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Introduction
Measurement of serum human chorionic gonadotropin (HCG) 
concentration is a standard method to detect pregnancies after 
in vitro fertilization (IVF). Radio immune assay or for HCG 
targeting the specific beta subunit of HCG dimer was established 
more than 30 years ago [1,2]. Today, more advanced assay 
methods are widely used in many medical institutes. While 
transvaginal ultrasound can detect pregnancies later than 4-5 
weeks of gestation, measurement of serum HCG can detect them 
at later than 3 weeks of gestation because the HCG production 
from trophoblasts starts just after implantation [3]. 

Many studies reported that measurement of serum HCG or 
βHCG on a specific date after oocyte retrieval or embryo transfer 
is useful to differentiate normally progressing pregnancies from 
the abnormal course, and the measurement is useful to predict 
the clinical pregnancy outcomes [4-7]. For example, the serum 
HCG level is lower in ectopic pregnancies and miscarriages 
than in normal proceeding pregnancies, [4-7] and is higher in 
multiple pregnancies than in singleton pregnancies [8-9]. It 
is known that pregnancies achieved by IVF yield a relatively 
higher risk rate of miscarriages in the early pregnancy stage, 
ectopic pregnancies and multiple pregnancies than those 
achieved naturally [10]. The measurement of serum HCG in a 

pregnancy stage is beneficial for patients who underwent IVF 
for the early detection of these complications.

From previous studies, we know several factors that are possibly 
related to the serum HCG level after IVF. Several studies report 
that female age, [11] male infertility factor, [12] insemination 
method, [12] transferred embryos’ developmental stage, [13,14] 
and transferred embryo’s condition of frozen-thawed or fresh 
[15] are related to the serum HCG level. However, these 
opinions are not confirmed yet.

This study is intended to analyze how the prognostic value of the 
serum HCG concentration is altered in only 3 days difference in 
gestation 4 weeks after oocyte retrieval day in a single institute 
study with a retrospective method. The purpose of this research 
is to indicate that several days’ earlier judgment of pregnancy 
after IVF can help to know the pregnancy prognoses with a 
measurement of serum HCG levels. 

Method
This study was approved by the local ethics committee of Tsukuba 
Gakuen Hospital. Subjects were patients who underwent IVF 
at Tsukuba Gakuen Hospital from January 2010 to December 
2013. All patients provided written informed consents with 
guarantees of confidentiality before starting the treatment. We 
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excluded patients who were diagnosed as ectopic pregnancies 
or multiple pregnancies in extracted samples. Additionally, we 
excluded patients who were injected with external HCG after 
oocyte retrieval for the purpose of luteal support. 

Serum HCG measurement was performed on day 16 after 
oocyte retrieval in 67 patients (D16) and on day 19 in 74 
patients (D19). Patients visited our hospital between day 16 and 
day 19 after oocyte retrieval for pregnancy judgment randomly. 
Because the sampling numbers of day 17 and day 18 were small 
as less than 50 cases, we chose day 16 and day 19 groups for the 
object of this study. Pregnancy was indicated by a serum HCG 
level of ≥5 IU/ L. Serum HCG concentrations were measured 
using enzyme immunoassay (E test “TOSOH” II , TOSOH 
Corporation, Tokyo). 

IVF protocols include methods described in the previous 
studies [16-19]. Pituitary down-regulation was performed with 
a gonadotropin-releasing hormone (GnRH) agonist nasal spray 
900 μg in a day from a mid-luteal phase of the previous cycle 
(long protocol), the same dose of GnRH agonist on day 2-4 of the 
ovarian stimulation cycle (short protocol) or GnRH antagonist 
protocol. GnRH antagonist was started when a leading follicle 
reached 14 mm (flexible protocol) or the sixth day of FSH 
injection (fixed protocol). Controlled ovarian stimulation was 
achieved with human menopausal gonadotropins (HMG), 
recombinant FSH (rFSH) or clomiphene citrate on day 2 to 4 
of the cycle. The response to stimulation was monitored with 
a transvaginal ultrasound. When the size of a leading follicle 
reached the diameter of at least 18 mm, 10000 IU of HCG was 
injected. We trans-vaginally aspirated the follicles 33 hours 
after HCG injection.

