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Abstract 
 

Background: Small CRL (>2 SD below the mean) has been associated with small for gestational age infants 

and mGSD <50th percentile has been associated with chromosomal abnormalities.  

Aim: The present study aimed to find the correlation of the difference between mGSD and CRL and the first 

trimester pregnancy loss in low risk pregnancy.  

Methods: This is a prospective cohort that was carried out in the Outpatient Clinic of the Obstetrics and 

Gynecology Department, October 6 University Hospital. The study involved 100 pregnant women examined 

using 2D ultrasonography starting early in the first trimester with a first scan between 6 and 8 weeks. Another 

follow-up scan was conducted at 12 weeks. Outcome of first trimester was recorded.  

Result(s): Mean mGSD was 20.44 mm and mean CRL was 10.8 mm. Fetal loss in first trimester was reported in 

seven patients (8.8%) and 73 (91.2%) resulted in an ongoing pregnancy and entered the 2nd trimester 

successfully. There are statistically significant relations for incidence of fetal loss with body mass index, history 

of vaginal bleeding in current pregnancy, history of fetal loss and difference. Multiple regression analysis 

demonstrated that independent contributions in explaining the rate of fetal loss were provided by history of 

vaginal bleeding and overweight/obese which independently increased fetal loss by 123.075 and 10.035 folds 

respectively.  

Conclusion: Difference between mGSD and CRL is correlated with first trimester pregnancy loss in low risk 

pregnancy and can be used as a marker for it. 
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1. INTRODUCTION 
 

Spontaneous pregnancy loss occurs in 25% to 50% 

of pregnancies prior to 14 weeks of gestation. 

Transvaginal ultrasound (TVUS) provides high-

resolution images, low inter-observer variability 

with high reliability, and is typically used to make 

diagnosis of intrauterine pregnancy and to follow 

up with its development 
(1)

. 

Gestational sac (GS), yolk sac (YS), crown-rump 

length (CRL), and heart rate (HR) are the 

parameters measured to evaluate early pregnancy 
(2)

. A yolk sac can be detected easily by 

transvaginal sonography when the mean gestational 

sac diameter was 5 to 6mm. It is generally accepted 

that the yolk sac should be observed when a 

gestational sac measures greater than 8 mm. The  

 

 

appearance of yolk sac is a marker of successfully 

growing gestational sac and is identified by 

transvaginal ultrasound between 4th and 5th week 

of gestation prior to appearance of fetal pole and 

embryonic heart 
(3)

. 

Kamel et al. 
(4)

 evaluated the role of 3D ultrasound 

measurements of yolk sac volume (YSV) in 

predicting possibility risks in pregnancy during the 

first trimester. They concluded that first trimester 

3D ultrasound assessment of GSV gives an 

accurate method for predicting outcome of 

pregnancy. 

Crown-rump length (CRL), measured using 

ultrasound as early as the first prenatal visit, is 

generally used to assess gestational age in the first 



Difference Between Mean Gestational Sac Diameter and Crown-Rump  

Length as a Marker of First Trimester Pregnancy  

Loss in Low Risk Pregnancy                                                                                            Section A -Research paper 

 

6071 

Eur. Chem. Bull. 2023, 12(Special Issue 4),6070-6076 

 

trimester 
(5)

. Xu et al. 
(6)

 investigated the 

association of crown-rump length (CRL) during the 

first trimester of pregnancy with neonatal 

outcomes. They concluded that maternal 

characteristics were independently associated with 

CRL in the first trimester, which was negatively 

related to fetal size, SGA, preterm birth, and 

admission rate to the NICU, but positively related 

to LGA. 

The aim of the present study is to find the 

correlation of the difference between mGSD and 

CRL and the first trimester pregnancy loss in low 

risk pregnancy. 

 

2. PATIENTS AND METHODS 
 

This is a cross sectional analytical study of 100 

cases that was carried out in the Obstetrics and 

gynecology out-patient clinic of 6th of October 

University hospital. 

Inclusion criteria: 

 Female patients confirmed to be pregnant by 

serum B-hCG during the first trimester with a 

gestational age up to 10 weeks.. 

 Primigravida and multipara with good past 

obstetric history. 

