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ORIGINAL ARTICLE

The impact of unicornuate uterus on perinatal outcomes after IVF/ICSI
cycles: a matched retrospective cohort study

Xinxia Chena,b,c,d�, Peihao Liua,b,c�, Yan Shenga,b,c, Weiping Lie, Rong Tanga,b,c, Lingling Dinga,b,c,
Yingying Qina,b,c and Zi-Jiang Chena,b,c,e

aCenter for Reproductive Medicine, Shandong University Shandong Provincial Hospital, Jinan, China; bNational Research Center for
Assisted Reproductive Technology and Reproductive Genetics, Jinan, China; cKey Laboratory for Reproductive Endocrinology of
Ministry of Education, Jinan, China; dSchool of Nursing, Shandong University, Jinan, China; eRenji Hospital, Shanghai Jiao Tong
University School of Medicine, Shanghai, China

ABSTRACT
Objective: To evaluate the impact of unicornuate uterus on perinatal outcomes after in vitro
fertilization and/or intracytoplasmic sperm injection (IVF/ICSI) cycles.
Methods: We performed a retrospective cohort study including 160 women with unicornuate ute-
rus and 1:1 matched controls with normally shaped uterus. They received IVF/ICSI treatment during
January 2009 and December 2011. The perinatal outcomes were followed up till December 2014.
Results: There were no significant differences in pregnancy rate, clinical pregnancy rate or live
birth rate (53.6 versus 52.7, 41.4 versus 43.5, 33.8% versus 31.8%) between unicornuate uterus
group and controls. Their biochemical pregnancy rate (22.8 versus 17.5%) and miscarriage rate
(16.0 versus 18.8%) were similar. No significant differences were identified in preterm birth rate
(18.3 versus 11.8%), birthweight (3.24±0.60 versus 3.33±0.54 kg) or birth length (50.47 ±2.33
versus 50.06±2.40 cm) among the singletons. However, lower gestational age (35.56±2.68
versus 36.71±1.73, p¼ .019), higher preterm birth rate (55.0 versus 34.4%, p¼ .038), lower birth-
weight (2.33 ±0.58 versus 2.69 ±0.38 kg, p¼ .001), lower birth length (45.33±2.46 versus
48.88±2.06 cm, p¼ .000), as well as higher rate of very low birthweight (13.2% versus 0,
p¼ .007) were found for the twins from unicornuate uterus group.
Conclusions: The results indicated unimpaired pregnancy and perinatal outcomes for women
with unicornuate uterus conceiving one fetus. However, close attention should be paid to twin
pregnancy in unicornuate uterus owing to increased risks of prematurity and low birthweight.
Selected single embryo transfer is recommended for women with unicornuate uterus
undergoing IVF/ICSI cycles.

ARTICLE HISTORY
Received 3 January 2018
Accepted 5 February 2018

KEYWORDS
Unicornuate uterus;
perinatal outcome; twin
delivery; singleton; IVF/ICSI

Brief rationale

Most data associating unicornuate uterus with adverse
obstetric complications came from natural conception
in small patient numbers or including only specific
cases. The lately published two comparative studies
discovered different profile in pregnancy loss pattern
in unicornuate uterus after IVF/ICSI treatment. This
retrospective cohort study was performed to further
explore the impact of unicornuate uterus on perinatal
outcomes of singleton and twin deliveries after IVF/
ICSI cycles.

One hundred and sixty women with unicornuate
uterus and 1:1 matched controls were enrolled. The
miscarriage rate was nonsignificantly different between
the two groups. The gestational age at delivery,

birthweight, birth length and congenital anomaly rate
was also nonsignificantly different when singletons
and twins were analyzed together.

For singletons, there were no differences in preterm
birth rate, average birthweight, and congenital anom-
aly rate between groups. However, the twin neonates
from unicornuate uterus group were associated with
increased risk of preterm birth. Their average birth-
weight and birth length were significantly lower, while
the rate of very low birthweight was statistically
higher.

These findings indicated that with development of
only half uterine musculature, the gestational capacity
was jeopardized in unicornuate uterus. Though
pregnancy and perinatal outcomes were unimpaired
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for singletons, twin pregnancy may face more chal-
lenges, generally in the third trimester. Selected single
embryo transfer is recommended for women with uni-
cornuate uterus undergoing IVF/ICSI treatment.

