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Abstract
Background: This study assessed the relationship between endometrial thickness on
day of human chorionic gonadotropin (hCG) administration and in vitro fertilization-
intracytoplasmic sperm injection (IVF-ICSI).

Materials and Methods: This prospective cross-sectional study included a total of 593
women. Patients were treated with either the agonist or antagonist protocol according to the
clinician’s and patient’s preference. Endometrial thickness on the hCG day was measured
by transvaginal ultrasonography (TV-USG). Patients were divided into four groups accord-
ing to endometrial lines, as follows: <7 mm (group 1), 7-10 mm (group 2), 10-14 mm
(group 3), and >14 mm (group 4).

Results: Implantation rate (IR), clinical pregnancy rate (CPR), and ongoing pregnancy
rate (OPR) were significantly lower in group 1 than the other three groups (p<0.05).
However, there was no significant difference among groups 2, 3 and 4. Although the
endometrial line in the agonist protocol was higher than in the antagonist protocol, the
difference was not statistically significant.

Conclusion: The chance of pregnancy appears to be lower in individuals with endome-

trial thickness less than 7 mm compared with those of higher value.
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Introduction

In vitro fertilization-intracytoplasmic sperm in-
jection (IVF-ICSI) has been frequently performed
world wide for more than two decades and many
factors contribute to treatment success. Implantation
is necessary for a successful pregnancy and endome-
trial receptivity is an important component (1). En-
dometrial thickness has been accepted as an indica-
tor for endometrial receptivity and assessment of the
endometrium by transvaginal ultrasonography (TV-
USQG) is very popular. Although endometrial recep-
tivity is important in achieving a clinical pregnancy
the studies that have intended to prove the relation-
ship between endometrial thickness and IVF-ICSI

outcome have shown conflicting results. Some
authors have reported no association between en-
dometrial thickness and pregnancy (2, 3). Some
studies have shown a significant relationship be-
tween pregnancy rates and endometrial thickness
(4-6), while others have reported controversial
results (7, 8). In addition, there is no consensus
about the cut-off value of the endometrial line that
predicts treatment outcome. It would be useful to
have an endometrial line cut-off value to predict
the success of the IVF-ICSI treatment. The aim
of this study is to assess the association between
endometrial thickness on the human chorionic
gonadotropin (hCG) day and IVF-ICSI outcome.
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Materials and Methods

This was a prospective cross-sectional study. The
study protocol was reviewed and approved by the Ethi-
cal Committee of Medical Faculty of Bozok Univer-
sity. Patients provided informed consent to participate.
We used two protocols, agonist (n=135) or antagonist
(n=458) as previously described (3, 9). These proto-
cols were administered according to the clinician’s
choice and the patient’s preference. Endometrial line
was measured by TV- USG in the midsagittal plane on
the hCG day. All women were divided into four groups
according to endometrial thickness. In group 1 (n=14)
the endometrial line was <7 mm. In group 2 (n=177)
the endometrial thickness was between 7 mm and 10
mm. In group 3 (n=366) the endometrial line was be-
tween 10 mm and 14 mm and in group 4 (n=36), the
endometrial thickness was more than 14 mm.

Follicular development was monitored and dose
adjusment performed according to the E, level and ul-
trasonographic measurements. The endometrial thick-
ness was measured by the same clinician utilizing TV-
USG. When 1 or 2 follicles reached 17 mm in size,
hCG (Pregnyl® 5000 TUx2, Schering-Plough, USA)
was administered for final maturation. TV- USG-
guided needle aspiration of the follicular fluid was car-
ried out 35 to 36 hours after hCG administration. ICSI
was performed in all cases. Cleavage stage embryos
were transferred into the uterine cavity on day 3 or
5. A maximum of two embryos were transferred un-
der transabdominal ultrasound guidance. Luteal phase
was supported by administering transvaginal proges-
terone (Crinone 8% Vaginal Gel®, Merck-Serono,
Switzerland) on the oocyte pick-up day and continued
for 12 days (until the serum pregnancy test). Clinical
pregnancy was confirmed by the presence of a fetal
sac or fetal cardiac activity at ultrasound examination
two weeks after the pregnancy test.