 Spontaneous pregnancy. 

Exclusion criteria: 

 Patients with recurrent first trimester abortion. 

 History of previous fetal structural or 

chromosomal anomalies. 

 Pregnancies resulting after successful ART. 

 Pregnant patients with threatened abortion. 

 Fibroid uterus  

 Congenital uterine malformations  

 Cervical incontinence  

Methods: 

All participants were subjected to: 

 History taking 

 General examination including vital signs, 

cardiac and chest examination, head and neck 

examination, lower limb examination and lastly 

abdominal examination. 

 U/S to measure CRL and mGSD. 

For Crown- rump length, the baby is measured in 

centimeters, from the top of their head (crown) to 

the bottom of their buttocks (rump). The limbs and 

yolk sac are not included in the measurement. The 

measurement was then converted to millimeters. 

The mean sac diameter is measured by summing 

the gestational sac's height, length, and width and 

dividing the results by 3. It is expressed in 

millimeters. The difference between the two 

measurements were calculated. 

 

 

 

 
Figure (1): Ultrasonography for measurement of 

CRL and mGSD 

Outcome: 

Primary outcome: 

Occurrence of first trimester pregnancy loss. 

Secondary outcome: (Detection of complications) 

 Bleeding. 

 Uterine colics. 

 Appearance of fetal anomaly. 

 

STATISTICAL ANALYSIS:  
Categorical data were analyzed using a two tailed 

student t-test for independent samples for 

comparative means of differences of gestational sac 

diameter and crown rump length in each group. 

Non parametric results were presented in 

percentage using fisher test to compare 

percentages. SPPS 25.0 software was used. P < 

0.05 was considered to be significant. 

 

3. RESULTS 
 

During follow up, 20 women did not return for 

follow up and accordingly, the results of the 

remaining 80 women are shown. The mean age of 

the studied group was 25.09 years ranged between 

19 and 43 years (table 1). 

Ultrasonographic features showed that mean 

mGSD was 20.44 mm and mean CRL was 10.8 

mm (tables 2 and 3). 

Difference of mGSD and CRL ranged from 2 to 

16.29 mm. eleven patients had difference <5 mm 

(13.8%), 36 patients (45%) had difference from 5 

to <10 mm, 19 patients (23.8%) had difference 

from 10 to <15 mm while 17.5% had difference 

≥15 mm (figure 5). 

Fetal loss in first trimester was reported in seven 

patients (8.8%) and 73 (91.2%) resulted in an 

ongoing pregnancy and entered the 2nd trimester 

successfully, Of the 7 fetal losses, 3 were missed 

abortions (fetal pole with no visible pulsations), 1 

blighted ovum, 1 incomplete abortions and 2 

complete abortions (figure 6). 
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On finding association between incidence of fetal 

loss in first trimester and age of patients, the study 

showed that the percentage of fetal loss 

significantly increased in overweight (BMI > 25) 

and obese patients (BMI > 30). Also history of 

abortion significantly associated with current fetal 

loss. 

 

Table (1): Distribution of The Studied Patients According to Age 

 Mean ± SD Range 

Age (year) 25.09 ± 4.77 19 - 34 

 

 
Figure (2): Pie Chart Showing Distribution of Patients According to Gravidity 

 

 
Figure (3): Pie Chart Showing Distribution of Patients According to Parity 

 

 
Figure (4): Pie Chart Showing Distribution of Patients According to Vaginal Bleedin

 

Table (2): Distribution of The Studied Patients According to 2D Ultrasonographic Findings (mGSD) 

 Mean ± SD Range 

mGSD 20.44 ± 5.82 9.2 – 28.4 

 

Table (3): Distribution of The Studied Patients According to 2D Ultrasonographic Findings (CRL) 

 Mean ± SD Range 

CRL 10.8 ± 4.65 2.7 – 20.2 
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Figure (5): Pie Chart Showing Distribution of Patients According to Difference Between mGSD and CRL 

 

 
Figure (6): Pie Chart Showing Distribution of Patients According to Ultrasonographic Findings

 

Table (4): Relation Between Incidence of Fetal Loss and Body Mass Index of Studied Women 

Parameter 
Fetal loss Ongoing pregnancy 

χ
2
 p 

N=7(%) N=73(%) 

BMI 

Average 

Overweight/obese 

 

2 (28.6%) 

5 (71.4%) 

 

55 (75.3%) 

18 (24.7%) 

 

Fisher 

 

0.019* 

χ2Chi square test, t independent sample t test, *p<0.05 is statistically significant

Table (5): Relation Between Incidence of Fetal Loss and History of Vaginal Bleeding of Studied Women 

 

χ
2
: Chi square test, *p<0.05 is statistically significant. 