Fertilization was performed by conventional IVF (cIVF), 
intracytoplasmic sperm injection (ICSI) with ejaculated 
spermatozoa (cICSI) or ICSI with testicular spermatozoa (TESE-
ICSI). Embryo transfer (ET) of fresh embryos took place at 2 to 
6 days after oocyte retrieval. For a luteal support, intramuscular 
progesterone injection 50 mg/day, or trans-vaginal progesterone 
400 mg/day were used at least until the day of pregnancy 
judgment. Frozen-thawed ETs were performed in controlled 
cycles with external ovarian steroid hormone. Patients were 
given GnRH agonist nasal spray 900 μg/day starting in a mid-
luteal phase of the preceding cycle. They were administered 
transdermal 17β-estradiol 2.16 mg/48 hours more than 2 weeks 
from the second day of menstruation in the ET cycle. 

After an adequate endometrium proliferation was acquired, 
GnRH agonist was stopped and intramuscular progesterone 
injection or trans-vaginal progesterone was started at least until 
the day of pregnancy judgement after ET, and continued longer 
when the pregnancy was detected. 

All patients underwent ultrasound examination at 5 to 6 weeks of 
gestation. We categorized three groups of pregnancy prognoses. 
Biochemical pregnancy (BP) was defined when no gestational 
sac was detected after serum HCG positive. Miscarriage (MC) 
was defined as pregnancy terminated until 9 weeks gestation 
with or without of detection of fetal heart beats. Ongoing 
pregnancy (OP) was defined as cases continued ≥10 weeks with 
fetal heart beats. 

Statistical Analysis
SPSS ver. 21 and JMP11 for windows was used for statistical 
analysis. The serum HCG value was demonstrated as non-
normal distribution with Shapio-Wallis test. Since they were 
still shown as non-normal distribution after logarithmic 
conversion, they were proved to show strong non-normal 
distribution. Accordingly, the non-parametric method was 
adopted for statistical analysis. The Mann-Whitney U test was 
adopted for 2 groups’ comparison and Kruskal-Wallis H test for 
3 groups’ comparison. Since the age distribution of the patients 
was normal, Student’s t test was adopted. χ2-test was used to 
compare categorical values. A P-value of <0.05 was considered 
statistically significant.

Results
Table 1 shows baseline characteristics and prognoses in 
the D16 and D19 groups. Between these groups, significant 
differences were not shown by the average age of patients, 
numbers of embryo, insemination methods, stages of 
transferred embryos, presence of male infertility factor, fresh 
embryos or frozen embryos and pregnancy prognoses. Serum 
HCG values showed significant differences between D16 
group and D19 group. 

Table 2 shows serum HCG values in subgroups of expected 
confounding factors. Significant differences were not shown 
in HCG values related to patient ages, types of insemination, 
stages of embryo, male factors and fresh or frozen ET.

Table 1: Baseline characteristics and prognosis in the D16 and the 
D19 groups. Age is expressed as mean ± standard deviation, sHCG 
is expressed as median (interquartile range), while other data are 
expressed as frequency.

Parameters D16(n=67) D19(n=74) Total(n=141) P -value
Age(years) 34.7±4.6 35.2±4.3 34.9±4.4 a0.480
Numbers of Embrios
SET 56(45.5%) 67(54.5%) 123(100%)

b0.216
DET 11(61.1%) 7(38.9%) 18(100%)
Type of insemination
cIVF 38(48.1%) 41(51.9%) 79(100%)

b0.983cICSI 24(47.1%) 27(52.9%) 51(100%)
TESE-ICSI 5(45.5%) 6(54.5%) 11(100%)
Stage of embryos
Cleaved 6(42.9%) 8(57.1%) 14(100%)

