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Abstract

Poor ovarian response (POR)—retrieval of 3 or fewer eggs, is a challenging issue in IVF. A retros-
pective study included POR women who underwent 386 IVF cycles. The data were classified in
four groups according to women'’s age (years) during the treatment cycle: 1) 20 - 34 (n = 133), 2)
35-39(n=133),3)40-42 (n=78),4) 43 - 47 y (n = 42), and correlated with the characteristics of
the population. The clinical pregnancy rates for groups 1, 2, 3, and 4 were: 23.3%, 12%, 2.6%,
4.8%, respectively. It was found to be significantly higher (p < 0.001) comparing group 1 with
group 3 patients. The “take home baby” rate was much lower (p < 0.001) in group 3; there were no
deliveries in group 4. Delivery rates for groups 1, 2, 3, and 4 were: 19.5%, 10.5%, 1.3% and 0%,
respectively. Intraabdominal adhesions were more common (p = 0.005) as the cause of infertility
in group 3 women compared to groups 2 and 1: 24.4% compared with 9% and 9.8%, respectively.
According to multivariate regression analysis, the parameters that negatively reflect on the preg-
nancy rate in POR women are intraabdominal adhesions, POR in the past, and increased age. We
suggest encouraging young POR patients to pursue IVF treatments since the “take home baby”
rates are reasonably good.

Keywords

IVF, Poor Ovarian Response, Failed IVF Treatments

1. Introduction

Poor ovarian response (POR) to stimulation is a challenging issue in the field of infertility. Poor responders have
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a higher incidence of cycle cancellation, lower fertilization rate, and lower pregnancy and implantation rates [1].
Data from the ASRM/SART register show that 14.1% of initiated cycles are canceled, and it is assumed that at
least 50% of those were poor responders [2].

Since POR was initially described, diverse criteria have been used to define it. The lack of a uniform defini-
tion of a poor response in the past, led in 2011 to the development of the “Bologna criteria” for poor ovarian re-
sponse [3]. The definition represents the first realistic attempt by the scientific community to standardize the de-
finition of POR in a simple and reproducible manner.

The minimal criteria needed to define POR include the presence of at least two of the following three features:
1) advanced maternal age or any other risk factor for POR, 2) a previous POR, and 3) an abnormal ovarian re-
serve test (ORT). The new consensus enables comparing between studies to evaluate the different risk factors
for POR and the contribution of different interventions to the success rate of treatments.

The etiology of poor response to ovarian stimulation is indeterminate; there are many factors estimated to af-
fect POR, but clearly the ovarian response is related to increasing age. Studies have confirmed that the IVF
pregnancy rates diminish with increasing age [4]-[6]. The cutoff age above which the pregnancy rate starts to
diminish significantly was found to be 36 years. In younger patients, the causes of the poor response are uncer-
tain, but it represents a step toward depletion of the ovarian pool [7]. Short menstrual cycle length, single ovary,
ovarian cystectomy, cigarette smoking, unexplained infertility, chemotherapy, and radiotherapy are well-estab-
lished risk factors [8]. Other risk factors such as ovarian endometriomata [9] and uterine artery embolization [10]
are still controversial.

Several endocrine and ultrasonographic markers are used to assess the ovarian reserve [11]-[13]. However,
these tests are not accurate enough, and for many women poor ovarian response is discovered only during the
first IVF attempt. Moreover, there is no consensus on the precise management of this group of patients. An ex-
tensive number of treatment protocols for poor responders have been proposed in the context of IVVF, but there is
no evidence that any of the specific treatment strategies is more effective than another [14] [15].

The aim of our study was to compare pregnancy and birth rates between different age groups of patients with
POR. We explored the factors that might be related to reduced ovarian response to gonadotropin treatment,
while defining the group of patients with improved prognosis to achieve pregnancy despite POR.

2. Materials and Methods

A retrospective cohort study was performed at the IVF Unit of the Soroka University Medical Center from Jan-
uary 1999 to December 2009 based on data from the medical records. The study was approved by the IRB
committee and includes 386 IVF cycles with 3 or fewer oocytes retrieved from 277 women aged 18 - 47.

The following exclusion criteria were applied: age below 18 and over 47, women who didn’t complete the
IVF treatment for non-medical reasons, cycles canceled due to failure to supply a sperm specimen, cycles can-
celed due to azoospermia, women who had a poor response at the initial IVF treatment but in the following
cycles had an improved response and produced more than 3 oocytes, patients who used surrogate uterus.

