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ABSTRACT

OBJECTIVE: To determine the accuracy with which a single progesterone measurement in 
early pregnancy discriminates between viable and non-viable pregnancy.

DESIGN: Systematic review and meta-analysis of diagnostic accuracy studies.
Data sources Medline, Embase, CINAHL, Web of Science, ProQuest, Conference Proceedings 
Citation Index, and the Cochrane Library from inception until April 2012, plus reference lists 
of relevant studies.

STUDY SELECTION: Studies were selected on the basis of participants (women with 
spontaneous pregnancy of less than 14 weeks of gestation); test (single serum progesterone 
measurement); outcome (viable intrauterine pregnancy, miscarriage, or ectopic pregnancy) 
diagnosed on the basis of combinations of pregnancy test, ultrasound scan, laparoscopy, 
and histological examination; design (cohort studies of test accuracy); and sufficient data 
being reported.

RESULTS: 26 cohort studies, including 9,436 pregnant women, were included, consisting 
of 7 studies in women with symptoms and inconclusive ultrasound assessment and 19 
studies in women with symptoms alone. Among women with symptoms and inconclusive 
ultrasound assessments, the progesterone test (5 studies with 1,998 participants and cut-
off values from 3.2 to 6 ng/mL) predicted a non-viable pregnancy with pooled sensitivity of 
74.6% (95% CI: 50.6%-89.4%), specificity of 98.4% (95% CI: 90.9%-99.7%), positive likelihood 
ratio of 45 (95% CI: 7.1-289), and negative likelihood ratio of 0.26 (95% CI:0.12-0.57). The 
median prevalence of a non-viable pregnancy was 73.2%, and the probability of a non-viable 
pregnancy was raised to 99.2% if the progesterone was low. For women with symptoms 
alone, the progesterone test had a higher specificity when a threshold of 10 ng/mL was 
used (9 studies with 4689 participants) and predicted a non-viable pregnancy with pooled 
sensitivity of 66.5% (95% CI: 53.6%-77.4%), specificity of 96.3% (95% CI: 91.1%-98.5%), 
positive likelihood ratio of 18 (95% CI: 7.2-45), and negative likelihood ratio of 0.35 (95% 
CI: 0.24-0.50). The probability of a non-viable pregnancy was raised from 62.9% to 96.8%.

CONCLUSION: A single progesterone measurement for women in early pregnancy 
presenting with bleeding or pain and inconclusive ultrasound assessments can trule out a 
viable pregnancy.
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INTRODUCTION

Vaginal bleeding and abdominal pain are the most common causes of consultation in early 
pregnancy; 30% of women will experience pain or bleeding in their first trimester (1). These 
symptoms lead to anxiety and can be the first signs of a possible miscarriage or an ectopic 
pregnancy. Miscarriage occurs in 10-20% of all recognised pregnancies, and the prevalence 
of ectopic pregnancies in the United Kingdom is 1.6%, which is raised to 3% in women with 
symptoms (2-4). Most women seeking medical advice have a transvaginal ultrasound scan 
to confirm a viable pregnancy, a miscarriage, or an ectopic pregnancy. However, even with 
expert use of transvaginal ultrasound, confirming if a pregnancy is intrauterine or extra 
uterine may not be possible in 8-31% of cases at the first visit (5). An observational study 
of pregnancies with inconclusive ultrasound results has shown that 50% spontaneously 
resolve (decreasing concentrations of β human chorionic gonadotrophin (β-hCG)), 27% 
are subsequently diagnosed as viable, and 14% are diagnosed as ectopic pregnancies (6). 
The high incidence of miscarriages and ectopic pregnancies in women with inconclusive 
ultrasound results warrants further tests to reach a diagnosis. Measurement of serum 
β-hCG can be useful, but often more than one β-hCG measurements is needed to make a 
diagnosis (7).
Serum progesterone has been proposed as a useful test to distinguish a viable pregnancy 
from a miscarriage or ectopic pregnancy (8). Low progesterone values are associated with 
miscarriages and ectopic pregnancies, both considered non-viable pregnancies, and high 
progesterone concentrations with viable pregnancies (8). Knowledge about the diagnostic 
accuracy of a single serum progesterone measurement to determine the viability of the 
pregnancy may accelerate diagnosis, avoiding further tests and unnecessary interventions, 
and improve outcomes. National recommendations refrain from defining how this test 
should be used in diagnostic algorithms (8). The reason for this is that clinical practice is 
informed by individual small studies with unstable inferences and conflicting results on the 
accuracy of a single serum progesterone measurement in determining the viability of the 
pregnancy (5, 6, 8). A meta-analysis in 1998 did not take into account the recent widespread 
use of transvaginal ultrasound, which may improve the accuracy of this test (9). The aim of 
our review was to evaluate the accuracy of a single progesterone measurement, by a meta-
analysis of diagnostic accuracy studies, to predict pregnancy outcome in women with pain 
or bleeding in early pregnancy with or without an inconclusive ultrasound diagnosis.

