
Year IX • No. 34 (4/2021)
14

obstetrics

Early pregnancy signs  
of viability and failure

The most frequently used tools to differentiate between 
a normal pregnancy and an ectopic or nonviable one 
are human chorionic gonadotropin concentration and 
highresolution transvaginal ultrasound measurements. Ex
ten sive prenatal ultrasound, using a wide range of criteria, 
can be used to identify pregnancies at risk for the mother or 
fe tus, ensuring an ongoing evaluation of the maternal and 
fe tal health and anticipating certain problems that allow 
in some cases to minimize or even prevent morbidity. The 
spe cia list must first determine the viability of the pregnancy, 
the localization, the number of sacs, embryos, placentas 
and, after all these, the gestational age. The most used signs 
for early pregnancy failure are considered the absence of 
car diac activity and the absence of the embryo in a grown 
ges ta tio nal sac. Beside ultrasonography, hCG levels are 
used to differentiate between viable pregnancies, nonviable 
preg nan cies and ectopic pregnancies, even though values 
over lap most of the time, as a result multiple measurements 
must be performed. When the last menstrual period is not 
known, ultrasonography can be used to date the pregnancy 
using ultrasound measurements. Ultrasonography can be 
used to detect congenital anomalies during early preg
nan cies, as well as detect firsttrimester fetal growth delay. 
Currently, there is a constant need of revising and stan dar
di zing the practical guidelines with the purpose of ensuring 
that patients receive the best prenatal care as possible, as 
well as treating the nonviable during the first trimester at 
low costs, preventing further costs down the road.
Keywords: pregnancy, early pregnancy failure, viability, 
firsttrimester ultrasound, fetal measurements

Cel mai frecvent folosite investigații pentru a diferenția o sar
ci nă normală de o sarcină neviabilă sau de o sarcină ecto pi că 
sunt gonadotropina corionică umană și măsurătorile eco gra
fi ce transvaginale de înaltă rezoluție. Ecografiile pre na ta le 
extensive, folosind un număr suficient de criterii, pot fi utilizate 
la identificarea sarcinilor la risc pentru mamă și făt, pen tru 
asigurarea unei evaluări continue a sănătății mamei și fă tu lui, 
cu scopul de a anticipa posibilele probleme și pentru a permite, 
în unele cazuri, scăderea sau chiar prevenirea mor bi di tă
ții. Medicul trebuie în primul rând să determine via bi li ta tea 
sar ci nii, localizarea acesteia, numărul sacilor ges ta țio nali, al 
embrionilor, placentelor și, după toate acestea, vâr sta gesta
țio na lă. Cele mai utilizate semne pentru sarcina ne via  bi lă în 
pri mul trimestru sunt absența activității cardiace şi absența 
em brio nu lui întrun sac gestațional normal. În afara eco gra fiei, 
nivelul betaHCGului este folosit pentru a diferenția între sar ci
na normală, cea neviabilă și cea ectopică, chiar dacă ni ve lu ri le 
de betaHCG se suprapun în diferite momente, având drept 
consecință nevoia de măsurători în dinamică. Atunci când data 
ul ti mei menstruații nu este cunoscută, ultrasonografia poate 
fi folosită pentru a data sarcina cu ajutorul măsurătorilor. 
Ul   tra  so  no  gra fia poate fi utilizată pentru a detecta defecte con 
ge  ni tale în sarcina incipientă sau pentru a detecta restricții de 
creștere în primul trimestru. În prezent, există o nevoie con stan
tă de revizuire şi standardizare a ghidurilor clinice, cu scopul de 
a le oferi pacientelor cel mai înalt standard de servicii medicale, 
alături de posibilitatea de a trata sarcina neviabilă în primul 
trimestru, cu costuri mici, prevenind cheltuielile ulterioare.
Cuvinte-cheie: sarcină, sarcină oprită în evoluție, viabilitate, 
ecografie de prim trimestru, măsurători fetale
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Introduction
In today’s obstetrics, the early diagnosis of preg-

nancy is of a high importance. Since over three dec-
ades ago, ultrasonography – especially transvaginal 
ultrasonography – represents the elective method to 
make the differential diagnosis and management of 
viable, ectopic and nonviable pregnancies, markedly 
reducing the morbidity and mortality associated with 
ectopic pregnancy.