b0.713
Blastcyst 31(48.0%) 66(52.0%) 127(100%)
Male factor
positive 34(51.5%) 32(48.5%) 66(100%)

b0.373
negative 33(44.0%) 42(56.0%) 75(100%)
Type of embryos
Fresh 9(64.3%) 5(35.7%) 14(100%)

b0.186
Frozen 58(45.7%) 69(54.3%) 127(100%)
Prognosis
BP 11(40.7%) 16(59.3%) 27(100%)

b0.428MC 14(42.5%) 23(57.5%) 40(100%)
OP 39(52.7%) 35(47.3%) 74(100%)

sHCG(mIU/ml) 328.8(148.7-
515.9)

1087.0(259.6-
1887.5)

489.5(152.9-
1176.4)

c0.000

a Student’s t test; b χ2 analysis; c Mann-Whitney U test
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Figure 1 shows a comparison of serum HCG levels among 
subgroups of different prognoses in the D16 and D19 group. In 
the D16 group, serum HCG values were significantly different 
between BP and MC and between MC and OP. In the D19 
group, serum HCG values were significantly different only 
between BP and MC.

Furthermore, we investigated the predictive value of 
pregnancy prognoses from serum HCG level in the D16 and 
the D19 group using ROC in Figure 2. AUCs between OP 
and other groups are 0.84158 in the D16 group and 0.80440 
in the D19 group. AUCs between BP and others groups are 
0.92370 in the D16 group and 0.97306 in the D19 group. All 
four AUCs were statistically significant. In the comparison 
of AUCs, the predictive value of OP was superior in the D16 
group to the D19 group.

Additionally, we calculated positive predictive values in 
respective cases with cut off values for optimal sensitivity and 
specificity (Table 3). The positive predictive value of OP in the 
D19 group was inferior to the value in the D16 group. 

Figure 2: ROC curve for Prediction of OP from other prognosis with D16 serum HCG （A） and with D19 serum (B). Area under curve for serum 
HCG values are 0.84158 and 0.80440 for D16 and D19 groups, respectively.

Figure 1: Comparison of serum HCG levels among subgroups of different prognosis in D16 and D19. Serum HCG is significantly different 
between BP and MC, MC and OP in D16 group and between BP and MC in D19 group. There was not a significant difference between MC and 
OP in D19 group. *p<0.01 with Mann-Whitney U test.

Table 2: HCG values in subgroups for confounding factors. Serum 
HSG is expressed as median (interquartile range).

n (%) sHCG(mIU/ml) P -value
Age
≦34 63(44.7%) 515.9(165.1-993.5)

b0.23535-39 58(41.1%) 619.5(182.3-1398.2)
40≦ 20(14.2%) 306.4(72.3-944.5)
Type of insemination
cIVF 79(56.0%) 517.9(131.7-1325.1)

b0.634cICSI 51(36.2%) 515.9(172.0-1146.2)
TESE-ICSI 11(7.8%) 433.7(36.3-1076.1%)
Stage of embryos
Cleaved 14(9.9%) 471.0(251.1-834.6%)

a0.473
Blastocyst 127(90.1%) 517.9(148.7-1258.7%)
Male factor
positive 75(53.2%) 453.2(148.7-1070.4%)

a0.281
negative 66(46.8%) 560.7(150.8-1422.7%)
Type of embryos
Fresh 14(9.9%) 470.1(334.9-616.8)

a0.420
Frozen 127(90.1%) 528.2(131.7-1289.6)
a Mann-Whitney U test ;b Kruskal-Wallis H test
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Discussion
This study indicated that the only 3 days difference in timing 
of pregnancy judgment produces the power of prediction of 
pregnancy prognoses. In day 16 judgment, the serum HCG level 
predicted the pregnancy prognoses BP, MC and OP, while in the 
day 19 judgment, the predictive power especially for distinguish 
OP from BP and MC was decreased. 

