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Abstract
Introduction
One of the major hardships faced by married couples is the inability to conceive a child. This issue is
becoming more prevalent given the increasing rate of infertility worldwide. Assisted reproductive
technology (ART) has brought hope to infertile couples. We aim to estimate the live birth rate (LBR) and
pregnancy rate in women with one ovary compared with those with two ovaries.

Methods
A retrospective cohort study of women who underwent ART at King Abdulaziz Medical City (Jan 2000 - Dec
2018) was conducted. Five cycles of patient data were collected. The LBR (both conditional and cumulative)
was compared between women with one and two ovaries.

Results
The final analysis included 403 women. Of these, 9% (n = 37) had one ovary. The majority (59%, n = 233) had
primary infertility. A male-associated factor accounted for 52% (n = 208) of the infertility cases. The total
number of live births was 164; and the overall LBR from five cycles was estimated as 9%, 16%, 18%, 18%, and
15%, respectively. In the double ovary group, the highest rate was in the fourth cycle [19% (12-26)], while in
the single ovary group peaked in the third cycle [27% (9-46)]. Pregnancy was at its highest in the first cycle,
accounting for 88 pregnancies.

Conclusion
The outcomes of ART varied between study groups. LBR was lower in single ovary women. The average of
five cycles in the single and double ovary groups was 13% and 15%, respectively. Nevertheless, there was no
significant difference in LBR between single or double ovary women.

Categories: Obstetrics/Gynecology
Keywords: live birth rate, in vitro fertilization iv, reproductive endocrinology, single ovary

Introduction
Infertility is “a disease characterized by the failure to establish a clinical pregnancy after 12 months of
regular, unprotected sexual intercourse or due to an impairment of a person's capacity to reproduce either
as an individual or with his/her partner” [1]. Infertility is common worldwide with a prevalence of 8-12% [2].
According to the World Health Organization, there has been a significant worldwide decline in fertility rates
over the past few decades. The World Bank’s database also shows a drastic decline in fertility rates from
5.05% in 1964 to 2.43% in 2017 [3]. Regional statistics in Saudi Arabia indicate a decline in fertility rates
from 7.25% in 1994 to 2.37% in 2017 [3]. Infertile couples tend to seek help via assisted reproductive
technologies (ART) such as in vitro fertilization (IVF), intra-cytoplasmic injection (ICSI), ovulation induction
(OI), and intrauterine insemination (IUI). A Brazilian study conducted in 2019 estimated the prevalence of
IVF and ICSI was 70.6% and 11.7%, respectively, compared to other technologies [4]. As infertility rates
increasing globally, increased demand for ART has been observed. Providing patients with realistic
expectations in terms of potential outcomes are mandatory before they go through the rigors of ART. The
main goal of using ART is to conceive a live newborn and the probability of doing so is reflected upon the
live birth rate (LBR).

Assisted reproductive technologies suitability and outcomes are dependent on many factors including age,
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type of infertility, sperm characteristics, hormone levels, history of gynecological pathologies and
procedures, body mass index (BMI), and previous ART complications [5]. Moreover, conditions such as
endometriosis, ovarian mass or cyst (benign or malignant), and complications (e.g., ectopic pregnancy)
predispose to invasive procedures such as oophorectomy, salpingectomy, and hysterectomy which could
affect IVF cycle outcomes and the length of treatment [6]. Locally, a study in Jeddah, identified the
indications for laparoscopy as infertility (40%), ectopic pregnancy (15.8%), and endometriosis (11.1%) [7].
These will also affect ART outcomes such as pregnancy rate and LBRs, which are of particular concern when
treating women with a single ovary. It remains unclear whether there are any ramifications in terms of ART
outcomes. Among the scarce data comparing women with one and two ovaries, some studies have reported
that the pregnancy rate is similar between the two groups, while others have found it to be less in single
ovary women [8-9]. Similarly, others reported lower LBRs among women who underwent a unilateral
oophorectomy (18.6%) compared with women who have two functional ovaries (25.4%) [10].