Transvaginal ultrasonography still has criteria with 
almost 100% specificity for nonviable pregnancies, 
which leads to an important decrease in costs regard-
ing future examinations. Considering the increase of 
pregnancies inserted on the post-caesarean surgery 

scar and the efficiency of the treatment methods avail-
able for ectopic or nonviable pregnancies diagnosed in 
early first trimester, we consider that performing an 
ultrasonographic evaluation for pregnancy confirma-
tion between 6 and 9 weeks of amenorrhea is extremely 
important and must be available, within health insur-
ance, for all women with amenorrhea and a positive 
pregnancy test, no matter their risk group, but mainly 
for those with a history of caesarean section births, 
conservative uterine surgeries and ectopic pregnancy(1).

As the medical technology and tools available advance 
more and more towards a very high standard of treat-
ment, there is less room for error than ever. Errors in 
discerning between a viable intrauterine pregnancy and 
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nonviable/ectopic pregnancy are a major starting point 
for a high number of malpractice lawsuits(2).

The majority of practitioners use for the diagnosis 
and management of incipient pregnancies the serum 
concentration of human chorionic gonadotropin and 
transvaginal ultrasonography. The Romanian Society 
of Obstetrics and Gynecology (SOGR), as of 2019 guide-
lines, recommends the early confirmation of pregnancy 
between 6 weeks and 9 weeks of gestation and a further 
first-trimester ultrasound examination of fetal anatomy 
at 11-13+6 weeks(2). The American College of Obstetri-
cians and Gynecologists (ACOG) and the American In-
stitute of Ultrasound in Medicine (AIUM) recommend 
the ultrasound examination for all pregnant patients, no 
matter their associated class of risk. Furthermore, the 
American guidelines recommend screening ultrasound 
examination for the detection of fetal abnormalities and 
other possible complications of pregnancy(3). 

In order to correctly assess the pregnancy, the special-
ist must first determine the viability of the pregnancy, 
the localization, the number of sacs, embryos, placentas 
and, after all these, the gestational age, which is funda-
mental in order to compare the obtained parameters 
during examinations with the standard charts(1).

In the majority of guidelines, the diagnosis of preg-
nancy is confirmed by:

a. The detection of human chorionic gonadotropin 
(hCG) in blood or urine (blood test is more reliable as it 
has a lower threshold for a positive test).

b. The identification of pregnancy by ultrasound.
The next step after confirming the pregnancy is to 

determine whether the pregnancy is intrauterine or ec-
topic and if the pregnancy is viable or nonviable, which 
is done using hCG and ultrasonography. Ultrasonography 
is a pivotal point in the management of every pregnancy, 
used from the beginning until the very end. Over time, a 
series of criteria were developed to monitor the normal 

evolution of a pregnancy. By comparing the measure-
ments with the standards, pregnancies can be separated 
in viable and nonviable, or we can identify a growth delay.

Although there are many opinions regarding the in-
dications of early first-trimester ultrasound (Table 1), 
we consider it indispensable in order to confirm an in-
trauterine gestation, to accurately date the pregnancy, 
to assess the number and viability of the embryos, to 
diagnose major fetal malformations and, most impor-
tant, to detect any early markers of pregnancy failure.

Ultrasonographic signs for early pregnancy 
failure in intrauterine pregnancy

The most used signs for early pregnancy failure (Figure 
1) are considered the absence of cardiac activity and the 
absence of the embryo in a grown gestational sac. None 
of these signs have a 100% specificity or sensitivity and 
measurements for the same patient can differ from one 
device to another or from one practitioner to another.

A. Crown Rump Length (CRL) criteria for failed 
pregnancy – recent studies have shown that a cutoff of 
7 mm for a CRL with no cardiac activity to be as close as 
possible to 100% specificity; if the practitioner finds no 
cardiac activity in an embryo between 5 (older cutoff 
value used which led to a significant number of false-
positive failed pregnancies) to 7 mm, there is a suspicion 
of failed pregnancy and not a diagnostic failure(1).

B. Mean Sac Diameter (MSD) criteria for failed 
pregnancy – the MSD is obtained by measuring the sagit-
tal, transverse and anteroposterior diameter of the sac. 
The first cutoff suggested for practical use was 16 mm 
(the point at which the embryo is visible in the sac), which 
was later changed to 25 mm as many 17 to 21 mm gesta-
tional sacs with no embryo, considered nonviable, would 
later turn to be viable pregnancies (Figure 2). As a result, 
nowadays we use a cutoff of 25 mm for the MSD with no 
embryo visible to identify a nonviable pregnancy(1). 

