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Ectopic pregnancy is an early pregnancy complication in which a fertilized ovum implants 
outside the uterine cavity. Implantation may occur anywhere along the reproductive tract 
with the most common implantation site being the fallopian tube. The incidence of ectopic 
pregnancy is ~1% of pregnant women, and may seriously compromise women’s health and 
future fertility (1). Currently, ectopic pregnancy can be often diagnosed before the woman’s 
condition has deteriorated, which has altered the former clinical picture of a life-threatening 
disease into a more benign condition in frequently asymptomatic women. 

Diagnosis of ectopic pregnancy

Towards the end of the 19th century the first diagnostic strategies for ectopic pregnancy were 
reported, occasionally with successful outcome for the women (2). The diagnosis ectopic 
pregnancy was based on criteria of gastric and mammary symptoms of pregnancy, cessation 
of the menstrual cycle, palpation of a tumor next to an enlarged uterus, ballottement in the 
tumor and purple discoloration of the vagina. At that time the pre-operative diagnosis of 
a ruptured ectopic pregnancy was false in about 20% of women, while the diagnosis of an 
unruptured ectopic pregnancy was virtually impossible (3).

Laparoscopy

The use of a laparoscope in the diagnosis of ectopic pregnancy was suggested in 1937 by 
Hope in the United States (4). The first use of this device was described in 1910 in patients 
with liver disease and ascites (5). It took the best part of the 20th century before technical 
development allowed the introduction of laparoscopy in general practice. It is said that the 
introduction of laparoscopy was hampered by some sceptical opinions on its success and 
safety being dependent on the experience of the surgeon (6). From the late 1960s onward, 
laparoscopy was more and more used in the diagnostic management of ectopic pregnancy. 
This technique solved the dilemma of prolonged clinical observation, the risk of performing 
an unnecessary laparotomy and resulted in an earlier diagnosis of ectopic pregnancy (7, 
8). Laparoscopy remained the most reliable method for diagnosing or excluding ectopic 
pregnancy until well into the 1980s.

Ultrasonography

Further technological progress led to the introduction of ultrasonography. Towards the 
end of the 1960s, ultrasonography was shown to improve the likeliness of an ectopic 
pregnancy in the absence of a visualised intra uterine pregnancy. Ultrasound diagnosis of 
ectopic pregnancy was hoped to be a non-invasive alternative for laparoscopy. The first large 
cohort study dates from 1980. In this study, performed between 1966 and 1976, women 
suspected of ectopic pregnancy were scanned with abdominal ultrasound. Data from 342 
women showed a moderate reliability with a sensitivity of 81% and specificity of 77% (9). 
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Technical developments enabled the construction of smaller ultrasound transducers 
compared to the older bulky type of probes, thus meeting the requirements for vaginal 
insertion. This strongly reduced the distance between the probe and its target area, thereby 
overcoming the limitations of the physical properties of high frequency ultrasound, i.e. the 
trade-off between better image resolution and diminished tissue penetration. From then on 
much smaller intrauterine and ectopic pregnancies could be visualised with the improved 
resolution of high frequency transvaginal inserted ultrasound probes (10).
Over the last decades, transvaginal ultrasound has become the first step in the diagnosis 
of ectopic pregnancy. Between 87% and 99% of tubal pregnancies can now be diagnosed 
reliably using transvaginal ultrasound. Sensitivity of transvaginal ultrasound as a single 
test in the diagnosis of ectopic pregnancy is 74% (95% CI: 65.1-81.6) with a specificity of 
99.9% (95% CI: 99.8-100) (11). Approximately 60% of ectopic pregnancies are seen as an 
inhomogeneous mass (‘‘blob sign’’) adjacent to the ovary, 20% appear as a hyperechoic ring 
(bagel sign) and 13% have an obvious gestational sac with a fetal pole, with or without fetal 
cardiac activity.
Nowadays, the ultrasound diagnosis of an ectopic pregnancy has changed to the positive 
identification of an adnexal mass rather than on the absence of an intrauterine gestational 
sac. Some experts state that transvaginal ultrasound is becoming the gold standard for 
diagnosing all types of ectopic pregnancies and that laparoscopy should only be seen as 
part of a therapeutic intervention (12).
Only a small proportion of women will have a positive pregnancy test and an inconclusive 
scan, e.g. no intrauterine or ectopic pregnancy or retained products of conception seen at 
transvaginal ultrasound. These women are categorised as a pregnancy of unknown location 
(PUL). This is a descriptive term rather than a pathologic entity.
 
Human Chorionic Gonadotropin

The third important element in the history of diagnosing ectopic pregnancy was 
measurement of concentrations of human chorionic gonadotropin (hCG). In the 1960s, 
the production of an immunologic test specific for the beta subunit of hCG in urine led 
to a clinical application of the pregnancy test. The sensitivity improved from 20,000 IU/L 
to 1,000 IU/L and the detection time up to five minutes which greatly attributed to its 
applicability in the diagnosis of early ectopic pregnancy (13). However these immunological 
urine pregnancy tests were still negative in around 20% of ectopic pregnancies. This was 
probably due to detection limits and to the fact that ectopic pregnancies have lower hCG 
levels compared to normal intra uterine pregnancies. The use of quantitative serum hCG 
concentrations in diagnosing ectopic pregnancies was introduced in 1973 by Kosasa et al. 
(14). They developed a radioimmunoassay that was capable of detecting serum hCG levels 
of 15 mIU/mL within 36 hours. Together with the improvement of the sensitivity of the 
serum hCG test and improvement in detection time up to one hour, the concept of serial 
hCG measurements was introduced based upon the observation that ectopic pregnancies 
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generally have a slower increase in serum hCG compared to normal intra uterine pregnancies 
which doubles in two days. In clinically stable women with a non-diagnostic ultrasound scan 
(pregnancy of unknown location) serial hCG measurements taken 48 hours apart showed 
that if the increase of hCG was less than 66% an ectopic pregnancy was more likely. In this 
strategy using serial hCG 13% of ectopic pregnancies would not have been diagnosed and 
15% of normal intra uterine pregnancies fell into the abnormal increase group (15).