Introduction

The development of female reproductive organ
involves a series of complex processes consisting of
formation, fusion, and resorption of Mullerian ducts.
Once any process is interrupted, Mullerian duct abnor-
malities (MDAs) ranging from agenesis to lateral and
vertical fusion defects may occur. The prevalence of
MDAs is estimated to be 4.3–6.7% in general popula-
tion [1]. Given that it is difficult to reconstitute the
uterus in most cases, MDAs are a problematic issue
confusing both patients and doctors. MDAs have been
reported to be associated with infertility, miscarriage,
preterm labor, malpresentation, and other maternal-
neonatal complications [2–5]. However, different
anomalies may result in different pregnancy and
neonatal outcomes.

Unicornuate uterus is derived from unilateral
Mullerian duct development, with the contralateral
duct not or partially developing [6]. It is divided into
two subclasses: a unicornuate uterus with a functional
rudimentary horn, either communicating or noncom-
municating; and a unicornuate uterus without
rudimentary cavity, characterized by nonfunctional
contralateral uterine horn or no horn [1]. The preva-
lence of unicornuate uterus is approximately
0.78–1.0% in infertile population [7,8], accounting for
5.0–20% of all MDAs [6,9].

There have been studies on increased incidence of
adverse obstetric complications in women with uni-
cornuate uterus [10–18]. However, most data came
from natural conception with small number of patients
or including only specific cases. Lately, two compara-
tive studies reported pregnancy outcomes after in vitro
fertilization and/or intracytoplasmic sperm injection
(IVF/ICSI) treatment [7,8]. One of them found increased
early pregnancy loss rate, while the other reported no
statistical differences in clinical pregnancy loss for uni-
cornuate uterus. Its impact on perinatal outcomes has
not been well elucidated [7,10]. The aim of this retro-
spective cohort study was to further explore the
impact of unicornuate uterus on perinatal outcomes of
singleton and twin deliveries after IVF/ICSI cycles.

Materials and methods

In this study, the process of all patients receiving IVF/
ICSI treatment in Center for Reproductive Medicine,

Shandong University between January 2009 and
December 2011 was reviewed. All participants were
aged less than 40 years old with 46, XX karyotype,
normal basal hormone level and regular menstruation.
Unicornuate uterus was diagnosed by transvaginal
ultrasound, hysterosalpingography, and hysteroscopy/
laparoscopy, as part of a systematic examination to
identify infertility cause. The matched controls were
randomly enrolled from infertile women with normally
shaped uterus undergoing IVF/ICSI cycles during the
same period.

The following matched criteria were used: age (± 1
year), body mass index (BMI), infertility type (primary
or secondary) and history of spontaneous abortion.
The exclusion criteria were as follows: oocyte donor
treatment cycles, abnormal uterine bleeding, endomet-
rial fibroids or polyps, intrauterine adhesion, premature
ovary insufficiency, polycystic ovary syndrome, and
consecutive spontaneous abortion history� three
times.

Written informed consent was obtained from each
participant. This study was approved by the Review
Board of Reproductive Medicine of Shandong
University.

Data collection

Demographic information, reproductive history, ovar-
ian reserve, and controlled ovarian hyperstimulation
(COH) protocols were collected. Perinatal outcomes
were followed up by telephone till Dec 2014.

Pregnancy was defined as serum b-hCG concentra-
tion �10 IU/l 14 days after embryo transfer. Clinical
pregnancy was diagnosed when gestational sac(s) was
observed by ultrasonography 4 weeks after embryo
transfer. Ifb-hCG dropped down before identifying ges-
tational sac(s), biochemical pregnancy was determined.
Ectopic pregnancy was defined as a pregnancy with
gestational sac(s) observed outside the uterine cavity.
Miscarriage was defined when a clinical pregnancy
failed to progress to 28 gestational weeks. Early mis-
carriage referred to miscarriages that occurred before
12þ6 gestational weeks while late miscarriage was a
miscarriage at 13 and 27þ6 gestational weeks. Total
pregnancy loss consisted of biochemical pregnancy
and miscarriage. Preterm birth was defined as the
delivery of an infant during 28 and 36þ6 gestational
weeks. Term delivery referred to childbirth after 37 but
before 42 weeks of gestation. A live birth referred to
the delivery of a live infant surviving more than 7 days
after week 28 of gestation. A stillbirth referred to the
delivery of a deceased infant after 28 weeks of
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gestation. Low birthweight was defined as a birth-
weight <2.5 kg and very low birthweight was <1.5 kg.