Table 1
Common indications for transvaginal ultrasonography. Source: Doubilet et al. Diagnostic 
criteria for nonviable pregnancy early in the first trimester(1)

Common indications for transvaginal ultrasonography

Amenorrhea

Vaginal bleeding

Pelvic pain

Unknown menstrual dates

Subjective feeling of pregnancy

Uterus greater or smaller than dates on clinical evaluation

Positive pregnancy test

Aneuploidy risk assessment and nuchal translucency measurement

Fetal anatomy survey

Ruling out multiple pregnancy
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C. Time-based criteria for failed pregnancy – some 
pregnancies fail even before we are able to identify the 
gestational sac or to be able to identify the embryo and 
measure it, so the need arise for other criteria to be es-
tablished. As such, not being able to see an embryo with 
heartbeat by a certain point in time (after six weeks) is 
predictive enough for a failed pregnancy. Other more 
specific and sensitive criteria are based on combining 
a series of ultrasound scans and timing events of early 
pregnancy like the appearance of gestational sac and yolk 
sac. Currently, the most reliable time-based criteria for 
failed pregnancies are an embryo with no heartbeat more 
than two weeks after a scan that confirmed a gestational sac 
and an embryo with no heartbeat more than 11 days after a 
scan confirmed a gestational sac with a yolk sac(1).

D. Other criteria that are highly suspicious for nonvi-
able pregnancy but not diagnostic (Table 2) – these abnor-
malities are derived from previous criteria and practically 
represent the gray area in which some pregnancies turn 
out to be nonviable while others turn out to be viable(1).

The most recent study on topic was published last 
month in the White Journal by Dooley et al. and conducted 
by D. Jurkovic(4). The study included 6012 women with 
early pregnancy complications, being the largest study sus-
taining that the finding on ultrasound of an amniotic sac 
without an embryo with cardiac activity, named “amniotic 
sac sign”, is a reliable marker of early pregnancy failure, 
able to reduce the number of follow-up scans by 11%(4).

Pregnancies with unknown location – 
possible scenarios and how to diagnose 
nonviable pregnancies

An important part in managing these scenarios (Figure 
3) is the measurement of hCG. Human chorionic gonado-
tropin is a hormone created primarily by the syncytio-
trophoblast cells of the placenta which is produced in early 
pregnancy. Its main role is to stimulate the corpus luteum 
to produce progesterone in order to maintain the preg-
nancy. The hCG is produced mainly in the first trimester, 
reaching a peak around the 10th pregnancy week, after 

Figure 1. Gestational sac with thin double outline, con-
taining a double-bleb sign, but also one more vesicle 
suggesting a genetic cause of pregnancy failure; 2D 
transvaginal ultrasound. Source: Personal collection of 
dr. R. Bohîlțea  

Figure 2. The absence of the embryo in a grown 
gestational sac. 3D Static, Surface mode imagining. 
Source: Personal collection of dr. R. Bohîlțea

Table 2
Other criteria that are highly suspicious for nonviable pregnancy but not diagnostic.  
Source: Doubilet et al. Diagnostic criteria for nonviable pregnancy early in the first trimester(1)

Other criteria that are highly suspicious for nonviable pregnancy but not diagnostic

Enlarged (>5-6mm) yolk sac or crenelated or abnormally shaped

Empty amnion with no embryo

Small sac relative to the embryo (MSD-CRL <5 mm)

Bradycardic embryo at more than 7 weeks (<85 bpm)

Absence of embryo after 6 weeks since LMP

CRL <7 mm and no heartbeat

MSD between 16 and 24 mm and no heartbeat

obstetrics
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which it decreases and enters a plateau phase until deliv-
ery (Figure 4). After delivery, the hCG levels return to the 
normal range in between one week and two months. Dur-
ing the first two months of pregnancy, the concentration 
doubles every 24 to 48 hours and it reaches a detectable 
level in serum at 1 to 2 mIU/mL and 20 to 50 mIU/mL in 
urine tests, corresponding to the 4th week of pregnancy(5).