Discriminatory Serum hCG Zone

The importance of combining ultrasound findings with serum hCG concentrations was 
first recognised by Kadar et al. (16), who introduced the concept of the discriminatory 
serum hCG zone in 1980. According to this concept, the diagnosis of ectopic pregnancy 
was most likely whenever an intrauterine pregnancy was not detectable by (abdominal) 
ultrasound at serum hCG concentrations above a threshold of 6,500 IU/L. However, the 
clinical value was limited since many women with ectopic pregnancies showed serum hCG 
concentrations well below 6,500 IU/L. The more sensitive and rapid serum hCG tests and 
the vaginal ultrasound probes with high resolution brought the optimal serum hCG cut-
off value of the discriminatory zone concept down to between 1,000 and 2,000 IU/L for 
women with inconclusive vaginal ultrasonographic findings. From a prospective diagnostic 
study including 354 women with suspected ectopic pregnancy and inconclusive transvaginal 
ultrasound findings the diagnosis ectopic pregnancy could be excluded with a specificity of 
86% for a cut off serum hCG below 1,000 IU/L and a specificity of 98% using a serum hCG 
cut off below 2,000 IU/L. The sensitivity using this discriminatory zone principle was rather 
low around 40% (17).

Serum Progesterone

Serum progesterone levels have long been considered as a diagnostic tool in conjunction 
with serum hCG concentrations (18). A meta-analysis dating from 1998, concluded that a 
single serum progesterone measurement can identify women at risk for ectopic pregnancy 
who need further evaluation, but that its discriminative capacity is insufficient to diagnose 
ectopic pregnancy with certainty based on data 26 studies (19). 

Diagnostic Algorithms

In women with PUL various diagnostic algorithms have become available integrating 
history, clinical examination, repeated transvaginal ultrasound, (repeated) serum hCG 
concentrations, serum progesterone concentration, and histology of an uterine curettage 
to predict the final location and viability of the early pregnancy (20-24). As an example, 
two diagnostic algorithms for clinical practice recommended by the national guidelines in 
the United States and the United Kingdom are shown in Figure 1 (25, 26). To date no 
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Figure 1. A) Diagnostic algorithm for ectopic pregnancy derived from ACOG Clinical Management 
Guideline, No. 94, June 2008 (25). B) Diagnostic algorithm for early pregnancy loss derived from 
RCOG Green Top Guideline, No. 25, October 2006 (26).
D&C: dilation and curettage. *Discriminatory Zone cut-off of 1,500-2,500 IU/L should be set by each institution based on 

that hospital’s success in correctly identifying ectopic pregnancies, based mostly on equipment used and expertise of the 

sonographers. **Abnormal rise or fall if the hCG does not fall 21%-35% in 2 days (depending on the initial value). ***Normal fall 

is a rapid decline in hCG value, consistent with a miscarriage that may

resolve spontaneously.
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prospective comparative studies have been performed to determine the best strategy. 
Serial hCG measurements have become a standard of care. The role of uterine curettage is 
still under debate. 
 
Spontaneous Resolving Ectopic Pregnancies

Due to the non-invasive diagnostic approach and close follow up of women with suspected 
ectopic pregnancy, more insight was obtained on the pathophysiology of ectopic 
pregnancies. A subgroup of ectopic pregnancies was identified being self-limiting and with 
spontaneous resolution without the need for an intervention. This new diagnostic category 
of women was defined as having trophoblast in regression (TIR) (27). These women with a 
positive pregnancy test but inconclusive transvaginal ultrasound findings had spontaneously 
declining serum hCG concentrations to undetectable levels during follow up without the 
exact location of the pregnancy ever having been clarified.

Pregnancy of Unknown Location

In 1999, the currently used term PUL was introduced for women with a positive pregnancy 
test and an inconclusive transvaginal ultrasound (28). From cohort studies it became apparent 
that PUL occurs in 7 to 30% of women presenting with complaints in early pregnancy (29). 
The majority of women with PUL (50%-70%) have a spontaneously resolving pregnancy 
with serum hCG levels declining to undetectable levels, the so-called failed PUL. Such a 
pregnancy can either be a failed intrauterine pregnancy or a spontaneously resolved ectopic 
pregnancy, as the location of the pregnancy remains undetermined. In some women the 
pregnancy duration is simply too short to allow its visualisation on the initial scan. Follow-
up scans in combination with rising serum hCG concentrations, will eventually demonstrate 
an intra-uterine pregnancy. In 7%-20% of women with a PUL, an ectopic pregnancy is 
eventually diagnosed and these women are eligible for treatment. A minority of women 
will have a persisting PUL, defined as an inconclusive transvaginal scan in combination with 
a rise or plateau in serial serum hCG concentrations. Women with persisting PUL are usually 
regarded as cases of ectopic pregnancy. 

Current Clinical Practice

As a result of the more sensitive diagnostic tools, together with an increased awareness 
among both the public and health care providers which resulted from the world-wide 
epidemic of ectopic pregnancies during 1980s the former clinical picture of ectopic 
pregnancy as a life-threatening disease has changed into a more benign condition in 
women who are frequently asymptomatic or show a mild clinical picture dominated by 
vaginal bleeding and/or slight abdominal discomfort (30, 31).
Transvaginal ultrasound is the first diagnostic step in women with a positive urine 
pregnancy test. In case of an inconclusive ultrasound, (serial) serum hCG measurement 
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with or without progesterone measurement in a regular follow up scheme has allowed to 
distinguish early intra uterine from ectopic pregnancies.
For clinical practice, algorithms are available based on diagnostic strategies using serum hCG 
ratios within 48 hours, either alone or in logistic regression models. The specific serum hCG 
cut off levels used for local protocols should be based on the capacity of correctly identifying 
ectopic pregnancies by transvaginal ultrasound, mostly depending on the expertise of the 
ultrasonographer. 

TREATMENT OF ECTOPIC PREGNANCY

Laparotomy

In 1849, W.W. Harbert of Louisville was the first to perform surgery early enough to stop fatal 
bleeding (32). Robert Lawson Tait in London, after having performed autopsies on several 
women, recognised that appropriate dissection and ligation of bleeding vessels would be 
effective in the treatment of ectopic pregnancy. He successfully performed a laparotomy 
to ligate the broad ligament and removed a ruptured tube. By 1885, Tait had accumulated 
a relatively large number of successful cases of laparotomic salpingectomies (33, 34). The 
diagnosis of an ectopic pregnancy was difficult, but if recognised, the procedure of choice 
was a laparotomy before rupture. In 1913 it is stated in Hartmann’s textbook that: “every 
ectopic when diagnosed should be operated upon”. Expectant management led in 86% of 
women to death, but surgery saved 85% of women (35).
In the first decades of the 20th century the introduction of asepsis, anaesthesia, antibiotics 
and blood transfusions saved the lives of many women with ectopic pregnancy. Still, the 
maternal mortality rate in the United States ranged from 200 to 400 per 10,000 cases of 
ectopic pregnancies (36). Salpingectomy via laparotomy remained the standard procedure 
for decades.