METHODS

Literature search

We did a comprehensive literature search to identify studies with a population of women 
with spontaneous pregnancy of less than 14 weeks of gestation, in which the single 
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serum progesterone measurement was used to predict the outcome of pregnancy (viable 
intrauterine pregnancy, miscarriage, or ectopic pregnancy). The databases searched 
included Medline, Embase, CINAHL, and the Cochrane Library from inception to April 
2012. We searched Medline, Embase and CINAHL by a combination of the keywords for 
the test (progestor*) and outcomes of interest (“ectopic pregnancy”, “tubal pregnancy”, 
“viab* pregnancy”, “failing pregnancy”, “miscarr*”, and “abort*”) with their associated 
medical subject and Emtree headings. We searched the Cochrane Library with the keywords 
“progesterone” and “pregnancy”. We placed no filters or language restrictions to ensure 
maximal sensitivity of the searches. We also checked the reference sections of all selected 
articles for relevant papers.

Study selection

We selected the studies in two rounds: firstly, on title and abstract, independently by two 
reviewers (IDG and MA); secondly, on full text, also independently by two reviewers (JV and 
NM), against pre-specified criteria. We selected studies that assessed diagnostic accuracy 
or derived prediction rules. We excluded case-control studies, narrative reviews, letters, 
editorials, comments, and case series. We used systematic reviews and meta-analyses 
only as a source of references. Studies needed to include women with spontaneous early 
pregnancy to be eligible for the review. We excluded studies including women who had 
conceived after treatment to induce ovulation, who had had progesterone supplementation 
or in vitro fertilisation, as well as studies that included women above a gestational age of 
14 weeks. The index test was a single measurement of serum progesterone. We excluded 
studies that did not report a cut-off value for progesterone but reported results only by high 
or low progesterone.

Data extraction and quality assessment

Two reviewers (JV and NM) extracted data, and a third reviewer (IDG) checked the data. 
From the relevant articles, we extracted information on study design, inclusion and 
exclusion criteria, population (asymptomatic women/women with symptoms, women 
with inconclusive transvaginal ultrasound results), details of progesterone test (assay, cut-
off value), details of other tests (β-hCG, transvaginal ultrasound), details about pregnancy 
outcomes (description, diagnostic methods), flow of patients, and two by two tables for 
pregnancy outcomes according to progesterone test. One reviewer (JV) assessed included 
studies for methodological quality, and two reviewers (MA and NM) checked them. We 
assessed the quality of studies by using an outlined component approach for diagnostic 
accuracy studies (QUADAS) (10). The reference standard for our included studies was the 
pregnancy outcome as defined during follow-up in the original studies. For this reason, we 
omitted one item on the time period from index test to reference standard, as the reference 
standard diagnosis is normally reached within hours or days virtually eliminating possible 
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delayed verification bias from all studies. We grouped studies according to whether women 
presented with pain or bleeding and inconclusive ultrasound examination or with symptoms 
alone.

Data synthesis and analysis

We plotted individual studies’ estimates of sensitivities and specificities on summary receiver 
operating characteristics space and forest plots for visual examination of heterogeneity. We 
used the SAS statistical package to meta-analyse a pair of sensitivity and specificity from 
each included study by using the hierarchical summary receiver operating characteristics 
approach (11, 12). This approach estimates the position and shape of the summary receiver 
operating characteristics curve and takes into account both within and between study 
variations. Many studies reported progesterone concentrations in ng/mL, so we converted 
those in nmol/L to ng/mL. To generate a summary receiver operating characteristics curve 
using all available studies for each meta-analysis, where more than one cut-off value was 
reported in a study we chose the two by two table for the lowest cut-off value because 
lower cut-offs were more widely reported in included studies. When all the parameters of 
the hierarchical summary receiver operating characteristics model could not be estimated 
owing to a limited number of studies, we simplified it by assuming a symmetrical shape for 
the curve. We considered methods that allow joint synthesis of sensitivities and specificities 
at multiple thresholds, but none was appropriate because most studies reported sensitivity 
and specificity at a single threshold (13-15). For meta-analysis of studies that used the same 
or similar cut-off values, we used parameter estimates from the models to derive summary 
operating points (that is, summary sensitivities and specificities), with 95% confidence 
regions, and summary likelihood ratios. We calculated post-test probabilities by using the 
summary likelihood ratios and the median prevalence values with their ranges as the pre-
test probabilities.