Table (6): Relation Between Incidence of Fetal Loss and History of Abortion of Studied Women 

 

χ
2
: Chi square test, t independent sample t test, *p<0.05 is statistically significant 

 

 

 

 

 

Parameter 

Fetal loss 

N=7(%) 

Ongoing pregnancy 

N=73 (%) χ
2
 p 

Mean ± SD Mean ± SD 

Vaginal bleeding: 

Absent 

Present 

 

1 (14.3%) 

6 (86.7%) 

 

69 (94.5%) 

4 (5.5%) 

 

Fisher 

 

<0.001* 

Parameter 

Fetal loss 

N=7(%) 

Ongoing pregnancy 

N=73 (%) χ
2
 p 

Mean ± SD Mean ± SD 

Abortion: 

No 

Yes  

 

3 (42.9%) 

4 (57.1%) 

 

66 (90.4%) 

7 (9.6%) 

 

Fisher 

 

0.011* 
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Table (7): Multivariate Regression Analysis of Factors Associated with Fetal Loss Among the Studied Patients 

Parameter β p AOR 
95% C.I. 

Lower Upper 

Vaginal bleeding in current 

pregnancy 
4.813 <0.001* 123.075 8.478 1786.8 

Overweight and obese 2.306 0.077 10.035 0.782 128.79 

AOR: Adjusted Odds Ratio, CI: Confidence Interval, *P≤0.001 is Statistically Highly Significant 

 

4. DISCUSSION 

 
Threatened miscarriage is defined as any bleeding in 

the first half of pregnancy and is seen in about 20–

25% of pregnancies, therefore is a fairly common 

complication during pregnancy. First trimester 

ultrasonography is routinely performed after 

infertility treatment to confirm pregnancy location 

and assess viability. Mean gestational sac diameter 

(mGSD; defined as average of measurements taken in 

three dimensions) and crown-rump length (CRL; 

defined as the average of three measurements of the 

longest fetal length) are two parameters routinely 

measured during early sonograms that are part of 

well-established criteria for diagnosing early 

pregnancy loss. Specifically, mGSD ≥25mm without 

an embryo, CRL ≥7mm without a fetal heartbeat ≥2 

weeks after identifying a gestational sac or ≥11 days 

after identifying a gestational sac and yolk sac are all 

considered to be diagnostic of a nonviable gestation 
(7)

. These values were confirmed by Preisler et al. 
(8)

. 

Although these criteria are useful to diagnose a 

nonviable gestation, clinicians often seek to predict 

pregnancy loss by identifying at-risk patients in 

advance of the pregnancy failure. 

Salomon et al. 
(9)

 investigated the role of CRL in the 

assessment of fetal size such as birth weight, small 

for gestational age (SGA) and large for gestational 

age (LGA), which has a close relationship with fetal, 

neonatal, and adult health. Culliney et al. 
(10)

 found 

that SGA is a risk factor for cerebral palsy, 

psychological disorders, and poor intellectual 

performance in term and moderate to late preterm 

infants. For LGA, infants are exposed to long-term 

metabolic complications credibly, including 

childhood obesity, and the metabolic syndrome in 

their adulthood. 

Yi et al. 
(11)

 explored associations between mGSD, 

CRL, and future pregnancy outcome. Small CRL (>2 

SD below the mean) has been associated with small 

for gestational age infants and mGSD <50th 

percentile has been associated with chromosomal 

abnormalities such as triploidy and trisomy 16. Both 

small CRL and small mGSD have also been 

independently associated with first trimester 

pregnancy loss. 