Salpingotomy

In 1920 Beckwith Whitehouse from the United Kingdome raised the question as to whether 
sacrificing the tube on all occasions was justified. He performed a salpingotomy first in fresh 
specimens after salpingectomy. Thereafter he introduced the method on five occasions 
and reported these to be successful in 1921. He stated, “Time, of course, must prove 
whether the adoption of such a procedure is followed by other complications such as the 
recurrence of the accident, the development of hydrosalpinx, or, perchance the incidence 
of a tubal chorion-epithelioma“ (37). He did not mention future fertility. The first instance 
of conservative surgical treatment, i.e., salpingotomy, which appeared in the English 
literature was published in 1953 (38). The argument in favour of conservative surgery was 
preservation of the childbearing function confirmed by subsequent successful pregnancies. 
The downside of the conservative surgical approach was persistent ectopic pregnancy, i.e., 
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the continued proliferation of the trophoblast after the conservative surgical treatment 
for which at that time additional surgical treatment (salpingectomy) was necessary (10). 
To date, methotrexate is available as a non-surgical treatment alternative for persistent 
trophoblast. Combined results of two randomised studies showed that salpingotomy alone 
was significantly less successful than when combined with a prophylactic single dose of 
systemic methotrexate to prevent persistent trophoblast (39). However to prevent one case 
of persistent trophoblast the number needed to treat was 10. Serum hCG monitoring post-
operatively seems a better option for detection and treatment of persistent trophoblast 
after salpingotomy.

Laparoscopic Treatment

During the 1970s and 1980s laparotomy was gradually replaced by operative laparoscopic 
options. Shapiro and Adler (40) reported laparoscopic salpingectomy using electrocoagulation 
followed by excision for an ectopic pregnancy in 1973. Salpingotomy by laparoscopy was 
first reported using multiple punctures in 1980 (41). Linear salpingotomy with a cutting 
current was described by DeCherney et al. in 1981 (42). To date, if skills and equipment are 
available, laparoscopic surgery is the preferred treatment option. It is feasible in nearly all 
patients, safe, and less costly than open surgery because of reduced morbidity and shorter 
hospital stay (39). Whether laparoscopic treatment should be performed conservatively 
(salpingotomy) or radically (salpingectomy) in women wishing to preserve their reproductive 
capacity, has long been subject of debate. The result of a randomised controlled trial on 
salpingotomy versus salpingectomy in 454 women with a tubal pregnancy without contra 
lateral tubal pathology showed that salpingotomy does not improve time to spontaneous 
ongoing pregnancy and leads more often to persistent trophoblast (43). In women with 
desire for future pregnancy and with a tubal ectopic pregnancy in a solitary tube or in the 
presence of contra lateral tubal pathology, salpingotomy is the treatment of choice (44, 45). 

Medical Treatment

The most commonly and successfully used drug in clinical practice by far is methotrexate, 
a folic acid antagonist which interferes with DNA synthesis and cell proliferation. It affects 
highly proliferative tissues such as trophoblast. Methotrexate has a strong dose-related 
potential for toxicity. Side effects include stomatitis, conjunctivitis, gastritis-enteritis, 
impaired liver function, bone marrow depression, and photosensitivity. In 1985 Chotiner was 
the first in English literature to describe a patient with tubal pregnancy treated successfully 
with systemic methotrexate (46).
When methotrexate is administered systemically, it can either be given in a fixed multiple 
dose intramuscular regimen or in a variable dose intramuscular regimen. The fixed multiple 
dose regimen is derived from the treatment of gestational trophoblastic disease and is 
combined with folinic acid (citrovorum/leucovorin rescue) to reduce chemotherapy toxicity 
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(47, 48). In 1991, Stovall et al. individualised the methotrexate dosage to improve patient 
compliance, to minimize side effects, and to reduce overall costs, which ultimately led to a 
single dose regimen of 50 mg/m2 body surface area given intramuscularly without folinic 
acid (49-51). Treatment with methotrexate in a multiple dose regimen has been proven 
to be effective compared to laparoscopic salpingotomy in women with serum hCG levels 
below 3,000 IU/L (39). Furthermore, it was shown that methotrexate is safe with no adverse 
effects reported on reproductive outcome (52). Single dose methotrexate, if necessary 
with additional methotrexate injections, has been shown to be cost effective compared to 
laparoscopic salpingotomy in women with hCG <1,500 IU/L (53). Data on the fixed multiple 
dose methotrexate regimen versus a single dose regimen is limited. One randomised clinical 
trial has shown that treatment effect of a multiple dose methotrexate regimen (90%) was 
not more effective than a single dose (81%) for the treatment of unruptured tubal ectopic 
pregnancy, with mean hCG levels ~2,000 IU/L. The multiple dose regimen caused more side-
effects, but the time for serum hCG concentrations to fall below 5 IU/L was shorter (18 
versus 22 days) (54).
Criteria for treatment success with methotrexate are the size of the ectopic pregnancy, 
absence of fetal cardiac activity on transvaginal ultrasonography, and low hCG concentrations 
(55). Close serum hCG monitoring is mandatory to detect treatment failure and inadequately 
declining serum hCG concentrations after treatment with methotrexate (56-58).