RESULTS

Literature identification and study quality

Figure 1 shows the literature search and study selection process. We identified 4,338 
citations; we obtained 203 articles for full text evaluation and identified another five studies 
through manual checking of reference lists. We contacted 20 authors of 25 different studies 
for additional data. Five authors replied to our emails, but only one of these authors could 
provide us with additional information. Overall, 26 studies were eligible for inclusion, with 
a total of 9,436 participants. Nineteen studies included women with pain or bleeding 
alone, (16-33) and seven studies included women with pain or bleeding and inconclusive 
ultrasound diagnosis (34-40). Table 1 shows the characteristics of the included studies. 
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Figure 2 shows the results of the quality assessment. Most of the studies of women with 
pain or bleeding with inconclusive ultrasound examination were of high quality; all seven 
studies included participants representative of the population of interest and contained 
adequate details about the index and reference standard tests. For pregnancies that 
resolved spontaneously, two studies did not investigate further to differentiate between a 
miscarriage and an ectopic pregnancy (34, 35). None of these seven studies adopted blinding 
for the reference standard results. The studies including women with pain or bleeding alone 
(without ultrasound scan) were of intermediate quality, and potential biases were difficult 
to exclude because of poor reporting of the primary studies. Progesterone assays used in 
the primary studies were found to be comparable and all were included. The insufficient 
reporting along with the limited number of studies prevented us from evaluating the effect 
of potential sources of heterogeneity.

Figure 1. Flow chart of study selection.

Total cita�ons iden�fied from electronic searches
Medline: 2155
Embase: 2183

Manual checking: 5
n = 4343

Ar�cles retrieved for detailed evalua�on
(full text, if available): 

From electronic searches: 203
From reference lists or cita�on links: 5

n = 208

Ar�cles included in meta-analysis:
n = 26

*Three studies by Stovall et al reported same pa�ents as 
   study by McCord et al.

Ar�cles excluded a�er review of full text
Inappropriate popula�on: 38
Data not extractable, relevant informa�on
missing (for example, 2x2 table): 75
Lack of original data (duplicates*/reviews/ le�ers): 24
Screening test not progesterone test: 18
Full text not available: 6
Case-control studies: 21
n = 182

Cita�ons excluded a�er screening �tle and/or abstracts
n = 4135

Women with pain and/or bleeding alone
and inconclusive ultrasound

n = 7

Women with pain and/or
bleeding alone

n = 19
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Progesterone test in women with pain or bleeding and inconclusive ultrasound

Seven prospective cohort studies, including 2,379 women, in women with pain or bleeding 
and inconclusive ultrasound diagnosis evaluated the diagnostic accuracy of the single serum 
progesterone measurement to predict the possibility of a viable pregnancy, miscarriage, or 
ectopic pregnancy. The thresholds of progesterone used ranged from 3.2 to 11 ng/mL (10 to 
35 nmol/L); the most commonly used threshold was 5 ng/mL (16 nmol/L), which was used in 
three studies (34, 37, 38). Figures 3 and 4 show the estimated sensitivities and specificities 
when using the single progesterone measurement test for differentiating between viable 
and non-viable pregnancies, which includes both miscarriages and ectopic pregnancies. 

Figure 2. Cumulative bar plot of methodological quality items across studies including women with 
pain or bleeding and inconclusive ultrasound (top) and women with pain or bleeding alone (bottom).
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After meta-analysis of five studies (1,998 participants) with similar cut-off values (3.2 to 
6 ng/mL) (34-38), we found that a single progesterone measurement predicted a non-
viable pregnancy with pooled sensitivity of 74.6% (95% CI: 50.6%-89.4%), specificity of 
98.4% (95% CI: 90.9%-99.7%), positive likelihood ratio of 45 (95% CI: 7.1-289), and negative 
likelihood ratio of 0.26 (95% CI: 0.12-0.57). In the studies included in this meta-analysis, the 
median prevalence of a non-viable pregnancy was 73.2%. However, if progesterone was 
lower than the cut-off value (3.2 to 6 ng/mL), the probability of a non-viable pregnancy was 

Figure 4. Summary receiver operating 
characteristics plot of progesterone 
test at cut-off values between 3.2 and 
6.4 ng/mL used to identify non-viable 
pregnancies in women with pain or 
bleeding and inconclusive ultrasound 
assessment. 
black dot=summary sensitivity and specificity; 

dotted region around it=95% confidence region

Figure 3. Forest plot of study results of progesterone test in women with pain or bleeding and 
inconclusive ultrasound assessment grouped according to outcome.
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99.2% compared with 44.8% if progesterone was higher. The progesterone test had a very 
poor predictive accuracy for diagnosing ectopic pregnancy, for which a low progesterone 
concentration did not rule in or out an ectopic pregnancy (Table 1).