Statistical analyses were performed using the Statis-
tical Package for the Social Sciences (version 17.00,
SPSS Inc., Chicago, IL). Data normality was assessed
with the Kolmogorov-Smirnov test. Data were com-
pared by nonparametric analysis and statistical sig-
nificance was determined by the Kruskal-Wallis test.
Statistical comparisons between groups were per-
formed using the Mann-Whitney U and chi square
tests. A p value <0.05 was considered significant.

Results

Patient characteristics such as basal hormone
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levels, duration of infertility, body mass index
(BMI), antral follicle count (AFC) and age were
analyzed. The groups were homogeneous in
terms of these parameters. We excluded cases in
which testicular sperm extraction (TESE) pro-
cedures were performed. Also patients, whose
BMI was >30, were excluded. All patients un-
derwent standard IVF-ICSI procedures. One cy-
cle was used for each patient.

A total of 593 women whose ages ranged
from 20 to 39 years were included in the anal-
ysis. The patient characteristics are shown in
table 1. Patients’ age, duration of infertility,
basal FSH levels, basal E, levels, BMI, and
AFC were compared but the differences were
not statistically significant. The endometrial
thickness ranged from 6.1 mm to 21.4 mm. Al-
though no threshold was observed above which
a pregnancy was unlikely to occur, clinical
pregnancy rate (CPR) was significantly lower
in cases with an endometrial thickness below 7
mm (Fig 1).
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Fig 1: Clinical pregnancy rates according to the endome-
trial line. EL; endometrial line.

Retrieved oocyte number, transferred embryo
number, and the fertilization, cleavage, and im-
plantation rates (IR) were similar in all four groups.
Implantation rate, CPR, and ongoing pregnancy
rate (OPR) were significantly lower in group 1
than the other three groups (p<0.05). However,
there was no significant difference among groups
2, 3 and 4 (Table 2). Endometrial thickness was
lower in patients who underwent the antagonist
protocol compared to the agonist protocol, how-
ever this difference was not statistically significant
(Table 3).



Endometrial Line and IVF-ICSI Outcome

Table 1: Distribution of patients’ characteristics

Group 1 (N=14) Group 2 (N=177) Group 3 (N=366) Group 4 (N=36) P value
Age (Y) 27+45 25.6+3.9 273+48 28.6+5.7 Ns
DI (Y) 57+1.1 6.7+1.3 59+14 49+1.1 Ns
Bas. FSH (IU/) 8.7+2.1 74+1.8 7.7+1.5 7.0+ 1.1 Ns
Bas. E, (pg/ml) 47+ 10.5 44+£9.7 41+8.5 50.7+12.5 Ns
AFC 9.0+52 7.9+4.7 69+43 8.0+33 Ns
BMI (kg/m?) 248+4.9 264+54 284+5.5 252+6.1 Ns

Ns; Nonsignificant, DI; Duration of infertility, Bas. FSH; Basal FSH, Bas. E ; Basal E , AFC; Antral follicle count and BMI;
Body mass index.

Group 1; Endometrial line <7 mm, Group 2; Endometrial line 7-10 mm, Group 3; Endometrial line 10-14 mm and Group 4;
Endometrial line >14 mm.

Table 2: Comparison of IVF-ICSI outcomes according to endometrial thickness on hCG day
Group 1 (N=14) Group 2 (N=177) Group 3 (N=366) Group 4 (N=36)

RON 10.1+6.6 94458 10.8+7.3 11.4+7.6
TON 13+0.5 13+ 0.6 12403 1.4+0.6

FR (%) 64.5 (91/141) 65.6 (1105/1685) 68.2 (2541/3724) 68.0 (273/398)
CR (%) 60.2 (85/141) 63.0 (1063/1685) 64.0 (2384/3724) 61.0 (243/398)
IR (%) 11.1 (2/18)* 20.9 (82/391)* 24.3 (188/771)* 24.4 (19/78)*
CPR (%) 14.3 (2/14)* 45.7 (81/177)* 48.6 (178/366)* 472 (17/36)*
OPR (%) 7.1 (1/14) * 35.5 (63/177)* 43.9 (161/366)* 417 (15/36)*

RON; Retrieved oocyte number, TEN; Transferred oocyte number, FR; Fertilization rate, CR; Cleavage rate, IR; Implantation
rate, CPR; Clinical pregnancy rate and OPR; Ongoing pregnancy rate.