Expectant Management

In 1955, Lund was the first to practice expectant management in patients suspected of 
having an ectopic pregnancy who were not distressed on admission (59). In 1982, Mashiach 
et al. advocated expectant management based on the knowledge that the natural course 
of many early ectopic pregnancies is self-limiting, ultimately resulting in tubal abortion or 
reabsorption (60). Since the work of these pioneers, only a few studies have been published 
describing expectant management in selected patients with small ectopic pregnancies 
without fetal cardiac activity, an upper limit for serum hCG concentration that continues 
to decline and/or a low serum progesterone concentration (61, 62). A placebo-controlled 
randomised trial has been published evaluating expectant management compared to oral 
methotrexate (2.5 mg daily for five days) (63). The surgical intervention rate amongst the 60 
women randomised was 23% in each group. However, the mean serum hCG concentrations 
in both treatment groups were extremely low (211 IU/L in the placebo group and 395 
IU/L in the treatment group), and the dose of methotrexate used unlikely to have had any 
treatment effect. Although many ectopic pregnancies may resolve spontaneously, the risk 
of morbidity remains in those patients who fail to resolve and careful consideration is thus 
warranted when offering expectant management.
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BACKGROUND OF THE THESIS

In 2006, when we started the studies that led to this thesis, a variety of diagnostic algorithms 
were globally used to predict the location and viability of early pregnancy, especially in 
women with PUL. We performed a review of the literature on serum hCG and progesterone 
to identify the optimal strategy to predict the outcome of pregnancy in women with PUL. 
During the process of literature review we found that there was a problem of heterogeneity 
in the definitions used in early pregnancy complications. Together with a group of inter-
national experts in the field of ectopic pregnancy we debated on the definition of PUL and 
the possible pregnancy outcomes. This led to a consensus statement on this subject.
Despite the currently used stringent diagnostic strategies women still incidentally present 
in an acute life threatening setting due to ectopic pregnancy. It remains an important issue 
how to prevent these rare but severe cases of ectopic pregnancy in the future. We set out 
to explore whether this severe morbidity due to ectopic pregnancy is related to patient risk 
factors or that clinical management was inadequate in these cases. 

On the other side of the spectrum of disease there are many women with ectopic pregnancy 
who are asymptomatic or only have mild complaints. Due to earlier diagnosis of ectopic 
pregnancy in asymptomatic women, expectant management has already been incorporated 
in the diagnostic algorithm by serial serum hCG measurements. An important goal of our 
research was whether treatment with systemic methotrexate was even necessary in sight 
of the natural course of an ectopic pregnancy with low and plateauing serum hCG. We 
performed a randomised controlled trial to determine whether expectant management 
is an alternative compared to treatment with systemic methotrexate in women with low 
serum hCG concentrations. We also investigated health related quality of life in women who 
were treated expectantly compared to those treated with methotrexate.

OUTLINE OF THE THESIS

CHAPTER 2 provides an overview on the diagnostic value of serum hCG dynamics on the 
pregnancy outcome in women with a pregnancy of unknown location (PUL) by means of a 
systematic review and meta-analysis.

CHAPTER 3 provides a systematic review and meta-analysis on the accuracy of a single 
progesterone test in discriminating between viable and non-viable pregnancy in women 
with pain or vaginal bleeding in early pregnancy. 

CHAPTER 4 reports the results of a consensus paper on scientific terms used in early 
pregnancy research. The comparison between studies on the diagnosis of ectopic 
pregnancy is hampered by clinical heterogeneity in populations and in final pregnancy 
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outcome definitions. To enable the objective comparison of research outcomes, we 
proposed a consensus statement to improve the interpretation of future studies in women 
who are initially diagnosed with a pregnancy of unknown location (PUL), with definitions of 
population, target disease, and final outcome.
 
CHAPTER 5 describes a case control study on severe maternal morbidity in ectopic 
pregnancy. We assessed the association between patient-related risk factors and severe 
maternal morbidity in women with tubal ectopic pregnancy and identified substandard care 
factors in the clinical management of ectopic pregnancy.

CHAPTER 6 describes the results of a randomised controlled trial on systemic methotrexate 
or expectant management in women with an ectopic pregnancy or pregnancy of unknown 
location (PUL) and low serum hCG concentrations. 

CHAPTER 7 describes a quality of life study on methotrexate or expectant management in 
women with an ectopic pregnancy or pregnancy of unknown location (PUL) and low serum 
hCG concentrations. We assessed whether treatment with methotrexate had a negative 
effect on the wellbeing of women. 

CHAPTER 8 summarises the data presented in this thesis and suggests implications for 
clinical practice and future work in ectopic pregnancy research. 
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ABSTRACT

BACKGROUND: The term ‘pregnancy of unknown location’ (PUL) refers to cases where a 
pregnancy test is positive but the pregnancy cannot be visualised by transvaginal sonography 
(TVS). Various strategies integrating TVS and serum hCG measures are used to follow-up 
until the location and/or viability of the pregnancy becomes clear; however, the optimal 
strategy to predict the outcome of pregnancy in women with PUL is unknown. Therefore, 
we performed a systematic review and meta-analysis to determine the diagnostic accuracy 
of the various serum hCG strategies in women with PUL.
 
METHODS: We searched Medline and EMBASE for articles which were published (in any 
language) from 1980 to January 2012 on strategies using serum hCG in women with PUL and 
reporting on the final outcome of pregnancy.
 
RESULTS: From 980 selected titles, 23 articles, all cohort studies, were included. There 
were 10 studies on a single serum hCG cut-off level, 4 on serum hCG ratio (hCG 48h/hCG 
0h) and 6 on logistic regression modelling. Three other strategies were reported using 
serum hCG, serum progesterone and/or uterine curettage findings; each of these strategies 
comprised a single study. Comparative diagnostic studies have not been performed on the 
diagnostic value of serum hCG in women with PUL. Included studies showed substantial 
clinical heterogeneity in the definition of the outcome, and only data for the pregnancy 
outcome ectopic pregnancy (EP) were suitable for meta-analysis. The receiver operating 
characteristic curves showed that the serum hCG ratios and logistic regression models had a 
better performance as compared with an absolute single serum hCG level (as the curve was 
considerably closer to the diagonal, indicating no diagnostic value).
 