The present study aimed to find the correlation of the 

difference between mGSD and CRL and the first 

trimester pregnancy loss in low risk pregnancy. This 

is a prospective cohort that was carried out in the 

Outpatient Clinic of the Obstetrics and Gynecology 

Department, October 6 University Hospital. The 

study involved 100 pregnant women examined using 

2D ultrasonography starting early in the first 

trimester with a first scan between 6 and 8 weeks. A 

follow-up scan at 12 weeks. Outcome of first 

trimester was recorded. Eighty women completed the 

study. During follow up, 20 women did not return for 

follow up and accordingly, the results of the 

remaining 80 women are shown.  

About 44% of women were primigravida and 56.2% 

were multiparas. Xu et al. 
(6)

 found that 63.7% were 

primiparous. 

IAbd Ellatif et al. 
(13)

 evaluated the correlation 

between each of the ultrasound parameters that were 

assessed in the first trimester (the gestational sac size, 

yolk sac size and shape and Yolk Sac Size and Shape 

and embryonic heart rate) to early pregnancy loss and 

the correlation between different ultrasound 

parameter to each other. They found that parity from 

1-2 was higher 48(48%). Non-abortion cases were 

higher 84(84%). 

In the current study, ultrasonographic features 

showed that mean mGSD was 20.44 mm and mean 

CRL was 10.8 mm. Another results were obtained by 

Gordon et al. 
(14)

, with CRL average of 12wk5d ± 3 

d (p = 0.482). While Rolo et al. 
(15)

 reported mean 

CRL of 23.4 mm ± 7.9 SD ranging from 9 to 40 mm. 

In the current study, difference of mGSD and CRL 

ranged from 2 to 16.29 mm. eleven patients had 

difference <5 mm (13.8%), 36 patients (45%) had 

difference from 5 to <10 mm, 19 patients (23.8%) 

had difference from 10 to <15 mm while 17.5% had 

difference ≥15 mm. 

Fetal loss in first trimester was reported in seven 

patients (8.8%) and 73 (91.2%) resulted in an 

ongoing pregnancy and entered the 2nd trimester 

successfully. Also, Abd Ellatif et al. 
(13)

 found that 

normal cases were higher [97(69%)]. 

In our study, of the 7 fetal losses, 3 were missed 

abortions (fetal pole with no visible pulsations), 1 

blighted ovum, 1 incomplete abortions and 2 

complete abortions. Also, Abd Ellatif et al. 
(13)

 found 
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that of the 8 fetal losses, 2 were missed abortions 

(fetal pole with no visible pulsations), 1 blighted 

ovum, 2 incomplete abortions and 3 complete 

abortions. 

In the current study, there is statistically significant 

relation between incidence of fetal loss and body 

mass index.  Among women with fetal loss, 71.4% 

were overweight/obsess versus 24.7% of those with 

normal pregnancy. But, Kamel et al. 
(4)

 found no 

statistically significant difference between both 

groups according to BMI. 

As regard the history of vaginal bleeding in the 

current study there is statistically significant relation 

between incidence of fetal loss and history of vaginal 

bleeding in current pregnancy.  Out of 10 patients 

with history of vaginal bleeding, 6 had fetal loss 

while remaining four had normal ongoing pregnancy. 

Also, there is statistically significant relation between 

incidence of fetal loss and history of fetal loss.  Four 

patients (57.1%) of those with fetal loss had positive 

history of abortion versus 9.6% among those with 

normal pregnancy.  

In the current study, there was statistically significant 

relation between incidence of fetal loss and 

difference between mGSD and CRL. Three patients 

out of seven patients (42.9%) had difference <5mm, 

two patients (28.6%) had difference from 5 to <10 

mm, one patient (14.3%) had difference 10 - <15 mm 

and one patient (14.3%) had difference≥15 mm with 

statistically difference in distribution between or 

within the same group. Rashid et al. 
(16)

 found that a 

mean z-score of CRL was significantly lower in the 

miscarriage group of women compared with 

continued viable pregnancy group (-1.43 vs. -0.80, P 

= 0.030). 