Progesterone test in women with pain or bleeding alone

Nineteen cohort studies, including 7,057 women, evaluated the diagnostic accuracy of the 
single serum progesterone measurement to predict pregnancy outcomes in women with pain 
or bleeding alone. Table 1 shows the pooled diagnostic accuracy estimates for identifying 
women with non-viable pregnancies with the most commonly reported thresholds, and 
figure 5 shows the estimates separately for each study according to available cut-off values. 
For women with symptoms alone, the progesterone test had a higher specificity using a 
threshold of 10 ng/mL (nine studies with 4,689 participants (18,20,21,24,26,29-32), rather 
than higher thresholds at 15 and 20 ng/mL, and predicted a non-viable pregnancy with 

Figure 5. Forest plot of study results of progesterone test at various cut-off values used to identify 
non-viable pregnancies in women with pain or bleeding alone.
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pooled sensitivity of 66.5% (95% CI: 53.6%-77.4%), specificity of 96.3% (95% CI: 91.1%-
98.5%), positive likelihood ratio of 18 (95% CI: 7.2-45), and negative likelihood ratio of 
0.35 (95% CI: 0.24-0.50). The median prevalence of a non-viable pregnancy in the studies 
included in this analysis was 62.9%; this was raised to 96.8% if the progesterone was lower 
than 10 ng/mL compared with a 37.2% probability if the progesterone was higher.
Figure 6. shows summary receiver operating characteristics curves for commonly reported 
cut-off values and a curve of all studies at a selected threshold for each study. This shows that 
for higher thresholds the specificity is lower with generally higher sensitivity. Specifically, 
with a threshold of 15 ng/mL (nine studies with 5,128 participants (20,22- 25, 27,28,31,32)) 
this test predicted a non-viable pregnancy with pooled sensitivity of 83.3% (95% CI: 66.6%-
92.6%), specificity of 87.5% (95% CI: 78.5%-93.1%), positive likelihood ratio of 6.7 (95% 
CI: 3.8-12), and negative likelihood ratio of 0.35 (95% CI: 0.10-0.50); with a threshold of 
20 ng/mL (eight studies with 4,348 participants (17,20,21,23 24,26,29,31)) it predicted a 
non-viable pregnancy with pooled sensitivity of 85.7% (95% CI: 72.3%-93.2%), specificity of 
66.6% (95% CI: 47%-91.8%), positive likelihood ratio of 2.6 (95% CI: 1.5-4.5), and negative 
likelihood ratio of 0.22 (95% CI: 0.10-0.47).

Figure 6. Summary receiver operating characteristics plot of progesterone test at different cut-off 
values used to identify non-viable pregnancies in women with pain or bleeding alone. 
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Table 1. Study characteristics

Prospective Cohort studies

Women with pain or bleeding alone

Study (year) Population Progesterone test Outcome

Buckley, 2000 N= 727, ED
Women < 13 weeks pregnant 
with abdominal pain or vaginal 
bleeding
Exclusion: prior documentation of 
IUP, haemodynamically unstable, 
incomplete data

Progesterone ordered 
at the discretion of 
attending emergency 
physician. 
Cut-off 22 ng/mL

Viable IUP n= 434
Intrauterine sac with embryo and cardiac 
activity on US
Non-viable IUP n=229
Histology after D&C, β-hCG decreasing < 5 
IU/L with resolution of symptoms, no fetal 
heart beat on US with decreasing β-hCG 
levels
Ectopic pregnancy n=52
Laparoscopy, empty uterine cavity on US 
with adnexal mass with peritoneal fluid, 
andexal ring or adnexal sac
Lost to follow-up= 12 

Camejo, 2003 N=39, hospital
Women 5-7 weeks pregnant with 
threatened abortion or normal 
pregnant patients 

The levels of serum 
progesterone were 
measured in duplicate 
samples utilizing RIA.
Cut-offs 20, 40 ng/mL

Viable IUP n=27
Delivery of a living infant
Non-viable IUP=12
Spontaneous abortion

Dart, 1998 N=96, ED
Women with abdominal pain 
or vaginal bleeding and a 
quantitative β-hCGs < 1000 mIU/
mL. 
Exclusion: status-post D&E 
procedure, methotrexaat therapy 
for suspected EP, inadequate 
serum remaining to perform a 
quantitative progesterone level

Blinded quantitative 
progesterone analysis.
Cut-off 5 ng/mL

Viable IUP n=12
Term pregnancy, IUP with fetal heart beat 
Non-viable IUP n=67
1.falling quantitative β-hCG values, 
abnormal pregnancy at TVS and chorionic 
villi at pathology after a D&E Procedure.
2. no villi after D&E and either a negative 
laparoscopy, or quantitative β-hCG 
values that fell to zero without further 
intervention
3.β-hCG values that fell to zero without 
intervention.
Ectopic pregnancy n=9
Laparoscopy, or in those who were 
medically managed with methotrexaat; 
1.TVS findings suggestive or diagnostic of 
an EP in whom the diagnosis of an IUP has 
been excluded (D&E without villi, β-hCG 
>3,000 mIU/mL without an intrauterine 
sac by TVS 
2.rising β-hCG values and no villi at 
pathology after D&E. 
Lost to follow-up=8

Hubinont, 1987 N=662
Women <8 weeks pregnant with 
threatened abortion 

Cut-off 15 ng/mL
Further details not 
reported.