Pregnancy rate, clinical pregnancy rate, ectopic
pregnancy rate, live birth rate, preterm birth rate, cycle
cancelation rate, total pregnancy loss rate, biochemical
pregnancy rate, early and late miscarriage rate were
compared between the unicornuate uterus group and
controls. Birthweight, birth length, gestational age at
delivery, preterm birth rate, and congenital anomaly
rate of live infants was compared between the two
groups stratified by singletons and twins.

Statistical analysis

The data were analyzed by SPSS 20.0 (SPSS Inc,
Chicago, IL). Student’s t-test was used for continuous
variables. The chi-square test and Fisher’s exact test
were used to compare categorical variables. p< .05
was considered statistically significant.

Results

One hundred and sixty women with unicornuate ute-
rus undergoing 329 cycles of IVF/ICSI and 160 women
with normal uterus undergoing 390 cycles were
enrolled. 150 (93.8%) women had unicornuate uterus
without rudimentary cavity, 143 (89.4%) of whom had
isolated unicornuate uterus and the other seven (4.4%)
had unicornuate uterus with nonfunctional contralat-
eral uterine horn. The rest 10 women had rudimentary
cavity, all of whom had received horn resection before
IVF/ICSI cycles due to a history of rudimentary horn
pregnancy.

The clinical characteristics were comparable
between the two groups except for that the incidence
of prior ectopic pregnancy in women with unicornuate
uterus was higher than controls (18.1 versus 7.5%,
p¼ .004) (Table 1).

The main pregnancy outcomes were listed in Table
2. There were no significant differences in pregnancy
rate (53.6 versus 52.7%), clinical pregnancy rate (41.4
versus 43.5%), or live birth rate (33.8 versus 31.8%)
between the two groups (p> .05). The total pregnancy
loss rate in women with unicornuate uterus was non-
significantly different from controls (18.9 versus 17.4%,
p> .05). Neither biochemical pregnancy rate (22.8 ver-
sus 17.5%) nor miscarriage rate (16.0 versus 18.8%)
was significantly higher in unicornuate uterus group
(p> .05). No statistical differences were identified in
early or late miscarriage rate between the two groups
(10.4 versus 5.6, 5.6 versus 3.1%, respectively, p> .05).
The rates of ectopic pregnancy (0.8 versus 3.1%), twin
delivery (19.6 versus 27.4%) and term birth (69.7 ver-
sus 78.5%) showed no significant differences (p> .05).
No stillbirth was recorded.

The perinatal outcomes were summarized in
Table 3. For singletons, no significant differences for
gestational ages at delivery (38.11 ± 1.90 versus
38.52 ± 1.94, p> .05), birthweight (3.24 ± 0.60 versus
3.33 ± 0.54 kg, p> .05) or birth length (50.47 ± 2.33 ver-
sus 50.06 ± 2.40 cm, p> .05) were observed between
the two groups. However, for twins in unicornuate ute-
rus group, higher preterm birth rate (55.0 versus 34.4%,
p¼ .038) was discovered, 81.8% (18/22) of whom were
delivered at 32–36þ6 gestational weeks. Besides, the
twins had lower average birthweight (2.33 ± 0.59 versus
2.69 ± 0.38 kg, p¼ .027), lower birth length (45.33 ± 2.58
versus 48.88 ± 2.09 cm, p¼ .003), as well as higher rate
of very low birthweight (13.2% versus 0, p¼ .007) com-
pared to those in the control group.

The rates of congenital anomaly for both twins and
singletons seemed higher in unicornuate uterus group

Table 2. Comparison of pregnancy outcomes between
women with unicornuate uterus and controls.

Unicornuate Control p value

Cycle cancelation rate 27/329 (8.2) 22/390 (5.6) .174
Pregnancy rate 162/302 (53.6) 194/368 (52.7) .811
Clinical pregnancy rate 125/302 (41.4) 160/368 (43.5) .587
Live birth rate 102/302 (33.8) 117/368 (31.8) .586
Total pregnancy loss rate 57/302 (18.9) 64/368 (17.4) .620
Biochemical pregnancy rate 37/162 (22.8) 34/194 (17.5) .211
Miscarriage rate 20/125 (16.0) 30/160 (18.8) .545

Early <12 GW 13/20 (65.0) 25/30 (83.3) .182
Late 12–27þ 6 GW 7/20 (35.0) 5/30 (16.7) .182

Ectopic pregnancy rate 1/125 (0.8) 5/160 (3.1) .235
Twin delivery rate 20/102 (19.6) 32/117 (27.4) .179
Term delivery rate 85/122 (69.7) 117/149 (78.5) .096

NS: not significant;
Values are number n (%).