Assisted reproductive technologies outcomes include LBR, cumulative LBR (CLBR), and pregnancy rate (PR).
Each rate has its importance and implications. Success rates for ART cycles have traditionally been reported
as pregnancies per cycle according to maternal age. In most cases, success reporting in ART involves
calculating outcome parameters such as pregnancy, delivery, (live) birth per started cycle, per (oocyte)
aspiration, or per (embryo) transfer. LBR is an outcome that manifests the success of IVF and ICSI;
furthermore, it is the primary outcome of the number of deliveries that result in live-born neonates [11]. The
CDC reported that 284,385 ART cycles were performed in 2017, resulting in 68,908 live births in the United
States [12].

In Saudi Arabia, there is a huge effort and demand for ART, yet there is a vast knowledge gap that must be
bridged. We need a comprehensive study assessing ART success rates, techniques, and risk factors. Our study
aimed to compare pregnancy, LBR, and CLBRs among women with single and double ovaries.

Materials And Methods
Study design, area, and settings
In this retrospective cohort study conducted at King Abdulaziz Medical City (KAMC), Riyadh, Saudi Arabia,
we scrutinized the data from patients' health records (electronic and hard copy) from the In Vitro
Fertilization (IVF) Unit and Health Information Management (HIM) system. This study was approved by the
Institutional Review Board of King Abdullah International Medical Center (KAIMRC), Riyadh, Saudi Arabia.

Study participants, sampling technique, and sample size
We included Saudi women admitted between January 2000 and December 2018 to the IVF unit who
underwent IVF or ICSI during the study period. Inclusion criteria included primary or secondary infertility,
double or single ovary women, and normal hormonal levels such as prolactin or thyroid-stimulating
hormone (TSH). Patients were excluded for documentation issues such as missing data. We used a stratified
random sampling technique. We divided the subjects who met the inclusion criteria into two groups, double
and single ovary women. In the literature, the LBRs in single and double ovary women were 18-25% and
32.3%, respectively [10]. Based on these previous studies, we calculated our sample size using a power of
80% and alpha 0.05; we assumed unequal values by keeping P1 > P2. Therefore, the estimated sample for
double and single ovary groups were 300 and 132, respectively. However, we could not reach the estimated
sample size for the single ovary group.

Data collection
Data were collected in collaboration with the In Vitro Fertilization and Health Information Management
(HIM) departments, both of which are responsible for maintaining up-to-date records of all assisted fertility
patients. Patient data from 2000 to 2015 were obtained from paper files at HIM department, while data from
2016 to 2018 were extracted from the hospital’s electronic database “BESTCare system”. Patients were
followed during their ART trials, and the main variables included were wife and husband demographic
profiles, duration of infertility, and semen analysis for men (volume, concentration, motility, morphology,
viscosity, gelatinous particles, and spermatocyte). The grouping variables were single and double ovary
groups and the presence of a male-associated factor as the cause of infertility. Aside from the underlying
cause of infertility, pre-cycle details included type of ART, reproductive hormone levels, clinical
investigations (hysteroscopy, ultrasound, laparoscopy, hysterosalpingogram), and treatments (Clomid,
follicule-stimulating hormone [FSH], gonadotropin releasing hormone (GnRH), and human chorionic
gonadotropin [hCG] supplements). Data for the first five cycles for all eligible women were extracted and
analyzed.

Operational definitions
The pregnancy rate was defined as the number of pregnancies achieved ending with a viable birth with the
exclusion of abortions. Live births reflect the number of deliveries that resulted in a live newborn. Three
different live birth rates were analyzed: conditional, conservative, and optimal. Calculation details are
provided in the supplementary file. The conditional live birth rate was calculated by dividing the number of
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live births per cycle by the number of women in that cycle. Conservative live birth rate (CLBR) is the
cumulative live births over women's number in the first cycle [13-14].

Statistical analysis
After data entry was complete, the initial frequencies were run to check for any data entry deficiencies.
Necessary corrections were made after accessing the original files when needed. Data were analyzed using
the Statistical Package for Social Sciences (SPSS) version 22 and Microsoft Excel. Patient profiles are
summarized in tables using percentages and frequencies for the categorical variables (e.g., ART, treatment,
investigation, and presence of comorbidities). Numerical variables (e.g., age, number of
cycle/oocytes/embryos, infertility duration) were presented as mean and standard deviation. The two groups
were based on the number of ovaries. The primary outcomes (e.g., LBR, OLBR, CLBR) were presented in
tables along with standard error. The LBR was calculated by dividing the total number of women who
became pregnant by the eligible women who underwent ART in the corresponding cycle. The optimal live
birth rate (OLBR) included women from the first cycle and other cycles. Kaplan-Meier curves were used to
report the optimal estimate of the cumulative live birth rate, whereas the Greenwood formula was used to
estimate the standard error. All of the estimates are presented in figures for all patients and stratification
according to their respective groups [14-16].