Viable IUP n=578
Non-viable IUP n=72
Non-viable pregnancies included abortion 
(n=62) and blighted egg (n=10)
Ectopic pregnancy n=11
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Table 1. (Continued)

Study (year) Population Progesterone test Outcome

Mesrogli, 1988 N=142, hospital
Women 5-8 weeks pregnant with 
typical symptoms suspicious 
for EP

Serum progesterone 
was measured by RIA.
Cut-off 15 ng/mL

Viable IUP n=39
Non-viable IUP n=33
Ectopic pregnancy n=70
TVS, laparoscopy

O’Leary, 1996 N=118, ED
Women 4-12 weeks pregnant 
with symptoms of abnormal 
pregnancy  
Exclusion: progesterone support, 
incomplete diagnosis 

Blinded progesterone 
analysis 
Cut-offs 10, 20 ng/mL

Viable IUP n=47
Non-viable IUP n=39 
Compromising of incomplete abortion, 
spontaneous abortion or failed intrauterine 
pregnancies. Diagnoses were confirmed by 
histopathology. Ectopic pregnancy n=24
laparoscopic salpingostomy, histopathology
Lost to follow-up= 8

Witt, 1990 N=104, hospital
Women <11 weeks pregnant with 
threatening symptoms defined as 
vaginal bleeding 
Exclusion: Molar pregnancies, 
ovulation induction

Blood was obtained 
from an antecubital 
vein after patients had 
given informed consent.
All assays were run in 
duplicate by RIA. 
Cut-off 10 ng/mL

Viable IUP n=30
Pregnancies continued > 14 weeks 
Non-viable IUP n=42
Spontaneous abortion
Ectopic pregnancy n=32

Yeko, 1987 N=70, ED
Inclusion: Suspected EP

Serum was obtained at 
the ED for progesterone 
measurement by RIA. 
Cut-off 15 ng/mL

Viable IUP n=24
Intrauterine cardiac activity on US
Non-viable IUP n=18
Spontaneous abortion or failing serial 
β-hCG values with chorionic villi found at 
D&C. 
Ectopic pregnancy n=28
Laparoscopy

Retrospective Cohort studies

Women with pain or bleeding alone

Choe, 1992 N= 194, hospital
Women <11 weeks pregnant 
suspected of EP or abnormal IUP.
Exclusion: progesterone 
supplementation , ovulation 
induction

Specimens were stored 
at -20°C until assayed 
by RIA.
Cut-off 8 ng/mL

Viable IUP n=72
Intrauterine fetal heart activity on US
Non-viable IUP n=91
Spontaneous abortion verified 
histologically
Ectopic pregnancy n=31
Surgery

Gelder, 1991 N=121, hospital
Women 5-10 weeks pregnant 
with two successive serum β-hCG 
determinations <2 weeks 
Exclusion: progesterone support, 
ovulation induction

The progesterone 
assays were performed 
with a solid-phase RIA.
Cut-offs 10, 15 and 20 
ng/mL

Viable IUP n=54
Non-viable IUP n=26
Early spontaneous abortions, missed 
abortions, or blighted ova 
Ectopic pregnancy n=41

Grosskinsky, 
1993

N=95, hospital
Women suspected of EP 
or abnormal pregnancy 
with quantitative β-hCG 
determinations
Exclusion: infertility and oncology 
patients, no clinical outcome 
reported 

Serum samples had 
been stored at-20 ° 
C, were assayed for 
progesterone with 
enhanced luminescence 
immunoassays.
Cut-offs 10, 20 ng/mL

Viable IUP n=30
Non-viable IUP n=54
Spontaneous abortion
Ectopic pregnancy n=11
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Kratzer, 1990 N=70, hospital
Women <10 weeks pregnant 
with signs and symptoms 
suspicious for EP and conceived 
spontaneously 
Exclusion: progesterone support

Sera were subsequently 
stored at -20°C and 
evaluated with RIA.
Cut-offs 15, 20 ng/mL

Viable IUP n=21
Follow-up until at least midgestation
Non-viable IUP n=14
Spontaneous abortion 
Ectopic pregnancy n=35
Surgery

Mc Cord, 1996 N=3674, ED
Women <14 weeks pregnant at 
risk for EP

Progesterone 
concentrations were 
measured by direct RIA.
Cut-offs 5, 10, 15, 20, 
25 ng/mL