The patients were stratified to four groups according to their age during the treatment cycle: group 1—20 - 34
years, group 11—35 - 39 years, group 111—40 - 42 years, and group 1IV—43 - 47 years. For every age group de-
mographic, gynecologic, obstetric, infertility, and IVF parameters were compared. The following data were rec-
orded: age, indication for IVF treatment, risk factors suspected for poor ovarian response, pregnancies and mis-
carriages in the past, biochemical measures, number of oocytes retrieved and fertilized in an IVF cycle, the
quantity of gonadotropins consumed in the given cycle, and the treatment outcome—pregnancy and delivery.
Late miscarriage was defined as miscarriage starting at 16 weeks of gestation and later; abdominal surgery was
defined as an abdominal non-reproductive system intervention; gynecological surgery was defined as reproduc-
tive system intervention, not including caesarean section or curettage. Obstetric history including past pregnan-
cies, deliveries, miscarriages, chemical pregnancies, ectopic pregnancies, and induced abortions was compared.

3. Statistical Analysis

Comparison between the age groups was performed by Kruskal-Wallis. Chi-square test was used for qualitative
variables, and Student’s t-test or ANOVA for quantitative variables. Multivariate logistical regression analysis
was applied for non-dependent variables that were statistically or clinically significant. Relationship between the
variables was also analyzed. The dependent variable was clinical pregnancy yes/no. Statistical analysis was
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performed using SPSS software version 18 (statistical package for social science version 1 for Windows). P
value < 0.05 was considered statistically significant.

4. Results

A total of 277 women undergoing 386 IVF cycles were included: group 1—20 - 34 years (n = 133), group 11—35
- 39 years (n = 133), group 111—40 - 42 years (n = 78), and group 1IV—43 - 47 years (n = 42).

Inspecting the general and gynecological characteristics of the groups, the BMI was significantly higher in
group 1 compared to group 4 (Table 1). The rate of smokers was highest in group 4, and lowest in group 3;
however, the differences did not reach statistical significance. Previous abdominal surgery was found to be more
prevalent among younger women in group 1 compared to older patients in groups 3 and 4. Inversely, gyneco-
logic surgery in the past was more common in the older age group versus younger women. Curettage in the past
was significantly more frequent in groups 2, 3, and 4 compared to group 1 (Table 1). Concerning obstetrical
history, the clinical data wasn’t significantly different between the age groups, probably due to the small number
of pregnancies in the past.

While investigating the infertility etiology, a significant prevalence of pelvic adhesions was found in group 3
compared to the other study groups (Table 2). The FSH level on menstrual day 2 was significantly higher in
groups 3 and 4 compared to groups 1 and 2. The highest prolactin level was observed in group 2 and TSH level
was significantly elevated in group 4 (although both were within normal range). A history of POR was signifi-
cantly higher in group 3. Differences for other parameters such as male factor or tubal occlusion did not reach
statistical significance (Table 2).

As shown in Table 3, the most common ovarian stimulation protocol used in the youngest age group was the
long GnRH agonist protocol and the most common ovarian stimulation protocol in group 4, the oldest age group,
was the short GnRH agonist protocol (50%). In group 3, the number of short and long protocols was almost
equally divided. GnRH antagonist protocol was more frequently applied as the patient’s age advanced (Table 3).
In all age groups the ICSI method was more prevalent than insemination of oocytes, but without statistical signi-
ficance. Additionally, the fertilization rate for all 3 available oocytes was much higher in group 1 compared with
the other age groups, namely: 21.1%, 10.5%, 12.8%, and 7.1% for groups 1, 2, 3, and 4, respectively. Neverthe-
less, the differences were not statistically significant. Finally, the quantity of gonadotropins implied was highest
in group 4 (mean 4283.92 + 1408.022 1U) and the lowest in group 1 (mean 3762.86 + 1622.153 IU); however,
with no statistical significance (Table 3).

Significantly higher clinical and pregnancy rates were found in group 1 in comparison with the other study
groups. Furthermore, the “take home baby” rate was significantly higher in group 1 compared to the other
groups; there were no deliveries in group 4. Chemical pregnancies were more common in the younger age
groups: 2.3%, 2.3%, 1.3%, and 0 for groups 1, 2, 3, and 4, respectively. However, the differences were not sta-
tistically significant (Table 4).

Using a multiple logistic regression analysis model for confounders affecting the pregnancy rate such as pre-
vious miscarriages, pelvic adhesions, POR in the past, and maternal age were found to negatively affect the
pregnancy rate (Table 5).

Table 1. General and gynecological characteristics of the study groups.