Results
Among women admitted to the IVF department, 846 were randomly chosen. Double and single ovary women
accounted for 50% (n = 424) and 49.9% (n = 422), respectively. From which, 403 were included in this study,
9% (n = 37) single ovary while 91% (n = 366) double ovaries. Primary infertility accounted for 59% (n = 233).
Infertility duration ranged from 24 to 168 months. Infertility due to male-associated factors accounted for
52% (n = 208). Hypothyroidism was the most prevalent comorbidity, 17% (69). A group of women (n = 91)
had additional anovulatory cycles. On the other hand, the husband's mean age 35 ± 8 years. The presence of
infertility problems accounted for 34% (n = 136). Comorbidities included spermatic disease 11% (n = 44),
testicular disease 10% (n = 39). Semen analysis was also recorded in comparison between positive and
negative male associated factors. Among husbands presenting with a male-associated factor, 26% (n = 54)
received treatment, 27% (n = 57) testicular sperm aspiration (TESA). Tables 1-2 show wife and husband
demographics respectively.
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Wife Demographics

Variables N (%)

  Infertility type  

    Primary 233 (59%)

    Secondary 164 (41%)

 Infertility duration (months) Median (Q1-Q3) 48 (24-168)

 Presence of male-associated factor  

    Absent 195 (48%)

    Present 208 (52%)

Presence of female-associated factor  

    Motility (inhospitable) 87 (44%)

    Oocyte 1 (1%)

    Endometriosis 15 (8%)

    Tubular 53 (27%)

    Uterine 11 (6%)

    Hormonal 5 (3%)

    Unexplained 25 (13%)

    Ovarian 3 (2%)

Ovary Number  

    Single 37 (9%)

    Double 366 (91%)

Surgery Type*  

    Salpingoophrectomy 4 (31%)

    Salpingectomy 3 (23%)

    Oopherectomy 5 (39%)

    Partial oophorectomy 1 (8%)

Wife Comorbidities**  

    Hypothyroidism 69 (17%)

    Hyperprolactinemia 31 (8%)

    Dyslipidaemia 5 (1%)

    Diabetes 16 (4%)

    Hypertension 5 (1%)

    Bronchial asthma 10 (3%)

    Others 9 (4%)

TABLE 1: Baseline Characteristics – Wife
*From single ovary group.

**Values reported based on the categorical variable “Yes”.
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Husband Demographics

Variables All Samples [N (%) / Mean ± SD] Male-associated factor positive**  [N(%) / Mean  ± SD]

Age (years) 35 ± 8 36 ± 9

Comorbidities* 44 (11%) 40 (19%)

Spermatic disease 39 (10%) 30 (14%)

Testicular disease 19 (5%) 13 (6%)

Diabetes 14 (4%) 12 (6%)

Hypertension 12 (3%) 10 (5%)

Others 44 (11%) 40 (19%)

Infertility problem* 136 (34%) 128 (62%)

  Sperm motility (n = 275) 53 ± 32 36 ± 28

  Normal morphology (n = 160) 6 ± 10 4 ± 9

  Viscosity (n = 52) 0.3 ± 1 0.3 ± 1

  Concentration (n = 313) 62 ± 108 22 ± 43

  Volume (n = 310) 3 ± 3 2 ± 1

  Abstinence days (n = 125) 4 ± 2 4 ± 1

  Spermatocytes (n = 53) 2 ± 3 2 ± 4

  Leukocytes (n = 51) 1 ± 2 1 ± 1

  Received treatment* 55 (14%) 54 (26%)

  Testicular sperm aspiration* 59 (15%) 57 (27%)

  Testicular sperm extraction* 7 (2%) 7 (3%)

TABLE 2: Baseline characteristics – husband
*Values reported based on categorical variable “Yes”.