Viable IUP n=1426
β-hCG ≥ 5000 mIU/mL , progesterone ≥ 25 
ng/mL or delivery
Non-viable IUP n=1838
Spontaneous abortion 
Ectopic pregnancy n=410
D&C

Perkins, 2000 N=137, ED 
Women 5-12 weeks pregnant 
suspected of EP or non-viable IUP
Exclusion: infertility treatment 

Blood samples were 
drawn by using 
standard phlebotomy 
techniques. Samples 
were analysed by 
microparticle enzyme 
immunoassay using 
the manufacturer’s 
reagents.
Cut-off 14.15 ng/mL

Viable IUP n=40
Non-viable pregnancies n=97
EP (n=25) and spontaneous abortion 
(n=72)

Peterson, 1992 N=79, ED
Women 4-12 weeks pregnant 
with abdominal pain and 
abnormal uterine bleeding, 
TVS was obtained when β-hCG 
failed to rise ≥ 66%, a mass was 
palpated or marked abdominal 
tenderness was noted
Exclusion: ovulation induction 

Serum progesterone 
levels were performed 
in the samples by RIA.
Cut-off 15 ng/mL

Viable IUP=16
Term pregnancy, delivery of normal infant 
Non-viable pregnancies n= 63
EP (n=42) and inevitable abortions (n=21)

Sauer, 1989 N=65, hospital
Women 5-12 weeks pregnant 
suspected of EP

Serum samples were 
obtained and stored at 
-20°C until assayed for 
progesterone in single 
RIAs.
cut-offs 10, 20 ng/mL

Viable IUP n=21
Cardiac activity on US 
Non-viable IUP n=17
Missed or spontaneous abortion
Ectopic pregnancy n=27
Surgery

Takahashi, 1993 N=152, hospital
Women with threatened abortion 
< 7 weeks and a gestation sac 
confirmed by TVS 
Exclusion: progesterone support

Blood samples from an 
antecubital vein were 
obtained at the time of 
diagnosis, immediately 
centrifuged and stored 
at -30°C until analysed 
by RIA. 
Cut-off 10 ng/mL

Viable IUP n=80
Non-viable IUP n=72
Spontaneous abortion

Williams, 1992 N=174, hospital
Women 4-9 weeks pregnant 
suspected of an abnormal 
pregnancy and a positive β-hCG

Serum samples were 
kept frozen until 
collectively assayed for 
progesterone using a 
solid phase RIA.
Cut-offs 5,10,15 and 20 
ng/mL

Viable IUP n=49
Non-viable IUP n=74
Ectopic pregnancy n=51
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Table 1. (Continued)

Prospective Cohort studies
Women with pain or bleeding and inconclusive scan

Study (year) Population Progesterone test Outcome

Banerjee, 1999 N=127, EPAU
Women with a positive urine 
pregnancy test and no evidence 
of IUP or EP on TVS with all 
β-hCG values
Exclusion: early pregnancy 
sac-like structure within the 
uterine cavity, adnexal mass 
suspicious for EP, clinically 
unstable, indirect signs of a 
specific pregnancy location (e.g. 
hematoperitoneum), products 
of conception visualised on 
speculum examination.

Progesterone levels 
measured by RIA.
Cut-off 3.2 ng/mL

Viable IUP= 34
Live embryo with intrauterine sac on US
Non-viable IUP=75
Miscarriage diagnosed by histology or US
Ectopic pregnancy=18
Surgery , US

Dart, 2002 N=105, ED
Women <12 weeks pregnant 
with abdominal pain or vaginal 
bleeding, a positive β-hCG 
test and progesterone assays 
obtained the day of the ED visit 
and a empty uterus on TVS with 
β-hCG < 3000 IU/L 
Exclusion: lost to follow-up 

Progesterone assays 
were measured by 
using a competitive 
immunoassay.
Cut-off 5 ng/mL

Viable IUP= 14
IUP with fetal heartbeat on US, delivery of 
viable fetus
Non-viable IUP=64
Falling β-hCG with chorionic villi at D&E, 
absence of chorionic villi after D&E 
with β-hCG that fall to zeru without 
intervention, β-hCG that fall to zero, falling 
β-hCG with no EP at laparoscopy
Ectopic pregnancy=21
EP at laparoscopy, US, rising β-hCG with no 
chorionic villi after D&E
Lost to follow-up=6

Day, 2009 N=1110, EPAU
Women suspected of early 
pregnancy complications, a 
positive urine pregnancy test, 
a pregnancy that cannot be 
identified on US and with β-hCG 
< 1000 IU/L values
Exclusion: early pregnancy 
sac-like structure within the 
uterine cavity, andnexal mass 
suspicious for EP, clinically 
unstable, indirect signs of a 
specific pregnancy location (e.g. 
hematoperitoneum), products 
of conception visualised on 
speculum examination.

