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Abstract: Objective: The aim of this work was to determine the value of using ultrasonographic measurement of 
both yolk sac diameter and gestational sac diameter in the first trimester for prediction of pregnancy outcome. 
Subjects and Methods: This prospective observational study included 100 pregnant females in their first trimester 
of singleton pregnancy with no medical diseases. All women were examined by vaginal ultrasound during the 6th 
week of gestation to measure yolk sac diameter (YSD) and gestational sac diameter (GSD). During the 13th week of 
gestation, abdominal ultrasound was done to remeasure the sacs and confirm fetal well-being. This examination was 
the cutoff point of success of pregnancy. Results: The YS was measurable in 72 cases, absent in 16 cases and band-
shaped in 2 cases. The latter 2 cases are combined with cases of absent YS in one group. YSD had good positive 
correlation with GSD (r = 0.709, p< 0.001) and GA (r = 0.646, p< 0.001). The outcome at the 13th week was normal 
in 74 women and abnormal in 26. Absence of the yolk sac was significantly associated with abnormal outcome 
(Odds Ratio (OR): 10.3, 95% CI: 5.3-19.8). Cases with abnormal outcome had significantly smaller yolk sacs and 
YSD/GSD ratio. YSD ≤ 3.1 mm predicts abnormal outcome with a sensitivity of 75% and specificity of 63.5%, 
while YSD/GSD ratio ≤ 0.2 shows the absolute sensitivity and specificity (100%). YSD/GA ≤ 0.065 predicts 
abnormal outcome with 100% sensitivity and specificity.Conclusion: Measurement of yolk sac diameter is a good 
predictor of bad neonatal outcome especially as a ratio to gestational sac diameter. 
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1.Introduction: 

A group of clinical factors including maternal 
age, race, smoking and history of vaginal bleeding 
were suggested for prediction of subsequent 
miscarriages. In addition, ultrasound measurements 
during the first trimester including crown-rump 
length (CRL), embryonic heart rate (HR), gestational 
sac diameter (GSD) and yolk sac diameter (YSD) 
were utilized. Numerous studies reported 
contradictory results of the value of these 
measurements in the prediction of subsequent 
miscarriage.[1-10] 

In the first trimester, the yolk sac is one of the 
most important conceptional structures that can be 
assessed using ultrasonography. Yolk sac is the 
primary route of embryo-mother exchange during 
embryonic development. Before complete 
establishment of placental circulation, it has 
nutritional, metabolic, immunologic, endocrine, and 
hematopoietic functions essential in early embryonic 
life.[11] Sonographic evaluation of the yolk sac can 
be beneficial in confirmation of an intrauterine 
pregnancy and prediction of gestational outcome 
through assessment of its shape, size, and internal 
structure.[12,13] 

Transvaginalsonography can detect the yolk sac 
as early as the 5th week of pregnancy.[12] It should 

be clearly observed when the gestational sac 
measures more than 8 mm.[14] Normally, it appears 
as a round structure with an anechoic center 
surrounded by a uniformly thick and well-defined 
echogenic wall.[15] Usually the inner diameter of the 
yolk sac measures 3-5 mm. Its size increases 
progressively from the 5th gestational week to the end 
of the 10th gestational week; subsequently it 
decreases in size gradually.[16] 

The yolk sac size and shape have been 
suggested as sensitive predictors of pregnancy 
outcome. Several studies investigated the importance 
of the yolk sac size and echogenicity in early 
pregnancy to determine pregnancy outcome.[7,11,17-
20] Fewer studies focused on the importance of the 
yolk sac shape in early pregnancy.[11,19,20] 
Absence of the yolk sac is generally associated with 
subsequent embryonic death. [11,19,21] 

Gestational sac diameter has been described in 
first-trimester gestations from 5 weeks from the last 
menstrual period onwards.[22-24] Prior to 5 weeks of 
gestation measurement of gestational sac did not 
prove useful in predicting outcome of the pregnancy. 
However, a number of studies have shown that a 
smaller than expected gestational sac diameter 
predicts imminent pregnancy loss from 5.5 weeks’ 
gestation and above.[2,25,26] 
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The aim of this work was to determine the value 
of using ultrasonographic measurement of both yolk 
sac diameter and gestational sac diameter in the first 
trimester for prediction of pregnancy outcome. 
 
2.Subjects and Methods: 

This prospective observational study was 
performed in the antenatal care department, Maternity 
Hospital, Ain-Shams University during the period 
from July 2008 to July 2009. It included 100 pregnant 
females in their first trimester with singleton 
pregnancy. All women were below 35 years old. 
Gestational age was confirmed by sure date of the 
last menstrual period (LMP). Pregnancies 
complicated by medical diseases as diabetes mellitus, 
hypertension, SLE, etc. were excluded. 