CONCLUSIONS: Overall the study was limited by the high clinical heterogeneity of the 
data but in women with PUL diagnostic strategies using serum hCG ratios, either alone 
or in logistic regression models, have the best diagnostic performance in the case of EP. 
Well defined prospective comparative studies using standardised diagnostics and clinical 
application plus agreed definitions of outcome are required to identify the best strategy to 
diagnose pregnancy outcome in women with PUL.
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BACKGROUND

‘Pregnancy of unknown location’ (PUL) is the term used to define a pregnancy which cannot 
be visualised by transvaginal sonography (TVS). PUL occurs in 7-30% of women who present 
with complaints in early pregnancy, e.g. abdominal discomfort and/or vaginal bleeding (1).
The majority of women with PUL (50-70%) have a spontaneously resolving pregnancy with 
serum hCG levels declining to undetectable levels, the so-called failed PUL. Such a pregnancy 
can either be a failed intrauterine pregnancy (IUP) or a resolved ectopic pregnancy (EP), 
as the location of the pregnancy remains undetermined. In some women the pregnancy 
duration is simply too short to allow its visualisation on the initial scan. Follow-up scans 
in combination with rising serum hCG levels will eventually demonstrate an IUP. In 7-20% 
of women with a PUL, an EP is eventually diagnosed and these women are eligible for 
laparoscopic surgery or medical therapy with systemic methotrexate (MTX). Only a minority 
of women will have a persisting PUL, defined as an inconclusive TVS in combination with a 
rise or plateau in serial serum hCG levels. The optimal management for persisting PUL is not 
known. Systemic MTX as well as expectant management are reported to be successful (2).
There is worldwide consensus that TVS and quantitative serum hCG measurement are useful 
and should be applied to diagnose the pregnancy location, i.e. the pregnancy outcome in 
women with PUL (3-6). A variety of algorithms have been proposed, integrating clinical 
examination, TVS and (repeated) serum hCG measurements, to predict the final location 
and viability of the pregnancy (7-16). However, no evidence exists on the optimal strategy to 
predict the outcome of pregnancy in women with PUL. We therefore performed a systematic 
review and meta-analysis to determine the diagnostic accuracy of the various serum hCG 
strategies in women with PUL.

METHODS

Identification of studies

We performed a literature search using a structured predefined search string on Ovid 
MEDLINE and EMBASE from 1980 to January 2012. An information specialist performed 
the electronic search using the terms: ‘unknown/unidentified/undetermined/uncertain 
pregnancy’ or ‘ectopic pregnancy’, ‘chorionic gonadotrophin’, ‘diagnosis/prognosis/
prediction’. We checked cross-references of eligible papers to identify papers not captured 
by electronic searches. There was a restriction concerning publication year because the 
introduction of TVS was around the mid-1980s. No restrictions were made based on 
language.
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Selection of studies and data extraction

Two reviewers (N.M. and F.M.) evaluated potentially eligible papers in a two-stage process. 
First, papers identified in the search were screened for eligibility by reading the title and 
abstract. If there were any doubts about eligibility, the full text was screened to make sure 
that no papers were missed. We then obtained full-text versions of all papers which were 
selected by at least one of the reviewers in the first stage. Papers were included if the studies 
reported on women with PUL, serum hCG levels and the final outcome of the pregnancy 
(IUP, EP, treated persistent PUL or failed PUL).
All studies were scored on methodological quality according to the standard for reporting 
of diagnostic accuracy guideline and the quality assessment tool of diagnostic accuracy 
studies (QUADAS) and entered on a data extraction form (17,18). We scored each study on 
the following characteristics: study design, data collection (prospective or retrospective), 
sampling (consecutive women or other) and reported TVS findings. The index test was 
serum hCG. The reference test differed per pregnancy outcome. To evaluate potential 
verification bias, we assessed the predefined reference standard as a composite of IUP, 
EP or other outcomes, as defined by the authors for the QUADAS scoring. Item number 4 
of the QUADAS tool, concerning disease progression bias, was removed from the scoring 
list because the actual pregnancy outcome can only be determined when the pregnancy 
progresses in women with PUL. We also removed item number 10 from the QUADAS tool 
because time is an indispensable factor in the diagnosis of women with a PUL and the 
reference standard was, by definition, performed after the index test. Studies were included 
when data were available, either directly or retractable, in which absolute serum hCG levels 
were expressed for the final pregnancy outcome and/or two-by-two tables for specified 
strategies were provided.

Statistical analysis

We calculated sensitivity and specificity with 95% confidence intervals (CIs) for each study 
individually, created forest plots to explore heterogeneity for sensitivity and specificity and 
plotted their combined results in receiver operating characteristic (ROC) space (sensitivity 
versus 1-specificity). To obtain summary estimates of sensitivity and specificity and their 
95% CIs and to construct summary ROC (sROC) curves bivariate regression analysis was used 
(19, 20). The bivariate regression model statistically incorporates the negative correlation 
that might exist between sensitivity and specificity, because sensitivity and specificity within 
a study are often negatively correlated, owing to implicit variation of threshold values (21). 
To determine the variation or statistical heterogeneity between the results of the studies 
the random-effects approach was applied. The random effects approach estimates and 
incorporates the amount of between-study variability in both sensitivity and specificity. 
The included studies often reported a different threshold value to define a positive 
pregnancy test result. To evaluate accuracy measures over the whole range of reported 
hCG thresholds in all studies, we did not limit our analysis to a single threshold value but 
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estimated accuracy measures for all reported threshold values by assuming that the shift in 
accuracy (higher sensitivity and lower specificity) due to different thresholds is accounted 
for by the correlation term, as specified in the bivariate model. The recommended bivariate 
modelling approach cannot appropriately account for covariates (such as threshold) with 
multiple observations from the same study (21). In order to avoid results being biased 
towards studies reporting on many different thresholds, we used a stratified bootstrap 
approach to statistically incorporate different thresholds from the same study in the model. 
We estimated each model in 50 stratified bootstrap samples, in which only one accuracy 
estimate from each study was randomly selected. The average overall estimates from 50 
bootstrap samples is used to estimate sROC curves, where the increase in sensitivity and 
decrease in specificity reflect the shift in the threshold value of serum hCG in the model. 
As the data points represent different thresholds defining a positive test result, the sROC 
points for these models only reflect the average operating point but have no evident clinical 
meaning. For the analysis the statistical software package SAS 9.3 (SAS Institute, Cary, NC) 
was used. A value of P <0.05 was considered statistically significant.

RESULTS

Number of retrieved papers

Our search retrieved 980 citations from MEDLINE and EMBASE. The process of selection 
of papers is summarised in Figure. 1. We retrieved no papers from cross-references. After 
screening titles, abstracts and cross-references, 180 papers were selected for full text 
review. Of these, 23 studies were included for the meta-analysis.