Cut-off 6 ng/mL Viable IUP= 248
Live embryo with intrauterine sac on scan
Non-viable IUP=777
Miscarriage (n=128): empty sac >20 mm or 
sac with embryonic pole >10 mm with no 
visible heart action on scan
Resolving pregnancy (n=649): β-hCG 
<25 IU/L or negative pregnancy test on 
follow-up
Ectopic pregnancy=85
Pelvic swelling with morphological features 
on scan
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El Bishry, 2008 N=126, hospital
Women with signs and symptoms 
suspicious of EP, an inconclusive 
scan and with all β-hCG values 
Exclusion: confirmation of an 
intrauterine gestational sac/fetal 
pole on US

Progesterone was 
measured by RIA.
Cut-offs 5, 25 ng/mL

Viable IUP= 35
US
Non-viable IUP=55
Miscarriages, progesterone < 5ng/mL and 
β-hCG > 25 IU/L and negative pregnancy 
test
Ectopic pregnancy=36
Rising β-hCG values, laparoscopy

Florio, 2007 N=536, hospital
Women 6-7 weeks pregnant with 
no clear US evidence of an IUP 
who conceived spontaneously 
and with all β-hCG values
Exclusion: early pregnancy-like 
structure within the uterine 
cavity, adnexal mass suspicious 
for EP, clinically unstable, indirect 
signs of a specific pregnancy, 
products of conception visualised 
on speculum examination, 
progesterone supplementation

Samples were collected 
at the initial visit, 
without knowledge of 
pregnancy outcomes. 
Cut-offs 5, 10 and 25 
ng/mL

Viable IUP= 155
Intrauterine gestational sac on US with live 
embryo
Non-viable IUP=305
Histologically after surgical evacuation
Ectopic pregnancy=76
Laparoscopy, histological examination of 
the surgical specimens

Hahlin, 1991 N=307, hospital
Women with symptoms or 
anamnestic risk factors suspicious 
for EP and were clinical 
examination including TVS, failed 
to give a clear diagnosis and with 
β-hCG 100- 4000 IU/L values
Exclusion: ovulation induction

Blood samples were 
obtained from one of 
the antecubital veins 
and centrifuged at 900x 
g for 10 minutes. The 
serum was stored at -20 
°C until analysed
Cut-off 9.4 ng/mL

Viable IUP= 73
Normal fetal development with heart 
activity on TVS
Non-viable IUP=75
Histologically after D&C
Ectopic pregnancy=159
Laparoscopy, histology

Valley, 1998 N=68, ED
Women < 8 weeks pregnant, 
aged ≥ 18 years in combination 
with pelvic or abdominal pain, 
vaginal bleeding, orthostasis, 
adnexal mass or tenderness or 
historical risk factors for EP with 
no specific β-hCG cut-off
Exclusion: Hypotensive or 
clinically unstable, incomplete 
laboratory data or lack of clinical 
follow-up 

Progesterone measured 
by RIA.
Cut-off 11 ng/mL

Viable IUP= 11
US, delivery
Non-viable IUP=32
Spontaneous abortion confirmed by 
histology
Ectopic pregnancy=25
Surgery

OPD=outpatient department; ED= emergency department; EPAU= early pregnancy assessment unit; EP=ectopic pregnancy; 
US=ultrasound; TVS=transvaginal sonogram; RIA=radio immunoassay,; IUP=intrauterine pregnancy; D&E=dilatation and 
evacuation; D&C=dilatation and curettage
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In the McCord 1996 study, 2,248 of 3,674 participants had non-viable pregnancies (24). This 
constitutes 78% of the number of participants with non-viable pregnancies in the analyses 
at 10 and 15 ng/mL cut-off values and 84% of the non-viable pregnancies in the analysis 
at 20 ng/mL. In a sensitivity analysis, the effect of removal of the study on the summary 
estimates at each cut-off value was negligible.

DISCUSSION

The meta-analysis shows that a single progesterone measurement is useful in predicting 
non-viable pregnancies in women with pain or bleeding when an ultrasound investigation 
proves to be inconclusive. A low concentration of progesterone (less than 3.2 to 6 ng/mL) 
in these women ruled out a viable pregnancy in 99.2% of women. However, the test cannot 
distinguish women with an ectopic pregnancy from those with an early normal pregnancy 
or a miscarriage and should not be used for this purpose. For women with symptoms but 
without an ultrasound investigation, it may also be a useful test but is less accurate for ruling 
out women with a normal viable pregnancy.