After careful general medical examination, 
complete urine analysis, blood sugar and complete 
blood count were performed. All women were 
examined by vaginal ultrasound during the 6th week 
of gestation to measure yolk sac diameter (YSD) and 
gestational sac diameter (GSD). During the 13th week 
of gestation, abdominal ultrasound was done to 
remeasure the sacs and confirm fetal well-being. This 
examination was the cutoff point of success of 
pregnancy. The ultrasound apparatus was SonaAce 
1500 (Medison Corporation) with a 6.5 MHz vaginal 
probe and a convex 3.5 MHz abdominal one. All 
women provided a verbal informed consent. 
Vaginal ultrasonography procedure: 

The woman was advised to empty her bladder 
before examination. Gestational age diameter was 
confirmed by measurement of the crown-rump 
length. After gaining a clear image on the monitor 
and visualization of gestational sac (GS) and yolk sac 
(YS), the internal diameters of both sacs were 
measured in two perpendicular planes and the mean 
diameters were calculated. One image of the YS and 
GS is taken for the apparent normal cases at the sixth 
week. If YS is absent in the first sonar or there is 
abnormality in the shape or size of the GS, a follow 
up vaginal ultrasound is taken, up to four times in 
some cases. In these cases, up to four or five images 
are taken. Involved women were instructed to report 

any vaginal bleeding or pelvic pain to the 
investigators. If no complications have occurred, they 
were invited a follow up visit on the 13th week, for 
abdominal ultrasonography checking success of 
pregnancy. At the thirteenth week, the outcome of 
pregnancy is evaluated. Outcome is considered 
normal if intact gestational sac with a living fetus on 
abdominal ultrasonography is visualized. Women 
with inevitable abortions during previous weeks and 
those with non-viable pregnancy on confirmed by 
abdominal ultrasonography were considered 
abnormal outcome. 

Some pregnant females, at their sixth week of 
gestation, refused to perform vaginal ultrasound they 
are excluded and replaced. Also, some other women 
were lost to the follow up visit during the 13th week. 
All these cases were also replaced. 
Statistical Analysis: 

Data was analyzed using IBM SPSS Advanced 
Statistics version 20 (SPSS Inc., Chicago, IL). 
Numerical data were expressed as mean and standard 
deviation or median and range as appropriate. 
Qualitative data were expressed as frequency and 
percentage. For quantitative data, comparison 
between two groups was done using Mann-Whitney 
test. Spearman-rho method was used to test 
correlation between numerical variables. Odds ratio 
(OR) with it 95% confidence interval (CI) were used 
for risk estimation. The Receiver Operating 
Characteristic (ROC) curve was used for prediction 
of cut off values. A p-value < 0.05 was considered 
significant. 
 
3.Results: 

Table 1 shows maternal age, gestational age and 
diameters of YS and GS of the whole group of 100 
women. The YS was measurable in 72 cases, absent 
in 16 cases and band-shaped in the remaining two 
cases. For statistical purposes, the two cases of the 
band-shaped YS are combined with cases of absent 
YS in one group. YSD had good positive correlation 
with GSD (r = 0.709, p< 0.001) and GA (r = 0.646, 
p< 0.001). 

 
Table 1: Maternal age, gestational age and diameters of YS and GS of the whole studied group (n = 100) 

 Mean±SD Median (Range) 
Maternal Age (years) 26.77±4.33 26.50 (19.00-34.00) 

Duration of pregnancy (days) 46.40±4.01 45.00 (41.00-60.00) 
GSD (mm) 13.83±4.37 13.75 (2.00-25.00) 
YSD (mm)* 3.64±0.78 3.50 (2.70-7.00) 

GSD/YSD ratio* 3.99±0.93 3.75 (2.68-7.00) 
YSD/GSD ratio* 0.26±0.05 0.27 (0.14-0.37) 

* data for only 72 cases with measureable YS 
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Figure 1: Relation between condition of the yolk sac and the outcome of pregnancy 

 
During the follow up visit during the 13th week, 

the outcome of the study was determined and 
accordingly, women were classified into two groups; 
those with normal outcome (n = 74) and others with 
abnormal outcome (n = 26). Figure 1 shows relation 
between the outcome and condition of the yolk sac. 
Absence of the yolk sac was significantly associated 

with abnormal outcome (p< 0.001) with an Odds 
Ratio (OR) of 10.3 (95% CI: 5.3-19.8). Table 2 
shows a comparison between normal and abnormal 
outcome groups regarding diameters of GS and YS 
and their ratios. Cases with abnormal outcome had 
significantly smaller yolk sacs and YSD/GSD ratio. 