**Values reported are based for male-associated factor positive patients only. Each variable considers a different denominator to calculate the
percentages.

For the first cycle, the mean age and BMI were 30 ± 5 years and 29 ± 5, respectively. FSH supplementation
was given to 320 women which can be sub-divided into: 72% (n = 231) human menopausal gonadotropin
(HMG), 20% (n = 65) Gonal F, 7% (n = 23) Puragon. In addition, gonadotropin supplementation was given to
239 of the patients: 57% (n = 135) Decapeptil; 30% (n = 71) Cetrotide; 13% (n = 31) Lupron. The type of ART
used was 54% (n = 208) ICSI, 37% (n = 45) IVF, and 9% (n = 35) split. The mean number of oocytes was (10 ±
6), cryopreserved (7 ± 2), and embryo transfer (3 ± 1). Please refer to Table 3 for further information
regarding cycles one to five for all women.
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Variable
Cycle 1 (n = 397) Cycle 2 (n = 310) Cycle 3 (n = 219) Cycle 4 (n = 140) Cycle 5 (n = 88)

N Mean ±
SD/% N Mean ±

SD/% N Mean ±
SD/% N Mean ±

SD/% N Mean ±
SD/%

Age 376 30 ± 5 127 31 ± 5 203 32 ± 5 132 33 ± 5 79 34 ± 4

BMI 339 29 ± 5 149 29 ± 5 170 29 ± 5 55 31 ± 5 35 31 ± 6

Number of Oocytes 371 10 ± 6 286 10 ± 6 195 11 ± 7 123 10 ± 6 81 9 ± 6

Number of Embryos
Transferred 350 3 ± 1 269 3 ± 1 185 3 ± 1 114 3 ± 1 76 2 ± 1

Type of FSH (320)  (260)  (171)  (105)  (73)  

Gonal F 65 20% 51 20% 36 21% 13 12% 13 18%

HMG 231 72% 184 71% 47 68% 82 78% 52 71%

Puragon 23 7% 24 9% 18 11% 9 9% 5 7%

Bravelle 1 0% 1 0% 1 1% 1 1% 3 4%

Type of GnRH (239)  (203)  (135)  (87)  (58)  

Lupron 31 13% 34 16% 13 10% 11 13% 6 10%

Decapeptil 135 57% 114 56% 81 60% 49 56% 29 50%

Cetrotide 71 30% 52 26% 38 28% 26 30% 23 40%

Cycle Status* (397)  (309)  (218)  (197)  (87)  

Done 358 90% 282 91% 191 88% 181 92% 82 94%

Cancelled 11 3% 6 2% 6 3% 7 4% -- --

Failed 28 7% 21 7% 21 10% 9 5% 5 6%

TABLE 3: Clinical characteristics of all women based on each IVF cycle
     * Values based on categorical variable “Yes”.

Live and cumulative birth rates (LBR and CLBR) were estimated for each cycle in Table 4. The total number
of live births was 164. The live birth rates per cycle were 9%, 16%, 18%, 18%, and 15%, respectively. In the
double ovary group, the highest rate was in the fourth cycle [19% (12-26)], while the single ovary group
peaked in the third cycle [27% (9-46)]. We found no statistical difference between LBR and the number of
ovaries (P > 0.05). Figure 1 shows a comparison between the number of pregnancies and live births in each
cycle. Pregnancy was highest in the first cycle, accounting for 88 pregnancies, and lowest in the fifth cycle.
The number of live births was highest in the second cycle and lowest in the fifth. In Figure 2, live,
conservative, and optimal birth rates are presented in each cycle for all, double, and single ovary women.
Live birth rates in both groups of women were similar in the first and second cycles and reached the highest
rate for the single ovary group in the third cycle, while double ovary and all-women groups remained
synchronous until the fifth cycle. In the fourth cycle, the single ovary group reached its lowest rate, which
then increased in the fifth cycle.
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Cycle
(i)

Number of
women (Ni)

Live births
(LBi)

Live birth rate within each cycle,
% (95% CI)*

Cumulative birth rates across all cycles % (95% CI)