Group 1; Endometrial line <7 mm,Group 2; Endometrial line 7-10 mm, Group 3; Endometrial line 10-14 mm and Group;
Endometrial line >14 mm.

Values are mean = SD and *; P<0.05.

Table 3: Distribution of endometrial thickness according to stimulation protocol

Group 1 Group 2 Group 3 Group 4
N (%) EL (mm) N (%) EL (mm) N (%) EL (mm) N (%) EL (mm)
AP 0 - 38 (21.5) 93+12% 86(23.5) 13.1+1.6% 11(30.5) 174+£2.1
AnP 14 (100) 6.5+0.6 139(78.5) 7.8+0.9% 280(76.5) 11.2+1.1° 25(69.5) 163+1.8

Thickness is presented as mean + SD. EL; Endometrial line, n; Number of patients, AP; Agonist protocol and AnP; Antagonist
protocol.
“bs P<0.05 .

of hCG injection and CPR (6). On the other hand, Bassil
assessed the endometrial features by TV-USG and
claimed that endometrial measurements do not provide
significant prognostic information with regards to the

Discussion

Although measurement of endometrial thickness is
commonly utilized in clinical practice during assisted
reproduction treatment, there are conflicting results re-

garding the association between endometrial line and
IVF-ICSI outcome. Al-Ghamdi et al. have analyzed
2464 cycles and reported a positive linear relationship
between the endometrial thickness measured on the day

outcome of IVF (8).

In this prospective cross-sectional study, the relation-
ship between endometrial line and IVF-ICSI outcome
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was studied. Our study showed a positive correlation be-
tween endometrial thickness and CPR. To our knowledge,
this study has agreed with previous studies (5, 10, 11).
There is no concensus about the minimum endometrial
thickness required for a successful pregnancy. Oliveira
et al. have reported that there was no clinical pregnancy
when the endometrial line was less than 7 mm (12). On
the other hand, successful pregnancies have been report-
ed with endometrial lines less than 7 mm (13, 14).

There were only two clinical pregnancies (14.3%) in
the current study that had an endometrial line less than 7
mm, of which one was lost. In our study the thinnest en-
dometrial stripe was 6.1 mm. When CPR was compared
with each millimeter of the endometrial line we found
that the pregnancy rates decreased below the 7 mm
thickness level. CPR was significantly lower in group
1 than the other groups. However, the difference among
groups 2, 3, and 4 were not statistically significant. Chen
reported that CPR was 23.0% (12/52) in patients whose
endometrial line was below 7 mm (15). These values
were higher than our results. Therefore, we should per-
form IVF-ICSI in these patients.

Implantation is necessary for a successful pregnancy
and requires a healthy endometrial receptivity (16). We
have noted IRs of 11.1% (group 1), 20.9% (group 2),
24.3% (group 3), and 24.4% (group 4), which was sta-
tistically significant. These findings were consistent with
CPR results. OPR was assessed and found to be 7.1%
(group 1), 35.5% (group 2), 43.9% (group 3), and 41.7%
(group 4), which was statistically significant.

In light of these data, the measurement of endometrial
thickness on the day of hCG administration remains im-
portant. Several studies have reported that CPR increas-
es as endometrial thickness increases (6, 10). Our re-
sults, to a point, were consistent with these studies. CPR
and OPR increased as the endometrial line increased,
however when the endometrial line was more than 14
mm there was no increase in pregnancy rate. These dif-
ferences were not statistically significant. Endometrial
thickness was compared according to the utilized pro-
tocol. The endometrial lining tended to be lower in the
antagonist protocol compared to the agonist protocol,
however this difference was not statistically significant.

Conclusion

We have researched the association between endome-
trial thickness and IVF-ICSI outcome. Our results indi-
cate that close monitoring of the endometrial line during
IVF-ICSI treatment is recommended. Eventhough there
is a lack of agreement with regards to the minimum en-
dometrial thickness required for a successful pregnancy,
our results suggest that CPR will be low when the endo-
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metrial thickness is less than 7 mm. However, large pro-
spective and randomized trials are required to assess the
predictive value of endometrial thickness measurement.