Multiple regression analysis demonstrated that 

independent contributions in explaining the rate of 

fetal loss were provided by history of vaginal 

bleeding and overweight/obese which independently 

increased fetal loss by 123.075 and 10.035 folds 

respectively. Kapfhamer et al. 
(12)

 revealed a 

fourfold higher odd of first-trimester loss in 

pregnancies with mGSD-CRL <5 mm and a 

decreased odd of loss with mGSD-CRL of 10–14.99. 

The presence of an early ultrasound prior to 6 weeks 

3 days was predictive of early pregnancy loss in the 

current study population. This likely represents 

confounding by indication, because early signs of 

miscarriage, such as vaginal bleeding or abnormal 

rise in serum levels of hCG, would typically prompt 

an early ultrasound. The decreased pregnancy loss 

associated with subchorionic hemorrhage appears to 

be counterintuitive. It is possible that a subchorionic 

hemorrhage impinging on the gestational sac might 

distort measurements of the GSD, making the 

mGSD-CRL appear lower than it actually is.  

Models considering mGSD and CRL alone were both 

better at predicting pregnancy loss than the difference 

(mGSD-CRL). This is likely due to the fact that 

mGSD-CRL describes the difference in these 

variables, but not how the difference was achieved. 

For example, both increasing CRL and decreasing 

mGSD would decrease the mGSD-CRL.  

It seems unlikely that changes in these two variables 

have equivalent effects on pregnancy loss. In other 

words, a change in one of these variables might lead 

to a more significant effect than the other. In 

addition, these measurements are constantly changing 

with early fetal growth, and normative values have 

been established for different gestational ages (17).  

Kapfhamer et al. 
(12)

 found a strong inverse 

relationship between mGSD-CRL and first-trimester 

pregnancy loss in IVF patients, although the 

incidence of pregnancy loss with a mGSD-CRL 

<5mm was significantly lower than previously 

reported. Small mGSD-CRL was not associated with 

an increased risk of complications in pregnancies that 

continued beyond 20 weeks. The association between 

mGSD, CRL, and miscarriage is complex. 

Abd Ellatif et al. 
(13)

 concluded that first trimester 

ultrasound measurement of GS diameter proved to be 

an important, helpful and noninvasive tool in the 

investigation, diagnosis as well as the follow up of 

pregnant females in their early pregnancy. 

Measurement of gestational sac diameter and CRL in 

combination provided better prediction of the 

prognosis of the first trimester than when either 

parameter used alone. 

Xu et al. (2022) found that maternal characteristics 

were independently associated with CRL in the first 

trimester, which was negatively related to fetal size, 

SGA, preterm birth, and admission rate to the NICU, 

but positively related to LGA. 

The current study is one of the first studies examining 

the difference between mGSD and CRL in low-risk 

pregnant patients, to investigate the relationship 

between mGSD-CRL and multiple pregnancy 

outcomes, and to compare multiple models using 

CRL, mGSD, and mGSD-CRL. 

Finally, we were able to demonstrate that a complex 

relationship exists between mGSD and CRL and that 

miscarriage rates with mGSD-CRL <5mm in low-

risk pregnant patients are significantly lower than 

previously reported in unassisted pregnancies.   

 

5. CONCLUSION 
 

A relationship exists between mGSD-CRL and 

miscarriage in the first trimester. Although the 

mGSD-CRL difference is important, the relationship 

between these variables is complex and the individual 

contribution of mGSD and CRL to the difference 

appears to be more important in predicting 

miscarriage than the difference itself. Therefore, the 

difference between mGSD and CRL is correlated 

with first trimester pregnancy loss in low risk 

pregnancy and can be used as a marker for it. 

 



Difference Between Mean Gestational Sac Diameter and Crown-Rump  

Length as a Marker of First Trimester Pregnancy  

Loss in Low Risk Pregnancy                                                                                            Section A -Research paper 

 

6076 

Eur. Chem. Bull. 2023, 12(Special Issue 4),6070-6076 

 

 

6. REFERENCES 

 
1. Lek SM, Ku CW, Allen JC Jr, et al. Validation 

of serum progesterone <35nmol/L as a predictor 

of miscarriage among women with threatened 

miscarriage. BMC Pregnancy Childbirth 2017; 

17: 78. 