Strengths and weaknesses of study

The strengths of our study are that we did an extensive systematic search of electronic 
databases without language restrictions, which would have captured all existing good quality 
studies. The high number of included studies in our meta-analyses strengthens the power of 
our conclusions and enabled us to explore the diagnostic accuracy of the progesterone test 
for multiple cut-off values. The methodological quality of the studies included in the review 
was satisfactory, but some limitations of doing pragmatic studies in this clinical setting were 
highlighted. The classification of women according to their pregnancy outcome, which was 
used as the reference standard, is a problem for miscarriages and ectopic pregnancies as 
in many cases a firm diagnosis cannot be made. Even though the studies did not adopt a 
blinded assessment of the reference standard, which in our case was the final diagnosis, this 
is unlikely to have introduced bias when it comes to distinguishing between viable and non-
viable pregnancies, as viable pregnancies lead to a live birth and most of the studies had 
long enough follow-up to verify this outcome. The primary studies did not adjust for known 
confounding factors, such as the gestational age, but this could be explained by the high 
prevalence of non-viable pregnancies, in which changes in progesterone concentrations are 
poorly described compared with viable pregnancies (41). Assessment of quality was also 
hampered by unclear reporting in some studies. Poor reporting occurred in most of the 
studies in the description of the reference standard, reporting of uninterpretable results, 
and explanation of withdrawals from the study.
Many studies, especially for women with pain or bleeding who did not have an ultrasound 
assessment, had very different prevalences of pregnancy outcomes compared with 
more recent studies; this reflects the different clinical settings and populations that this 
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test evaluated. Despite the heterogeneity, all studies reported good predictive ability of 
the progesterone test to differentiate viable pregnancies from miscarriages and ectopic 
pregnancies, especially in women with pain or bleeding with inconclusive ultrasound results, 
in whom the chance of miscarriages or ectopic pregnancies is high. The test, therefore, has 
generalisability and may be applicable in clinical practice in a variety of settings.

Strengths and weaknesses in relation to other studies

The Royal College of Obstetricians and Gynaecologists’ guideline for early pregnancy suggests 
that the single serum progesterone measurement is a useful test to predict pregnancy 
outcome (8). It states that a threshold for serum progesterone of 20 nmol/L (about 6.2 ng/mL) 
has a sensitivity of 93% and specificity of 94% to predict a non-viable pregnancy in women 
with symptoms and inconclusive ultrasound but acknowledges that no discriminatory value 
for this test exists to confidently rule in or out a normal viable pregnancy. This conflicts with 
the findings in this meta-analysis, which is based also on the studies cited by this guideline 
(24, 34, 39). The existing evidence shows that specificity is higher (98.4%) and sensitivity 
lower (74.6%) using a cut-off value around 5 ng/mL. The findings of our study support 
those of a meta-analysis by Mol et al. in 1998, which focused on a single progesterone 
measurement to predict ectopic pregnancy (9). The results of that study showed that a 
single progesterone measurement was useful for predicting the viability of a pregnancy but 
not for discriminating between an ectopic and a non-ectopic pregnancy, and this agrees with 
our results. The clinically most relevant question of accuracy of progesterone in women with 
inconclusive ultrasound investigations, however, is not covered by Mol et al.

Meaning of study: implications for clinicians

The outcome of a pregnancy in women with pain or bleeding in early pregnancy cannot be 
determined clinically alone after inconclusive ultrasound assessments. In such situations, 
a chance exists of a normal viable pregnancy that may be too early to be detected on 
ultrasound; our review estimates the median prevalence of this to be 26.8%. Most women, 
however, have a non-viable pregnancy in the form of a miscarriage or an ectopic pregnancy. 
Serial serum β-hCG measurements are needed to differentiate between these outcomes in 
most diagnostic algorithms (7). Suboptimal rise in β-hCG (<66%) after 48 hours indicates that 
miscarriage or ectopic pregnancy is a possibility. However, a rise in suboptimal β-hCG may 
occur even in viable pregnancies in up to 19% of cases (7). Therefore, the β-hCG test should 
be complemented by another test to increase its diagnostic accuracy. Serum progesterone 
measurement is a non-invasive test that can be done at the same time that blood is drawn 
for β-hCG measurements. It is already in use in many early pregnancy assessment units, 
although the accuracy of the progesterone test and the interpretation of the measured 
concentrations are uncertain. This test could be added to the existing algorithms for 
evaluation of early pregnancy, and its effect should be evaluated through a randomised trial 
comparing algorithms with and without serum progesterone (42). Our review suggests that 
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a single serum progesterone measurement is more accurate when it follows an inconclusive 
ultrasound assessment; in women with pain or bleeding who did not have an ultrasound 
scan, the progesterone test was less accurate in predicting viability of a pregnancy.
In conclusion, this meta-analysis found that a single progesterone measurement for women 
in early pregnancy presenting with bleeding or pain and inconclusive ultrasound assessments 
can rule out a viable pregnancy.
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