Similarly to this research, several studies reported that 
measurement of serum HCG on day 14 and day 20 after oocyte 
retrieval or the measurement on day 14 or day 21 showed 
excellent predictive power for pregnancy prognoses [16,17]. 
Another study reported that the measurement from day 11 to 
on day 21 after oocyte retrieval indicated excellent predictive 
power of prognoses, while the measurement on day 14 may 
balance the accuracy of prediction.18 In more recent large 
scale studies, day 15 or 17 after oocyte retrieval showed an 
excellent predictive value for pregnancy prognoses [6,7]. Our 
research is unique from the standpoint of providing evidence 
that the measurement of serum HCG on day 16 yields stronger 
predictive power than the measurement on day 19.

According to previous studies, some confounding factors 
possibly influence serum HCG levels. Patient aging possibly 
decreases serum HCG levels, [11] and an insemination 
method of ICSI or the presence of a male infertility factor may 
decrease the levels [12]. The developmental stage of embryos 
is a candidate of these factors because blastocyst transfer may 
increase the levels [13,14]. The condition of embryos is also 
a candidate because frozen-thawed ET may increase the level 
compared to fresh ET [15]. Therefore, we showed those factors 
have no obvious influence on the serum HCG level in this study 
with the analysis shown in Table 2.

This research proved that 3 days’ earlier pregnancy judgment 
at 4 weeks of gestation after oocyte retrieval produced a higher 
prognostic value in a relatively small number of patients. As this 
research was performed in a single institute and the serum HCG 
was measured with the same enzyme immune assay system in 
the same laboratory unit, we could eliminate the error caused 
by the difference in examination systems. In our study, as the 
number of cases is small and the design is retrospective study, 
the influence of confounding factors cannot be completely 
eliminated. In order to decrease a disadvantage of the data 
sampling procedure, large scale studies and multi-variant 
analysis are needed to confirm the validity of the result.

In this research, we considered biochemical pregnancy as one 
pregnancy prognoses. In natural pregnancy, embryo growth 
often stops just after implantation, so they are not usually 
regarded as miscarriages as one category of abnormal pregnancy 
[19]. However, arrests of embryo growth at early pregnancy 

stage before the confirmation of gestational sac are possibly a 
phenomenon similar to miscarriages. Accordingly, we thought 
it beneficial to analyze BP as one type of pregnancy prognoses.

It is important to inform patients of the prediction of pregnancy 
outcome in the early stage after IVF. While early judgment 
of pregnancy can decrease the load of meaningless treatment, 
patients reportedly have strong mental stress before pregnancy 
prognoses is determined [20]. It is useful for patients’ mental 
support if serum HCG measurement has an excellent predictive 
ability for pregnancy prognoses.

However, one must avoid misjudgment from pursuing early 
diagnosis of pregnancy prognoses. IVF patients usually require 
luteal support for several weeks to maintain the pregnancy [21]. 
Discontinuing luteal support due to misjudgment can lead to 
unsuccessful childbirth.

One previous study indicated the efficacy of earlier pregnancy 
judgment less than 14 days after retrieval of eggs [22]. Should 
patients change the medicine for their own chronic severe 
disease with a high possibility of causing a fetal malformation to 
a more harmless medicine just after conception, early diagnosis 
of pregnancy until 4 weeks gestation is important. However, 
hurried judgment of pregnancy prognoses may cause a mistake. 
In spite of an extremely low HCG level in gestational 4 weeks, 
implantation delays may rarely bring continuous pregnancy. The 
final diagnosis of pregnancy prognoses should not be decided by 
a single measurement of serum HCG. Repeated measurements 
with a careful observation of clinical courses of fetal growth are 
necessary. More investigations are needed to confirm the safety 
and efficacy of early pregnancy judgment earlier than 16 days 
after oocyte retrieval.

In conclusion, in order to predict pregnancy prognoses, a serum 
HCG measurement on day 16 is more effective than on day 
19 after oocyte retrieval. Larger scale studies and prospective 
controlled studies are needed to exclude confounding factors 
and confirm the result of this study.
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