Table 1. Clinical characteristic of women with unicornuate
uterus and controls.

Unicornuate Control p value

Cycles 329 390 –
Age (y) 30.3 ± 4.1 30.3 ± 4.1 .935
BMI (kg/m2) 22.6 ± 3.3 22.5 ± 3.0 .684
Primary infertility 84 (52.5) 83 (51.9) .911
History of spontaneous

abortion (once or twice)
16 (10.0) 19 (11.9) .591

Prior ectopic pregnancy 29 (18.1) 12 (7.5) .004
Indication for IVF/ICSI

Tubal factor 117 (73.1) 105 (65.6) .146
Male factor 43 (26.9) 46 (28.8) .708
Endometriosis 8 (5.0) 7 (4.4) .791
Combined female and male factors 10 (6.2) 4 (2.5) .101
Other 13 (9.1) 10 (6.2) .516

Antral follicle count 12.7 ± 5.4 12.9 ± 5.1 .774
Day 3 serum FSH (IU/ml) 6.7 ± 2.1 6.7 ± 1.6 .938
Day 3 serum LH (IU/ml) 4.8 ± 2.5 4.9 ± 2.6 .635
Endometrial thickness on HCG day (cm) 1.1 ± 0.1 1.1±.0.2 .933
Oocytes retrieved 11.7 ± 6.0 12.4 ± 5.6 .324
No. of good quality embryos 4.0 ± 2.4 4.0 ± 2.3 .904
Fresh embryo transfer 214 (70.9) 268 (72.8) .573

NS: not significant;
Values are number n (%) or mean ± SD.

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE 3



(5.0% versus 0, 2.4 versus 1.2%), but without statistical
significance (p> .05). Among the twins, a boy with
inguinal hernia was found in unicornuate uterus
group; no congenital defect was found in controls.
Among the singletons, a girl with knee valgus and a
boy with hydrocele in unicornuate uterus group were
found, and a girl with hemangioma at the left knee
joint was found in controls.

Discussion

The data in this study revealed that unicornuate uterus
had no obvious adverse effects on pregnancy and
perinatal outcomes for women with singletons after
IVF/ICSI cycles. However, twin delivery in unicornuate
uterus was associated with increased risk of prematur-
ity and low birthweight.

According to our results, the pregnancy rate
between women with unicornuate uterus and controls
showed no significant differences, which was consist-
ent with previous studies [7,8,19,20]. In addition, the
ectopic pregnancy rate (0.8%, 1/125) of women with
unicornuate uterus in this study was similar to the
incidence in general population [16]. This indicated
that unicornuate uterus may not interfere with
embryo implantation or compromise early embryo
development.

The miscarriage rate in unicornuate group was
16.0%, not higher than the controls. When stratified by
early and late miscarriage, there was still no significant
difference. Our results were in consistency with a
recent report, indicating no increase in clinical preg-
nancy loss rate for unicornuate uterus after ICSI treat-
ment [8]. In another cohort study, the late miscarriage
rate was similar between unicornuate uterus group
and controls whereas the early miscarriage rate was

significantly higher [7]. Venetis et al. [17] found an
increased risk of combined (first trimester, second tri-
mester, or both) but not separate first or second tri-
mester miscarriage for unicornuate uterus. Possible
explanation for the discrepancy among studies may be
inconsistent definitions and classifications of miscar-
riage, diagnostic techniques, as well as heterogeneity
of studied populations.

In this study, there were no significant differences
in preterm birth rate between the two groups; how-
ever, the gestational age at delivery in unicornuate
uterus was lower compared to controls. Li et al. [7]
found increased risks of preterm birth both before 37
and 32 gestational weeks for unicornuate uterus, while
a recent meta-analysis reported preterm birth risks
before gestation week 37, but not 28 [17]. Abnormal
blood flow, limited internal space, and cervical incom-
petency have been suggested to affect pregnancy
maintenance in unicornuate uterus [16,21]. Meanwhile,
unicornuate uterus may often be associated with ovary
or kidney agenesis, or vaginal anomalies [1]; any coex-
isting pathophysiologies may increase the risk for
adverse reproductive outcomes. Future studies with
details of the above issues and large sample sizes may
help explain the discrepancy.