 
Table 2: Diameters of GS and YS and their ratios in cases with normal and abnormal outcome 

 
Abnormal Outcome Normal Outcome 

p value 
n Mean±SD n Mean±SD 

GSD (mm) 26 13.68±5.93 74 13.88±3.72 0.903 
YSD (mm)* 26 3.13±0.35 74 3.70±0.80 0.019 

GSD/YSD ratio* 8 6.53±0.45 74 3.72±0.39 < 0.001 
YSD/GSD ratio* 8 0.15±0.01 74 0.27±0.03 < 0.001 

 
Using ROC curve analysis, YSD ≤ 3.1 mm 

predicts abnormal outcome with a sensitivity of 75% 
and specificity of 63.5%. However, the YSD/GSD 
ratio ≤ 0.2 shows the absolute sensitivity and 
specificity (100%) for prediction of abnormal 
outcome of pregnancy. Similarly, YSD/GA (in days) 
≤ 0.065 predicts abnormal outcome with 100% 
sensitivity and specificity. 
 
4.Discussion: 

This study demonstrated that absence of yolk 
sac during the 6th week of gestation is a predictor of 
abnormal outcome of pregnancy with an Odds Ratio 
of 10.3 (95% CI: 5.3-19.8). A ratio of yolk sac 
diameter to gestational sac diameter ≤ 0.2 had a 
100% sensitivity and specificity for prediction of 
abnormal outcome of pregnancy. Yolk sac diameter 
only was a weaker predictor of abnormal outcome 
(75% sensitivity and 63.5% specificity). 

Absent yolk sac was previously investigated as 
a sonographic predictor of early pregnancy failure. 
Nyberg et al. found that absence of yolk sac with a 
GSD ≥ 20 mm had a low sensitivity, but 100% 
specificity for prediction of abnormal 
outcome.[27,28] The two studies included women 
with threatened abortion. Using endovaginal US, the 
absence of a yolk sac predicted a nonviable 
pregnancy with a sensitivity of 67% and a specificity 
of 100% in 59 patients with gestation sacs ≥ 8 
mm.[29] In a prospective study of 211 pregnancies 
complicated by threatened abortion and empty 
gestation sacs diagnosed by transvaginal ultrasound a 
mean sac diameter ≥13 mm without visible yolk sac 
was the most sensitive criterion for prediction of non-
viable pregnancy (96% sensitivity and 100% 
specificity).[30] 

The combination of absence of cardiac activity 
and absence of a yolk sac on transvaginalsonography 
appeared to be a highly specific criterion of non-
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viability whenever the mean sac diameter is ≥ 16 
mm.[31] However, in a large retrospective study of 
2,655 first-trimester US scans, reliability of absent 
YS was questioned by Rowling et al. They reported 
normal pregnancy outcome in 22% of patients 
without yolk sacs.[32] 

In the current study, YSD as a sole parameter 
was a rather weak predictor of abnormal outcome of 
pregnancy. Low sensitivity of small YSD was 
reported in previous studies. A YS diameter 2SD 
below the mean predicted an abnormal pregnancy 
outcome with a sensitivity of 15.6% and a specificity 
of 95.3%.[11]Stamponeet al. reported a sensitivity of 
68.7% and a specificity of 99%. [7]Similar figures 
(sensitivity 65% and specificity of 97%) were also 
reported by Küçüket al.[19]. 

A recent prospective cohort study of 219 
women concluded that absence or small yolk sac can 
predict poor pregnancy outcome during the first 12 
weeks with a good accuracy. Combination of 
gestational age and YSD resulted in an area under the 
ROC curve of 0.858.[33]On the contrary, Chama et 
al.reported a higher sensitivity for a small sized YS 
for predicting abnormal pregnancy outcome. They 
found that a YSD above or below 2 SD from the 
mean predicted abnormal pregnancy outcome with a 
sensitivity of 91.4%, specificity of 66%. In addition a 
normal YS size predicted normal pregnancy outcome 
with a sensitivity of 66%, specificity of 91.4%.[34] 

In the current study, ratio of YSD to GSD or 
gestational age predicts poor outcome with 100 
sensitivity and specificity. We believe that using the 
YSD/GSD ratio is a better measure for prediction of 
pregnancy outcome owing to the wide variability in 
the sac diameters and the rate of growth of 
gestational sac. 

A recent study of 1060 intrauterine pregnancies 
of uncertain viability reported an overlap in mean sac 
diameter growth rates between viable and non-viable 
pregnancies without a definite cut-off to mark 
viability. Based on these findings, they consider 
criteria to diagnose miscarriage based on growth in 
gestational sac and even crown-rump length 
potentially unsafe.[35] 
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