Although hCG levels in viable pregnancies, nonviable 
pregnancies and ectopic pregnancies overlap most of 

the time, multiple measurements must be performed. 
Modern ultrasonography can detect a gestational sac 
at around 1000 to 2000 mIU/ml. A viable pregnancy 
doubles its hCG every two days and therefore at least 
two measurements at the same laboratory are required. 
For a woman with unknown pregnancy location with a 
hCG level of 2000-3000 mIU/ml, the ectopic pregnancy 
is 19 times more likely, while a nonviable intrauterine 
pregnancy is 38 times more likely(1).

Figure 3. Schematic scenario for positive pregnancy test without visible sac

Figure 4. The hCG 
level during pregnancy. 
Source: https://
uk.clearblue.com/
pregnancy-tests/hcg
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In order to confirm a viable pregnancy, the hCG is 
evaluated every two days. If the doubling pattern is not 
respected, the pregnancy is considered nonviable. A con-
centration of hCG that is slowly rising is suggestive for 
an ectopic pregnancy which requires further ultrasono-
graphy for confirmation. A decrease in the concentration 
of hCG is suggestive for abortion, incomplete abortion or 
tubal abortion. Other high-risk factors for ectopic preg-
nancy must be evaluated through history like previous 
ectopic pregnancy, tubal surgery or pathology, in vitro 
fertilization or intrauterine devices(5,6).

Assessment of gestational age  
and correlations with hCG level

The precise determination of gestational age, although 
easy in theory, can be a real challenge. The most frequent 
sign is amenorrhea, which in patients with irregular men-
ses is not a very reliable symptom. In addition, spotting 
or bleeding can occur in around 10-15% of women during 

Figure 5. Both pregnancies are 6 weeks + 2 days by LMP; the embryonic stage is completely different, illustrating the 
important variability of ovulation time even in regulate menstrual cycle. Source: Personal collection of dr. R. Bohîlțea 

Figure 6. Early pregnancy 6 weeks + 5 days. 3D Static, 
Surface mode. The embryo is attached to the surface of 
the yolk sac. Source: Personal collection of dr. R. Bohîlțea

Figure 7. Ultrasono-
graphic elements  
of early pregnancy.  
Source: Per sonal col lec-
tion of dr. R. Bohîlțea  

obstetrics
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early pregnancies, which tends to overlap with the last 
menstrual period, giving the false impression of nonpreg-
nancy. When the last menstrual period is not known, 
ultrasonography can be used to date the pregnancy using 
ultrasound measurements (Figure 5)(7,8).

The first element that can be identified by transvagi-
nal ultrasonography in a pregnancy is the gestational sac 
which can be found four to four and a half weeks after 
conception. It appears as a round or later elliptic sac 
filled with fluid with a thick, hyperechogenic contour. 
The lowest threshold at which it can be spotted is 2 to 3 
mm. The change of form from round to irregular might 
be a sign for a failed pregnancy(1,7).

After five weeks of amenorrhea, the first anatomic 
structure that can be seen inside the gestational sac (which 
at this point is around 5 mm) is the yolk sac (Figure 6). It 
is a spherical structure with an echogenic periphery that 
continues to grow up until the 10th week when it reaches 
6 mm. After this period of growth, the yolk sac migrates 
to the periphery of the sac and it becomes unidentifiable 
by the end of the first trimester. The diameter of yolk sac 
can be used to identify abnormal pregnancies(7).

Gestational sac
Beta HCG = 3500 mUI/ml

Embryo
Beta HCG = 18,000 mUI/ml

Yolk sac
Beta HCG = 10,000 mUI/ml

Cardiac activity
Beta HCG = 23,000 mUI/ml

Crown-rump length
Beta HCG = 30,000 mUI/ml

4-4.5 weeks 
of amenorrhea

6-6.5 weeks 
of amenorrhea

7 weeks 
of amenorrhea

5 weeks 
of amenorrhea

5-6 weeks 
of amenorrhea

Figure 8. Ultrasonographic elements in correlation with hCG values and gestational age

Figure 9. Pregnancy between 7 and 8 weeks of 
gestational age. Imagine 3D Static, Surface mode. 
Source: Personal collection of dr. R. Bohîlțea 