To further pinpoint the effects of unicornuate ute-
rus on perinatal outcomes, our data stratified singleton
and twin neonates. For singletons, there were no dif-
ferences in preterm birth rate, average birthweight,
and rate of congenital anomalies between the two
groups. However, the twins’ average birthweight and
birth length were significantly lower. They were also
associated with a significant increase of preterm birth
and very low birthweight. The adverse impact of uni-
cornuate uterus on perinatal outcomes for twin deliv-
ery was corroborated by previous studies [7,22,23].

Table 3. Perinatal outcomes of twins and singletons between unicornuate uterus group and controls.
Singleton and twins Singletons Twins

Unicornuate
(n¼ 122)

Control
(n¼ 149) p value

Unicornuate
(n¼ 82)

Control
(n¼ 85) p value

Unicornuate
(n¼ 40)

Control
(n¼ 64) p value

GA at delivery 37.27 ± 2.49 37.74 ± 2.05 .097 38.11 ± 1.90 38.52 ± 1.94 .170 35.56 ± 2.68 36.71 ± 1.73 .019
<36þ6 weeks 37/122 (30.3) 32/149 (21.5) .096 15/82 (18.3) 10/85 (11.8) .237 22/40 (55.0) 22/64 (34.4) .038
<31þ6 weeks 6/122 (4.9) 4/149 (2.7) .353 2/82 (2.4) 2/85 (2.4) .971 4/40 (10.0) 2/64 (3.1) .201

Birth weighta, kg 2.95 ± 0.73
(1.1–4.7)

3.06 ± 0.57
(1.8–4.6)

.182 3.24 ± 0.60
(1.5–4.7)

3.33 ± 0.54
(1.5–4.6)

.304 2.33 ± 0.58
(1.1–3.3)

2.69 ± 0.38
(1.8–3.5)

.001

<2.5 kg 23/116 (19.8) 21/142 (14.8) .284 6/78 (7.7) 5/82 (6.1) .690 17/38 (44.7) 16/60 (26.7) .065
<1.5 kg 5/116 (4.3) 0/142 .018 0/78 0/82 � 5/38 (13.2) 0/60 .007

Birth length, cm 49.52 ± 3.08
(42–58)

49.62 ± 2.34
(38–55)

.825 50.47 ± 2.33
(45–58)

50.06 ± 2.40
(38–55)

.362 45.33 ± 2.46
(42–50)

48.88 ± 2.06
(45–54)

.000

Congenital
anomaly

3/122 (2.5) 1/149 (0.7) .330 2/82 (2.4) 1/85 (1.2) .616 1/40 (2.5) 0/32 .385

Values are number n (%) or mean ± SD (minimum to maximum).
NS: not significant; GA: gestational age.
aData of six neonates in unicornuate group and seven in controls were missed.
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This suggested that with development of only half
uterine musculature, the gestational capacity was jeop-
ardized in unicornuate uterus. Though most singletons
can be carried to term, twin pregnancy may face more
challenges, especially in the third trimester.

There have been reports that twin pregnancies in
unicornuate uterus were reduced to singletons for bet-
ter outcomes [24]. However, reduced singletons still
had an increased risk of adverse obstetric outcome
compared to primary singletons [25]. In addition, deci-
sions to reduce pregnancies are difficult or even
unacceptable for patients, especially infertile couples
[26]. Thus, elective single embryo transfer is recom-
mended for women with unicornuate uterus under-
going IVF/ICSI treatment.

Our study offered the following strengths. A relative
large sample size was enrolled. The comprehensive
database allowed us to analyze stratified perinatal out-
comes. The combined diagnostic procedures for
assessing uterus anomalies guaranteed that the par-
ticular subtype was accurately determined [27]. The
control group was strictly matched with the studied
patients to exclude confounding factors.

Some limitations also existed for this research. This
was a retrospective study. All patients were from one
IVF center. There might be a potential for selection
bias or incorrect reports regarding history data.
Besides, isolated unicornuate uterus constituted the
major proportion of our cohort, different from some of
the published data [10,11]. Further studies may be
warranted to investigate the perinatal outcomes of
each unicornuate uterus subgroup. Meanwhile, pro-
spective research with large sample size is necessary
to verify the adverse outcomes for twin delivery identi-
fied in this study.

In conclusion, the presence of unicornuate uterus
was not associated with adverse pregnancy or peri-
natal outcomes for women conceiving one fetus.
However, unicornuate uterus increases risks of preterm
birth and low birthweight for twin deliveries. Selected
single embryo transfer should be considered optimal
for women with unicornuate uterus undergoing IVF/
ICSI treatment.
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