Conservative estimate %
(95% CI)**

Optimal estimate %
(95% CI)***

1 397 35 9% (6-12) 9% (6-12) 9% (6-12)

2 310 51 16% (12-21) 22% (18-26) 24% (20-28)

3 219 40 18% (13-23) 32% (27-36) 38% (33-43)

4 140 25 18% (11-24) 38% (33-43) 49% (43-55)

5 88 13 15% (7-22) 41% (37-46) 56% (50-63)

Women with single ovary

1 36 4 11% (1-21) 11% (1-21) 11% (1-21)

2 28 4 14% (1-27) 22% (9-36) 24% (9-38)

3 22 6 27% (9-46) 39% (23-55) 45% (23-62)

4 9 0 ----- 39% (23-55) 45% (22-67)

5 8 1 13% (-10-35) 42% (26-58) 52% (28-75)

Women with double ovary

1 361 31 9% (6-12) 9% (6-12) 9% (6-12)

2 282 47 17% (12-21) 22% (17-26) 24% (19-28)

3 197 34 17% (12-23) 31% (26-36) 37% (32-42)

4 131 25 19% (12-26) 38% (33-43) 49% (43-55)

5 80 12 15% (7-23) 41% (36-46) 57% (50-63)

TABLE 4: Live and cumulative birth rates across all cycles for 397 women undergoing IVF
* Values are representing live birth rate in each cycle

** Conservative estimate of the cumulative live birth rate

*** Optimal estimate of the cumulative live birth rate in three groups: all sample, single ovary, and double ovary.  Luke et al. and Major Greenwood
formulas were used to estimate the rates, see appendix [14-15].
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FIGURE 1: Comparison of total number of pregnancies vs. live birth
across all cycles
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FIGURE 2: Live birth, conservative, and optimal birth rates in women
with single vs. double ovary and all women

Discussion
Assisted reproductive technology (ART) has become the predominant treatment for infertility, leading to an
increase in the number of infants born in most developed countries over the past 30 years. Many measures
are used to express the effectiveness of ART, including LBR, defined as the live birth of a baby over 500 g or
over 22 weeks of gestation if birth weight is unknown (deliveries of multiple pregnancies count as one live
birth) [1]. Our study concentrates on the LBR after each cycle of treatment.

Both pregnancy rates and live birth rates are used to predict the success of ART, yet they differ based on
many factors and do not directly correlate. Several studies explore these rates separately and identify
possible factors such as age, embryo transfer duration, and number of oocytes [17]. In 2017, the Centers for
Disease Control and Prevention (CDC), reported an LBR that ranged from 4.2% to 54.4% based on oocyte
retrieval and an LBR that ranged from 11% to 48.5% based on embryo transfer [12]. Lind et al. found reduced
LBR in women with a single ovary accounted for 18.6% compared with 25.4% in the double ovary group in
the first cycle [10]. In our study, the LBR was higher in the single ovary group (11%) for the first cycle
compared with the double ovary group (9%). A local study estimated the overall pregnancy rate as 35.1% (949
pregnancies) [18]. Here we found 286 pregnancies over 18 years and the highest number reached was 88
pregnancies in the first cycle.
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In our comparison of women with one and two ovaries, the highest pregnancy rate occurred in different
cycles in the two groups. However, the cycle-specific rates showed similar live birth rates among both single
and double ovary women. Concordantly, a previous study also supports the argument that single ovary
women have the same chances to conceive as a woman with two ovaries [19]. Similarly proven, another study
underlined that the dose of HMG required, number of follicles seen upon ultrasound examination, number of
obtained oocytes, number of embryos transferred, and pregnancy rates were not statistically different
between both groups of women. Nevertheless, double ovary women tend to have more follicles aspirated
during laparoscopy [20].

Our results demonstrated that the average age of women seeking ART was 32 ± 5 years, which is in
accordance with findings reported by studies performed locally and internationally [18,21]. They were
divided into primary infertility (59%) and secondary infertility (41%), which are also consistent with two
other studies that show a higher prevalence of primary infertility [18,22]. The highest incidence of female
comorbidities was hypothyroidism (17%), followed by hyperprolactinemia (8%). According to the literature,
an early miscarriage can be caused by a decrease in thyroxin levels, and a retrospective cohort study showed
non-significant differences in the CLBR between women treated for hyperprolactinemia and control groups
[21,23]. These two findings highlight the importance of pre-cycle treatment. On the other hand, the most
common male comorbidities were spermatic and testicular-related disease (19% and 14%). A single-center
control study compared the prevalence of comorbidities between infertile and fertile men, revealing a
significantly higher percentage in the infertile men, particularly hypertension (17.8% vs. 7.1%) [24]. A similar
pattern was observed in this study (6% vs. 4%).