Characteristics of included studies

The characteristics of the 23 included studies are presented in Table 1. Different types of 
diagnostic strategy using serum hCG were identified. Studies from 1995 to 2011 used a 
single absolute serum hCG cut-off level (n = 10), studies from 1995 to 2008 used serial 
serum hCG levels over 48 h, thereby focusing on the hCG ratio (hCG 48h/hCG 0h) (n = 4), 
while more recently (2006-2010) logistic regression modelling strategies were described 
(n = 6). These six logistic regression models all used serum hCG ratios but combined with 
different variables: clinical symptoms (n = 2), TVS findings (n = 4), maternal age (n = 2), 
gestational age (n = 2), risk factors for EP (n = 1) and progesterone levels (n = 4). One study 
used the prediction by the nurse practitioner combined with hCG ratios, and another the 
logarithm of the hCG average, the hCG ratio and its quadratic effect. Three other strategies 
were reported using serum hCG, serum progesterone and/or uterine curettage findings; 
each of these strategies comprised a single study. In all studies the definition of PUL was at 
least a positive pregnancy test and an inconclusive TVS in haemodynamically stable women. 
Five studies strictly specified the inclusion criteria to women with vaginal blood loss and/or 
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abdominal pain. The other studies included women with PUL, either with vaginal blood loss 
and/or abdominal pain and/or risk factors for EP and women who came in for first trimester 
screening without symptoms or risk factors but with an uncertain gestational age. Further 
specific inclusion criteria among studies were serum hCG cut-off levels varying between 
1,500 and 10,000 IU/L and an abnormal rise/fall/plateau of serum hCG with an initial hCG 
< 2,000 IU/L.
Of the 23 included studies, 15 were prospective cohort studies and eight were retrospective 
cohort studies. Not all studies reported on all pregnancy outcomes as the reference test. 
IUP was variously described as an intrauterine gestational sac, an abnormal sac on TVS, 
histological confirmation of villi after uterine curettage, spontaneously declining serum hCG 
without intervention (biochemical pregnancies), fetal heartbeat upon TVS or delivery of a 
child. Only four studies (from the same author) reported both viable and non-viable IUP 
separately in the same cohort (23-25, 30).
For the outcome EP, a composite reference test was used, i.e. confirmation by laparoscopy 
and additional histology or an ultrasound diagnosis or specific serum hCG cut-off levels. 
Ultrasound diagnosis ranged from some free fluid in the pouch of Douglas, an inhomogeneous 
mass adjacent to the ovary, and moving separately from the ovary (blob sign), a mass with 

Retrieved from searches
Medline: 739
Embase: 241

n = 980

Retrieved in full paper
Medline: 151
Embase: 29

n = 180

Included:
n = 23

Excluded a�er reading ar cle (inability to construct 2x2 tables):
Medline: 128
Embase: 29

n = 157

Excluded a�er reading  tles and abstracts
Medline: 588
Embase: 212

n = 800

Figure 1. Flow chart of literature search and article selection for a systematic review and meta-
analysis of studies on women with pregnancy of unknown location, diagnostic strategies using serum 
hCG levels and the final outcome of the pregnancy.
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a hyper-echoic ring around the gestational sac (bagel sign) (41) to an ectopic gestational sac 
with or without fetal cardiac activity. Other criteria used to define the outcome as EP were 
rising or plateauing serum hCG levels after uterine curettage, negative histopathology after 
uterine curettage, or plateauing serum hCG levels for which systemic MTX was used. Some 
studies reported other pregnancy outcomes, such as trophoblast in regression (TIR), failing 
PUL or miscarriage.
The quality assessment tool (QUADAS) for the included studies is shown in Table 2, and from 
this table it becomes clear that all studies were prone to potential bias. All studies used 
diagnostic strategies that include the outcome of the serum hCG to determine the type of 
reference test, e.g. laparoscopy in case of certain serum hCG cut-offs. Thus, the reference 
standard was not the same for all patients regardless of the index test (differential verification 
bias) and the reference standard was not independent of the index test (incorporation bias). 
For the same reason the results of the reference standard were not interpreted without 
knowledge of the results of the index test (blinding or review bias).

Diagnostic performance of serum hCG in PUL

Sensitivities and specificities, as calculated from each study reporting on serum hCG, are 
reported for each pregnancy outcome in Table 3. We intended to perform a meta-analysis 
if the same diagnostic serum hCG strategy and the same outcome definition was reported 
per pregnancy outcome. For the outcome IUP there was sufficient clinical heterogeneity 
between studies (being either any form of IUP at TVS or specific viable or non-viable IUP) 
that forest plots or sROC plots would not be informative. Other pregnancy outcomes, such 
as TIR or failing PUL, were only reported in a few studies and, when reported, the studies 
did not perform the same diagnostic test. Only the pregnancy outcome EP was reported 
more consistently, in terms of outcome definition, the reference test and reported data (2 × 
2 tables) to allow meta-analysis. Nonetheless, the accuracy reported for different strategies 
showed considerable heterogeneity owing to the use of different hCG thresholds (cut-off) 
to define a positive pregnancy test. We therefore compared the sROC curves rather than 
the pooled estimates for sensitivity and specificity, as this summary point estimate does not 
reflect the accuracy for a particular operating point of the test. 
The pooled data for the pregnancy outcome EP are shown per strategy, i.e. an absolute 
single serum hCG level, serum hCG ratios and logistic regression models, in ROC plots in 
Figure 2. These curves show that an absolute single serum hCG level had a poor performance 
in diagnosing EP in women with PUL, compared with the serum hCG ratios and logistic 
regression models, as the sROC curve is considerably closer to the diagonal, indicating no 
diagnostic value. 
 



34

CHAPTER 2

Table 1. Characteristics of the 23 included studies in a systematic review of the diagnostic value of
 serum hCG on the outcome of pregnancy of unknown location (PUL).

