren, hadden zij een lager
geboortegewicht, cn werden de pati€nten en de kinderen vaker en langduriger opgenomen. Een
zwangerschap na terugplaatsen van 3 embryo’s bleek in 7.5% van de gevallen een
drielingzwangerschap te zijn. Terugplaatsen van slechts 2 embryo’s bleek acceptabele
behandelingsresultaten te geven, en is het in het IVF-progranuna in Rotterdam gekozen beleid om

drielingzwangerschappen te voorkomen.

In hoefdstuk 9 worden de verschillende methodes om de succespercentages van een TVF-
programma weer te geven besproken. De cumulatieve kans op zwangerschap na dric pogingen in
het transport IVE-programma werd berekend. Onderzocht werd of deze cumulatieve kans
beinvloed werd doordat relatief veel patienten met een slechte behandelingprognose het
programma verlieten. Cych van patienten die na een mislukte poging stopten met IVF werden
vergeleken met cycli van patienten die doorgingen met de behandeling. Vergeleken werden de
bevruchtingsgraad en de frequentie van vddrkomen van voorspellers van slechte uitkomst van de
behandeling: eicelopbrengst < 2 en terugplaatsing van < 2 embryo’s, De cumulatieve
zwangerschapskans na drie cycli was 55.1%. Patiénten die stopten met de behandeling en zij die
doorgingen verschilden niet statistisch significant voor genoemde parameters. De cumulatieve
zwangerschapskans van 55.1% na drie cycli geeft dethalve een betrouwbare indicatie van de kans
op zwangerschap voor een willekeurig gekozen patiént uit de bestudeerde populatie. De kans op

zwangerschap bleek af te nemen in volgende cycli.
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Conclusies

Decentralisatie van cen IVF programma met transport- en satellietklinicken heeft geen
nadelig effect op de uitkomst van de behandeling en biedt de patiéuten verschillende

voordelen.

In de meeste gevallen kan het monitoren van de gecontroleerde ovariéle hyperstimulatie voor

IVF beperkt worden tot slechts één echoscopie.
Een leeftijdslimiet van 40 jaar voor declname aan [VF-behandeling is niet gerechtvaardigd.

Slechte bevruchting heeft een hoge kans op herhaling in een tweede IVF cyclus onathankelijk

van het aanial bewegende zaadeellen per ml semen in de eerste cyclus,

In ongeveer 2% van de gevallen geeft [VF-behandeling kiinische complicaties leidend tot

ziekenhuisopnaime.

Drielingzwangerschappen na 1VF dienen voorkomen te worden door het terugplaatsen van

slechts twee embryo’s.

De geldigheid van de cumulatieve zwangerschapskans dient getest te worden door cen
analyse van de resultaten van de patignten dic stopten met de behandeling.
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