Acknowledgments

The authors have no financial support and con-
flict of interest in this article.

References

1. Wang H, Dey SK. Roadmap to embryo implantation: clues from
mouse models. Nat Rev Genet. 2006; 7(3): 185-199.

2. De Geyter C, Schmitter M, De Geyter M, Nieschlag E, Holzgreve
W, Schneider HP. Prospective evaluation of the ultrasound ap-
pearance of the endometrium in a cohort of 1186 infertile women.
Fertil Steril. 2000; 73(1): 106-113.

3. Dietterich C, Check JH, Choe JK, Nazari A, Lurie D. Increased
endometrial thickness on the day of human chorionic gonadotro-
pin injection does not adversely affect pregnancy or implantation
rates following in vitro fertilization-embryo transfer. Fertil Steril.
2002; 77(4): 781-786.

4, Rinaldi L, Lisi F, Floccari A, Lisi R, Pepe G, Fishel S. Endometrial
thickness as a predictor of pregnancy after in-vitro fertilization but
not after intracytoplasmic sperm injection. Hum Reprod. 1996;
11(7): 1538-1541.

5. Kovacs P, Matyas S, Boda K, Kaali SG. The effect of endome-
trial thickness on IVF/ICSI outcome. Hum Reprod. 2003; 18(11):
2337-2341.

6. Al-Ghamdi A, Coskun S, Al-Hassan S, Al-Rejjal R, and Awartani
K. The correlation between endometrial thickness and outcome
of in vitro fertilization and embryo transfer (IVF-ET) outcome. Re-
prod Biol Endocrinol. 2008; 6: 37.

7. Weissman A, Gotlieb L, Casper RF. The detrimental effect of in-
creased endometrial thickness on implantation and pregnancy
rates and outcome in an in vitro fertilization program. Fertil Steril.
1999; 71(1): 147-149.

8.  Bassil S. Changes in endometrial thickness, length and pattern in
predicting pregnancy outcome during ovarian stimulation in in vit-
ro fertilization. Ultrasound Obstet Gynecol. 2001; 18(3): 258-263.

9.  Kara M, Kutlu T, Sofuoglu K. Highly-purified, urinary follicle-stimu-
lating hormone (r-FSH vs. HP-uFSH) in the polycystic ovary syn-
drom patients who had antagonist cycle with in vitro fertilization-
embryo transfer. Turk Klin J Med Sci. 2011; 31(4): 775-779.

10. Richter KS, Bugge KR, Bromer JG, Levy MJ. Relationship be-
tween endometrial thickness and embryo implantation, based on
1294 cycles of in vitro fertilization with transfer of two blastocyst-
stage embryos. Fertil Steril. 2007; 87(1): 53-59.

11. Zhang X, Chen CH, Confino E, Barnes R, Milad M, Kazer RR.
Increased endometrial thickness is associated with improved
treatment outcome for selected patients undergoing in vitro fertili-
zation-embryo transfer. Fertil Steril. 2005; 83(2): 336-340.

12. Oliveira JBA, Baruffi RL, Mauri AL, Petersen CG, Borges MC,
Franco JG jr. Endometrial ultrasonography as a predictor of preg-
nancy in an in-vitro fertilization programme after ovarian stimula-
tion and gonadotrophin releasing hormone and gonadotrophins.
Hum Reprod. 1997; 12(11): 2515-2518.

13. Coulam CB, Bustillo M, Soenksen DM, Britten S. Ultrasono-
graphic predictors of implantation after assisted reproduction.
Fertil Steril. 1994; 62(5): 1004-1010.

14.  Sundstrém P. Establishment of a successful pregnancy following
in-vitro fertilization with an endometrial thickness of on more than
4 mm. Hum Reprod. 1998; 13(6): 1550-1552.

15.  Chen SL, Wu FR, Luo C, Chen X, Shi XY, Zheng HY, et al. Com-
bined analysis of endometrial thickness and pattern in predicting
outcome of in vitro fertilization and embryo transfer: a retrospec-
tive cohort study. Reprod Biol Endocrinol. 2010; 8: 30.

16. Dekel N, Gnainsky Y, Granot I, Mor G. Inflammation and implan-
tation. Am J Reprod Immunol. 2010; 63(1): 17-21.