First author, year Serum hCG test PUL population Study type Outcome definitions and reference tests

Single serum hCG cut-off level

Hajenius et al., 1995 
(10)

hCG > 1000 IU/L Clinical suspicion of EP, i.e. vaginal bleeding with/without 
abdominal pain and/or risk factors and patients without 
symptoms or risk factors.
Without clinical symptoms of shock
No visible pregnancy on TVS
Serum hCG < 1500 IU/L

Prospective cohort IUP: confirmed on TVS 
EP: laparoscopy or laparotomy
TIR: PUL and uneventful decrease of hCG 

Kaplan et al., 1996 (22) hCG < 1000 mIU/mL Inconclusive diagnosis by TVS and abdominal ultrasound: no 
evidence IUP or EP

Prospective cohort IUP: confirmed by TVS or villi after D&C
EP: confirmed at laparoscopy or laparotomy

Dart et al., 1997 (23) hCG > 3000 mIU/mL

Menstrual days > 38

Abdominal pain or vaginal bleeding and positive serum hCG. 
TVS indeterminate: no evidence IUP or EP
Exclusion: status post D&C, recent delivery, definitive diagnosis 
not determined

Retrospective cohort normal IUP: positive heartbeat on TVS or delivery child
EP: laparoscopy and confirmed by histology
Abnormal IUP: abnormal sac on TVS and villi at pathology, no villi after D&C with hCG 
falling to zero or hCG falling to zero without intervention

Dart and Howard, 
1998 (24)

hCG < 1000 mIU/mL Abdominal pain or vaginal bleeding and positive serum hCG. 
TVS indeterminate: no evidence IUP or EP
Exclusion: status post D&C, recent delivery, definitive diagnosis 
not determined

Retrospective cohort IUP: positive heartbeat on TVS or delivery child
EP: laparoscopy and confirmed by histology
Abnormal IUP: abnormal sac on TVS or hCG > 3000 mIU/mL without an intra-uterine 
sac or villi after D&C or hCG falling to zero without intervention

Dart et al., 1999a (25) hCG < 1000 mIU/mL Abdominal pain or vaginal bleeding and positive serum hCG. 
TVS indeterminate: empty endometrial cavity and no adnexal or 
cul-de-sac findings. 
Exclusion: lost to follow up, endometrial stripe thickness not 
determined

Retrospective cohort IUP: positive heartbeat on TVS or delivery child
EP: laparoscopy and confirmed by histology
Abnormal IUP: abnormal sac on TVS or hCG > 3000 mIU/mL without an intra-uterine 
sac or villi after D&C or hCG falling to zero without intervention

Mol et al., 1998 (26) hCG > 1000 IU/L
hCG > 1500 IU/L
hCG > 2000 IU/L

No IUP at TVS and no ectopic mass or fluid in pouch of Douglas Prospective cohort study IUP: TVS confirmation at 12wks
EP: laparoscopy
Nonviable pregnancy: non viable IUP and chemical pregnancies, resolved without 
treatment 

Dart et al., 2002 (27) hCG < 1000 mIU/mL Abdominal pain or vaginal bleeding and positive serum hCG. 
TVS indeterminate: no evidence IUP or EP
Exclusion: prior TVS showed IUP, passed definitive product of 
conception, status post D&C, recent delivery or lost to follow up

Prospective observational cohort 
study

IUP: positive heartbeat on TVS or delivery child
EP: laparoscopy or hCG increases or plateau after D&C or systemic MTX or negative 
D&C 

Condous et al., 2005a 
(15)

hCG > 1000 IU/L
hCG > 1500 IU/L
hCG > 2000 IU/L

No signs of an IUP, an EP or retained products of conception at 
TVS.
Exclusion: clinically unstable or hemoperitoneum

Prospective observational study IUP: presence of gestational sac eccentrically placed in the endometrial cavity
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi 
Failing PUL: persistent PUL and falling hCG levels

El Bishry G. and Ganta, 
2008 (28)

P < 16 nmol/l & hCG > 25 IU/L
P 16-80 nmol/l & hCG > 25 IU/L
P > 80 nmol/l & hCG < 1000 IU/L
P > 80 nmol/l & hCG > 1000 IU/L

Inconclusive scan Retrospective cohort study Viable IUP
Criterion standard diagnosis IUP, EP or miscarriage, not further specified

Shaunik et al., 2011 
(29)

hCG < 2000 mIU/mL Non viable PUL: clinically stable, initial hCG > 2000 mIU/mL and 
non diagnostic ultrasound or abnormal rise/fall/ plateau with 
initial hCG < 2000 mIU/mL

Cohort study IUP = nonviable IUP: histopathology after curettage or resolution of hCG after 
curettage
EP: histopathology at surgery or TVS ectopic gestational sac or rise in hCG after 
curettage without villi at pathology
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Table 1. Characteristics of the 23 included studies in a systematic review of the diagnostic value of
 serum hCG on the outcome of pregnancy of unknown location (PUL).

First author, year Serum hCG test PUL population Study type Outcome definitions and reference tests

Single serum hCG cut-off level

Hajenius et al., 1995 
(10)

hCG > 1000 IU/L Clinical suspicion of EP, i.e. vaginal bleeding with/without 
abdominal pain and/or risk factors and patients without 
symptoms or risk factors.
Without clinical symptoms of shock
No visible pregnancy on TVS
Serum hCG < 1500 IU/L

Prospective cohort IUP: confirmed on TVS 
EP: laparoscopy or laparotomy
TIR: PUL and uneventful decrease of hCG 

Kaplan et al., 1996 (22) hCG < 1000 mIU/mL Inconclusive diagnosis by TVS and abdominal ultrasound: no 
evidence IUP or EP

Prospective cohort IUP: confirmed by TVS or villi after D&C
EP: confirmed at laparoscopy or laparotomy

Dart et al., 1997 (23) hCG > 3000 mIU/mL

Menstrual days > 38

Abdominal pain or vaginal bleeding and positive serum hCG. 
TVS indeterminate: no evidence IUP or EP
Exclusion: status post D&C, recent delivery, definitive diagnosis 
not determined

Retrospective cohort normal IUP: positive heartbeat on TVS or delivery child
EP: laparoscopy and confirmed by histology
Abnormal IUP: abnormal sac on TVS and villi at pathology, no villi after D&C with hCG 
falling to zero or hCG falling to zero without intervention

Dart and Howard, 
1998 (24)

hCG < 1000 mIU/mL Abdominal pain or vaginal bleeding and positive serum hCG. 
TVS indeterminate: no evidence IUP or EP
Exclusion: status post D&C, recent delivery, definitive diagnosis 
not determined

Retrospective cohort IUP: positive heartbeat on TVS or delivery child
EP: laparoscopy and confirmed by histology
Abnormal IUP: abnormal sac on TVS or hCG > 3000 mIU/mL without an intra-uterine 
sac or villi after D&C or hCG falling to zero without intervention

Dart et al., 1999a (25) hCG < 1000 mIU/mL Abdominal pain or vaginal bleeding and positive serum hCG. 
TVS indeterminate: empty endometrial cavity and no adnexal or 
cul-de-sac findings. 
Exclusion: lost to follow up, endometrial stripe thickness not 
determined