Female-associated factors accounted for 48% of the infertility causes; the most common cause was motility
(44%), followed by tubular factors (27%), which was previously reported to be the second most common
factor in female infertility [25]. Male-associated factor infertility was the most common indication for ART,
accounting for 52% of the causes. This is consistent with what has been found in previous studies [18,26].
Semen quality is a measure of male infertility; therefore, up to 90% of infertility cases are due to sperm
abnormalities, which could stem from testicular factors [27-28]. Cases with male-associated infertility factors
were grouped into two categories: spermatic diseases (19%) and testicular diseases (14%). Women with
male-associated infertility factors had the highest pregnancy rate using in vitro fertilization [29].

Limitations
This is a single center study and the generalizability of the results are restricted. However, the research
provides insight into the less studied comparison of birth rates among single and double ovary women. King
Abdulaziz Medical City is one of the busiest IVF centers in Saudi Arabia and receives patients from all over
the country, and many patients have been lost in the final analysis due to loss of follow-up. The results of
this study hold importance in the context of Saudi population. All of the estimates in this study were
reported based on the number of ovaries. The different causes for infertility were not considered in the
calculation of estimates as it was outside of the scope of the present study. Also, all of the patients were
undergoing ART, therefore, the probability of getting pregnant irrespective of the cause of infertility was
assumed to be the same for all patients. Future studies that include multiple centers in more than one region
of Saudi Arabia are recommended, which will be a better reflection on current practice.

Conclusions
In conclusion, the outcomes of ART varied between studied groups and different factors contributed to the
outcomes. Live birth rates were lower in single ovary women. The average across five cycles in the single and
double ovary groups were estimated as 13% and 15%, respectively, with higher numbers of live births
recorded among those with two ovaries. There was no statistical difference in live birth rate between single
and double ovary women. The difference between pregnancy and live birth numbers was drastic in the first
cycle. We recommend optimizing the quality of care by increasing patient education as well as thorough
observation, and regular follow-ups through the cycle and pregnancy period to prevent unfortunate events.
Further studies to explore the drop in live birth rate among single ovary women are highly recommended.

Appendices
Supplementary file
The linking of women to each cycle was done based on the information available for each patient in their
medical record files. Irrespective of the number of cycles the women had, each cycle information was
extracted after checking the MRN number and counterchecking it with the date of birth and husband's name
to make sure the cycles were linked with the corresponding patients. In cases where there were
discrepancies, all the files were physically checked as hard copies

The estimation of the birth rate was done using the following formulas:

A.   Conditional Live Birth Rate (pi) = Number of live births / Number of women
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                                               = LBi / Ni

                                    SE(pi)  = [pi * (1-pi) / Ni]½  

Where LBi refers to births ending in viable babies (>22 weeks of gestation), Ni is number of all eligible
women for the corresponding cycle, and SE is the standard error.

 

B.    Conservative cumulative live birth rate (CCLi) = Cumulative live births / Number of women at 1st cycle 

                                                                        = [ ∑j=1,i LBj ] / Ni

                                                             SE(CCLi) = [CCLi *(1 - CCLi) / N1]½

Where Ni is the number of women who had live birth from the 1st cycle to cycle i, LB is the live births, and
SE is the standard error.

 

C.    Optimal cumulative livebirth rate (OCLi) = OCLi-1 + pi *(1 - OCLi-1) 

                                                                   (Product limit estimate)

                                                   SE(OCLi) = (1 - OCLi) * [∑j=1,i pj / (Nj - LBj)]½ 

                                                                   (Greenwood’s formula)

Where OCLi was based on the product limit estimate also known as the Kaplan-Meier estimator.
Greenwoods’s formula was used to put the SE (standard error) on the Kaplan Meier estimator [14-15].
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