2. Detti L, Francillon L, Christiansen ME, 

Peregrin-Alvarez I, Goedecke PJ, Bursac Z 

and Roman RA. Early pregnancy ultrasound 

measurements and prediction of first trimester 

pregnancy loss: A logistic model. Scientific 

Reports 2020; 10: 1545. 

3. Prashant A, Selvi C, Lavanya R et al. 
Evaluation of yolk sac diameter and embryonic 

heart rate as prognostic factors of gestational 

outcome in early singleton pregnancies. Sch. J. 

App. Med. Sci. 2015; 3(2A): 543-550.  

4. Kamel AM, Effat DM and Yosry LM. Role of 

measurement of gestational sac, yolk sac 

volumes and retrochorionic blood flow by 3D 

ultrasound as a predictor of pregnancy outcome 

in the first trimester. JRAM 2021; 2(1): 54-62. 

5. Whitworth M, Bricker L, Mullan C. 
Ultrasound for fetal assessment in early 

pregnancy. Cochrane Database Syst Rev 2015; 

7: C007058. 

6. Xu Y, Ni M, Zhang Q, Zhao J, Tang Z and 

Liu Z. Correlation between crown-rump length 

in the first trimester of pregnancy and neonatal 

outcomes. BMC Pediatrics 2022; 22: 386. 

7. Doubilet PM, Benson CB, Bourne T, Blaivas 

M. Society of Radiologists in Ultrasound 

Multispecialty Panel on Early First Trimester 

Diagnosis of Miscarriage and Exclusion of a 

Viable Intrauterine Pregnancy. Med., 2013. 

8. Preisler J, Kopeika J, Ismail L, et al. Defining 

safe criteria to diagnose miscarriage: Prospective 

observational multicentre study. BMJ 2015; 351: 

h4579. 

9. Salomon LJ, Alfirevic Z, Da Silva CF, Deter 

RL, Figueras F, Ghi T, Glanc P, Khalil A, Lee 

W, Napolitano R, et al. ISUOG Practice 

Guidelines: ultrasound assessment of fetal 

biometry and growth. Ultrasound Obstet 

Gynecol 2019; 53(6): 715–23. 

10. Culliney KAT, Parry GK, Brown J, et al. 
Regimens of fetal surveillance of suspected 

large‐ for‐ gestational‐ age fetuses for 

improving health outcomes. Cochrane Database 

of Systematic Reviews 2016; Issue 6.  

11. Yi Y, Lu G, Ouyang Y, et al. A logistic model 

to predict early pregnancy loss following in vitro 

fertilization based on 2601 infertility patients. 

Reprod Biol Endocrinol 2016; 14: 15. 

12. Kapfhamer JD, Palaniappan S, Summers K, 

et al. Difference between mean gestational sac 

diameter and crown-rump length as a marker of 

first-trimester pregnancy loss after in vitro 

fertilization. Fertil Steril 2018; 109(1): 130-136. 

13. Abd Ellatif EM, Ahmad AK and Halawa 

MAA. Yolk sac size and shape, gestational sac 

diameter and embryonic heart rate as prognostic 

factors for first trimesteric outcome. The 

Egyptian Journal of Hospital Medicine 2018; 

73(9): 7418-7428. 

14. Gordon GH, Antony KM, Sampene E, et al. 
Maternal obesity is not associated with increased 

crown-rump length in first-trimester ultrasounds 

of singleton gestations. The Journal of maternal-

Fetal and Neonatal Medicine 2019; 32(14). 

15. Rolo LC, Nardozza LMM, Aruajo Junio E, et 

al. Measurement of embryo volume at 8-10 

weeks' gestation by 3D-sonography. Journal of 

Obstetrics and Gynaecology 2009; 29(3): 188-

91. 

16. Rashid H, Ma E, Ferdous F, et al. First-

trimester fetal growth restriction and the 

occurrence of miscarriage in rural Bangladesh: A 

prospective cohort study. PLoSOne 2017; 12(7): 

e0181967. 

17. Roque M, Valle M, Guimaraes F, et al. Freeze-

all policy: Fresh versus frozen-tahwed embryo 

transfer. Fertil Steril 2015; 103(5): 1190-3.

  

 