Age group | Age group Il Age group 11 Age group IV

20 - 34 (n = 133) 35-39 (n=133) 40 - 42 (n=78) 43 - 47 (n = 42) # el
Age (years = STD) 30.48 +3.17 36.95+1.33 41.04 £0.81 43.98 £ 1.04

BMI 26.86 + 6.82 25.61 +5.42 25.83+5.15 22.73+4.24 0.03
Smoking (%) 29.3 27.8 23.1 38.1 0.377
Abdominal surgery (%) 8.3 6 2.6 4.8 0.395
Gynecological surgery (%) 9 9.8 17.9 21.4 0.055
Cesarean section (%) 8.3 15.8 10.3 11.9 0.28
Curettage (%) 11.3 30.1 28.2 23.8 0.001
PID (%) 45 5.3 9 48 0.568

BMI—Body Mass Index; PID—Pelvic Inflammatory Disease.



A. Uretzky et al.

Table 2. Infertility characteristics of the study groups.

Age group | Age group Il Age group I Age group IV P Value
20-34(n=133)  35-39(n=133) 40- 42 (n=78) 43 - 47 (n = 42)
Unilateral tubal occlusion (%) 18 14.3 16.7 4.8 0.2
Bilateral tubal occlusion (%) 135 12.8 25.6 214 0.054
Pelvic adhesions (%) 13 9 244 9.5 0.005
Male factor (%) 81 66.9 53.8 64.3 0.308
Unexplained infertility (%) 28 17.3 20.5 23.8 0.778
Endometriosis (%) 14 6.8 6.4 71 0.63
Menstrual length (days + STD) 36.46 + 30.36 29.69 + 14.26 28.17£2.03 29.48+11.31 0.026
FSH (IU/ml £ STD) 8.998 + 7.046 9.637£5.11 10.938 £ 6.201 10.274 £ 5.311 0.006
Prolactinng/ml 16.57 + 8.667 17.26 +10.854 13.69 + 7.683 16.83 + 3.369 0.028
TSH (IU/ml £ STD) 2.21+1.242 2+1.074 2.33+0.921 2.93+1.701 0.002
POR in the past % 30.8 43.6 53.8 381 0.016
Table 3. IVF cycles characteristics of the study groups.
Age group | Age group Il Age group 11 Age group IV P Value
20-34 (n=133) 35-39 (n=133) 40-42 (n=78) 43 - 47 (n = 42)
Protocol
(%)
Long 73.7 56.4 385 23.8
Short 12.8 24.8 37.2 50 0.001
Antagonist 135 18.8 244 26.2
Micro-manipulation
(%)
Insemination 34.6 24.1 30.8 23.8
ICSI 46.6 59.4 50 57.1 0.564
Both 3 2.3 1.3 0
E2Peak 1009.35 £ 549.49 930.59 + 487.41 988.41 +493.83 845.14 + 406.37 0.13
Oocytez* O/Lt;trleved 0.305
0 4.5 53 6.4 4.8
1 22.6 18 30.8 26.2
2 27.1 33.8 26.9 31
3 45.9 42.9 35.9 381
OocyteE 0/f()s;rtlllzed 0365
0 21.8 24.8 25.6 31
1 35.3 331 41 31
2 21.8 316 205 31
3 211 10.5 12.8 7.1
Transfer;g:/(:)embryos 0.763
0 27.1 30.1 26.9 31
1 36.8 38.3 47.4 40.5
2 30.1 27.8 16.7 23.8
3 6 3.8 9 4.8
Gonadotropins 1U 3762.86 + 1622.15 4103.77 + 1548.52 3968.04 + 1422.42 4283.93 + 1408.02 0.171
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Table 4. IVF outcome of the study groups.

Age group | Age group Il Age group I Age group IV P Value
20 - 34 (n = 133) 35-39 (n=133) 40 - 42 (n = 78) 43 - 47 (n = 42)
Clinical pregnancy (%) 23.3 12 26 4.8 <0.001
Chemical pregnancy (%) 2.3 2.3 13 0 0.755
Ectopic pregnancy (%) 0.8 0 0 0 0.592
Late miscarriage 3 4.5 9 9.5 0.171
Trimester 1 miscarriage (%) 2.3 15 0 4.8 0.295
Artificial abortion (%) 0.8 0 0 0 0.592
Delivery (%) 19.5 10.5 13 0 <0.001
Table 5. Multiple logistic regression analysis of pregnancy rate related factors.
Factor Odds ratio C.l. 95% of OR P value
Miscarriage 0.333 0.084 - 1.322 0.118
Atrtificial abortion 1.972 0.677 -5.749 0.213
Pelvic Adhesions 3.716 1.575 - 8.767 0.003
POR in the past 0.524 0.318 - 0.863 0.011
Age 20 - 34 0.499 0.247 - 1.008 0.053
Age 35 - 39 0.079 0.017 - 0.360 0.001
Age 40 - 47 0.181 0.041 - 0.809 0.025

POR—Poor Ovarian Response.