Figure 10. Pregnancy of 8 weeks + 5 days of gestational 
age. Imagine 3D Static, Surface mode. Source: Personal 
collection of dr. R. Bohîlțea 

Figure 11. Pregnancy of 9 weeks + 3 days gestational 
age. 3D Static Imagining, Surface mode.  
Source: Personal collection of dr. R. Bohîlțea
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The embryonic disk is visible from 1 to 2 mm, which 
corresponds to a gestational age of 5 to 6 weeks. As the 
pregnancy progresses, the gestational sac and yolk sac 
lose their accuracy for estimating gestational age. Be-
tween the 6th and the 10th weeks of pregnancy, the am-
niotic sac follows the embryonic development (Figures 
7 and 8)(7). When the embryo reaches at least 5 mm, 
the cardiac activity can be seen using transvaginal 

ultrasonography. The presence of cardiac activity after 6 
weeks is a central element in establishing if a pregnancy 
is viable or nonviable. The heart rate increases quickly 
from 100 beats per minute at 6 weeks of gestation to 
145-170 beats per minute at 8 weeks and to180 beats per 
minute at 10 weeks, after that it decreases and plateaus 
at an average of 140 beats per minute(7).

From the 7th week of pregnancy, the most useful meas-
urement to assess the gestational age is the crown rump 
length (CRL). It is used to evaluate the development of 
the embryo and to correct the gestational age if there is 
a gap of more than 5 days between the last menstrual 
period and CRL before 9 weeks and a gap of more than 
7 days between 9 to 14 weeks (Figures 9-14)(9).

First-trimester fetal growth delay
The early fetal growth delay was observed to be pre-

dictive of subsequent adverse perinatal outcomes. Em-
bryos usually grow by 1 mm per week between the 6th 
and the 9th weeks of gestation. As such, a lag in CRL 
growth during the first trimester is suggesting a delay 
rather than an incorrect dating of the pregnancy(10).

Possible etiologies (Table 3) for the delay could be ane-
uploidy, congenital anomalies (Figure 15), suboptimal 
uterine environment or constitutional factors. Studies 
found out that a CRL deficit is associated with a high 
risk of failed pregnancy, preterm or low birth weight 
and with a high cardiovascular risk(10).

If present, first-trimester fetal growth delay is an 
indication for an early survey of fetal anatomy. The 
further assessment of fetal anatomy should be per-
formed between the 18th and the 20th weeks, or earlier 
if possible(10).

Figure 14. Pregnancy of 12.5 weeks of gestational 
age. Imagine 3D Static, Surface mode. Source: Personal 
collection of dr. R. Bohîlțea 

Figure 12. Pregnancy of 10 weeks + 1 day of gestational 
age. Imagine 3D Static, Surface mode. Source: Personal 
collection of dr. R. Bohîlțea 

Figure 13. Pregnancy of 11 weeks + 1 day of gestational 
age. Imagine 3D Static, Surface mode. Source: Personal 
collection of dr. R. Bohîlțea 

obstetrics
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Figure 15. Early ultrasound aspect of a genetic syndrome. 2D transvaginal ultrasound. Source: Personal collection  
of dr. R. Bohîlțea 

Table 3
Anomalies that can be diagnosed in early pregnancy using ultrasonography.  
Source: Mastrobattista JM, Levine D. Diagnosis and outcome of first-trimester growth delay(9)

Anomalies that can be diagnosed in early pregnancy using ultrasonography

Anencephaly

Holoprosencephaly

Encephalocele

Cantrell pentalogy (defects involving the diaphragm, abdominal wall, pericardium, heart and lower sternum)

Omphalocele

Gastroschisis

Cystic hygroma

Hydrops

Conclusions
It is necessary to create and promulgate widely guide-

lines for practitioners involved in the diagnosis and 
management of problems in early pregnancy, in order 
to improve patient care and reduce the risk of inadvert-
ent harm to potentially normal pregnancies.

Higher rates of caesarean section births and more fre-
quent conservative uterine surgeries led to an increase 
in invasive pregnancies on the resulting scars. If diag-
nosed early, not only it is treatable at lower costs and 
without consequences, but it reduces costs and, more 
importantly, the morbidity and mortality.

Recent studies have introduced a series of criteria 
based on fetal measurements and laboratory tests that, 
used together, have a very high specificity and sensibil-
ity which minimize the risk of false-positive results.   n
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