5. Discussion

The most prominent finding of the study is the significant difference in IVF outcomes between older and
younger patients regardless of the fact that the number of retrieved eggs was similar for all age groups. The ab-
sence of a widely agreed uniform definition for POR made the comparison with previous studies of POR diffi-
cult, resulting in debatable non-proven treatment regimens of POR [3]. The advantage of the current study is the
use of patient selection according to the ESHRE consensus on the definition of “poor response” to ovarian sti-
mulation known as the Bologna criteria [3].

No statistical significance in the aspect of number of oocytes retrieved, oocytes fertilized, or number of em-
bryos transferred was observed. Although younger women’s follicles were not observed to secrete more estro-
gen or to produce more oocytes, they do have more pregnancies. Additionally, the number of fertilized oocytes
in the younger group was improved with greater chances of fertilization of all 3 oocytes available. The clinical
pregnancy rate was significantly higher in the youngest age group and, accordingly, deliveries were also more
prevalent in this group. The reduced fecundity related to age may be explained by a decline in egg quality ex-
pressed by a gradual rise in chromosomal aberrations in the oocytes and embryos related to ageing [16]. It had
been found that aneuploidy rates rise as the ovarian reserve decline [17]-[19] and that younger age doesn’t pro-
tect against the negative consequences of a decline in ovarian reserve [20]. We have been able to demonstrate an
inverse correlation between age group and the outcome of clinical pregnancy, which is in contrast with a pre-
vious study [21], where all the women defined as POR had the same clinical pregnancy rate, unrelated to age.
However, the lack of compatibility does not necessarily imply a contradiction in the findings, since the study
populations were different. In our study, POR was defined as retrieval of 3 oocytes or fewer, whereas in the pre-
vious study [21], POR was strictly defined by the Bologna criteria. This couldn’t have been done in our study
since it was carried out retrospectively during the years that AFC and AMH weren’t clinically used.

It is well established that the ovarian follicle pool decreases with age [1] [22] and consequently higher gona-
dotropin doses are needed to achieve controlled ovarian stimulation (COS). In fact, the ovarian stimulation can
be viewed as a dynamic assessment of the resting ovarian follicular pool [7]. When POR is observed during COS,
an early sign of ovarian ageing or decreased ovarian reserve is suspected. Excluding causes for premature ova-
rian failure in young women related with genetic abnormalities (fragile X, turner syndrome, etc.), autoimmune
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disease, or enzyme deficiency [8], the results of this study emphasize the dissimilarity of oocyte conception
prognosis in young age as compared to older age POR patients despite a common pathway of reduced ovarian
follicular pool. The young patient with POR has a significantly greater chance to conceive and deliver. These
results contradict a previous study addressing the same question [20]. PID is known to be a risk factor for poor
ovarian response [23] [24]. Positivity to Chlamydia antibody testing had been found associated with a higher
rate of poor ovarian response, a finding that can point out that a Chlamydia infection has a bad influence on ova-
rian function [25]. Pelvic adhesions are a known sequel of pelvic infection, and therefore found to be related to
ovarian dysfunction [25]. In the current study, a higher rate of pelvic adhesions in the older group, and a strong
(reverse) correlation between pelvic adhesions and the outcome of clinical pregnancies were noted in accor-
dance with the previous observation of adverse PID sequelae and POR.

A statistically significant relationship between menstrual length and age was observed. The length of the
menstrual cycle was shorter with older age. This finding is in accordance with the results of another study [26].
However, we doubt the clinical significance of menstrual length on poor ovarian response. It is important to
point out that all the women who had amenorrhea longer than 6 months were defined as women who have a
menstrual length of 180 days. This minimized the statistical significance, because most of the women (5 out of 6)
were in group 1.

POR in the past treatment history was found to be significantly different between the age groups and nega-
tively affected the clinical pregnancy rate according to the logistic regression analysis.

It should be noted that in the age group 43 - 47, despite 4.8% clinical pregnancy rate, no deliveries were ac-
complished. This finding raises the question of whether it is justified to perform an IVF treatment in women
known to be POR and aged 43 or older.

As mentioned, clinical pregnancy rate in the young patients group with POR in comparison to the older
groups is significantly higher. We suggest encouraging young POR patients to pursue IVF treatments while the
chances for pregnancy and “take home baby” rates are reasonably good. Obviously more and larger studies
strictly following the Bologna criteria are necessary to confirm our findings.
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