Retrospective cohort IUP: positive heartbeat on TVS or delivery child
EP: laparoscopy and confirmed by histology
Abnormal IUP: abnormal sac on TVS or hCG > 3000 mIU/mL without an intra-uterine 
sac or villi after D&C or hCG falling to zero without intervention

Mol et al., 1998 (26) hCG > 1000 IU/L
hCG > 1500 IU/L
hCG > 2000 IU/L

No IUP at TVS and no ectopic mass or fluid in pouch of Douglas Prospective cohort study IUP: TVS confirmation at 12wks
EP: laparoscopy
Nonviable pregnancy: non viable IUP and chemical pregnancies, resolved without 
treatment 

Dart et al., 2002 (27) hCG < 1000 mIU/mL Abdominal pain or vaginal bleeding and positive serum hCG. 
TVS indeterminate: no evidence IUP or EP
Exclusion: prior TVS showed IUP, passed definitive product of 
conception, status post D&C, recent delivery or lost to follow up

Prospective observational cohort 
study

IUP: positive heartbeat on TVS or delivery child
EP: laparoscopy or hCG increases or plateau after D&C or systemic MTX or negative 
D&C 

Condous et al., 2005a 
(15)

hCG > 1000 IU/L
hCG > 1500 IU/L
hCG > 2000 IU/L

No signs of an IUP, an EP or retained products of conception at 
TVS.
Exclusion: clinically unstable or hemoperitoneum

Prospective observational study IUP: presence of gestational sac eccentrically placed in the endometrial cavity
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi 
Failing PUL: persistent PUL and falling hCG levels

El Bishry G. and Ganta, 
2008 (28)

P < 16 nmol/l & hCG > 25 IU/L
P 16-80 nmol/l & hCG > 25 IU/L
P > 80 nmol/l & hCG < 1000 IU/L
P > 80 nmol/l & hCG > 1000 IU/L

Inconclusive scan Retrospective cohort study Viable IUP
Criterion standard diagnosis IUP, EP or miscarriage, not further specified

Shaunik et al., 2011 
(29)

hCG < 2000 mIU/mL Non viable PUL: clinically stable, initial hCG > 2000 mIU/mL and 
non diagnostic ultrasound or abnormal rise/fall/ plateau with 
initial hCG < 2000 mIU/mL

Cohort study IUP = nonviable IUP: histopathology after curettage or resolution of hCG after 
curettage
EP: histopathology at surgery or TVS ectopic gestational sac or rise in hCG after 
curettage without villi at pathology
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Table 1. (Continued)

First author, year Serum hCG test PUL population Study type Outcome definitions and reference tests

Serum hCG ratio

Ankum et al., 1995 (9) Initial hCG < 1500, hCG ratio No pregnancy detectable at TVS and hCG < 1500 IU/L Prospective cohort IUP: confirmed on TVS 
EP: laparoscopy or laparotomy
TIR: PUL and decrease of hCG with disappearance of symptoms

Dart et al., 1999b (30) hCG increase < 66% 
hCG decrease < 50%

Abdominal pain or vaginal bleeding and positive serum hCG.  
TVS indeterminate.
Second serum hCG performed within 7 days of first visit and 
before D&C or laparoscopy or MTX. 
Exclusion: lost to follow-up

Retrospective cohort IUP: positive heartbeat on TVS or delivery child
EP: laparoscopy or hCG increases or plateau after negative D&C or treated with 
systemic MTX or EP visualised on TVS
Abnormal IUP: 1. hCG > 3000 mIU/mL with an empty uterus, decreasing hCG or  
Progesterone < 5.0 ng/mL before D&C and villi after D&C. 2. villi after D&C and hCG 
falling to zero without intervention 3. hCG values falling to zero without intervention

Condous et al., 2004 
(14)

Logistic regression model
M1 (hCG ratio > 0.21)

Women with abdominal pain, vaginal blood loss or to determine 
gestational age.
No signs of an IUP, an EP or retained products of conception at 
TVS.
Exclusion: clinically unstable or hemoperitoneum

Prospective observational cohort 
study

IUP: hCG ratio over 48h > 66% and TVS 2 weeks later
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi or persistent PUL 
Failing PUL: initial Progesterone < 20 nmol/L and spontaneous resolution of pregnancy: 
decrease of hCG < 5 IU/L with disappearance of symptoms

Bignardi et al., 2008 
(31)

hCG ratio > 0.87

hCG ratio < 1.66

hCG ratio < 2

No signs of an IUP, an EP or retained products of conception at 
TVS.
Exclusion: clinically unstable or acute abdomen or blood in 
pouch of Douglas according to TVS

Prospective observational cohort IUP: gestational sac confirmed at TVS 
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi 
Failing PUL: Progesterone < 20nmol/L at presentation + fall in serum hCG < 5 IU/L

Logistic regression model

Gevaert et al., 2006 
(32)

Bayesian network
Parameter prior model > 0.13

Structure an parameter prior 
model > 0.06

PUL not further specified Prospective cohort study IUP: presence of gestational sac eccentrically placed in the endometrial cavity
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi 
Failing PUL: persistent PUL and falling hCG levels

Kirk et al., 2006 (33) Logistic regression model based 
on hCG ratio, prediction by nurse 
practitioner and costs

No evidence of an IUP or EP on TVS. Exclusion criteria: 
visualisation of an intrauterine gestational sac with or without 
a fetal pole, adnexal mass thought to be an EP, heterogeneous 
tissue in endometrial cavity and hemodynamic instability or pain, 
or hemoperitoneum on TVS

Prospective non- interventional 
observational study

IUP: hCG ratio over 48h > 66% and TVS 2 weeks later, presence of gestational sac 
eccentrically placed in the endometrial cavity or heterogeneous tissue in cavity.
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi or persistent PUL
Failing PUL: spontaneous decrease of hCG level < 5 IU/L with disappearance of 
pregnancy symptoms

Condous et al., 2007a 
(34)

Logistic regression model M4 
(hCG ratio [hCG 48 h/hCG 0 h], 
[log] of hCG average, quadratic 
effect of the hCG ratio {[hCG 
ratio-1.17] x [hCG ratio-1.17]})

Multinomial logistic regression 
model with clinical information 
M5

No signs of an IUP, an EP or retained products of conception at 
TVS

Prospective cohort study IUP: intra uterine gestational sac confirmed at TVS 
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi 
Failing PUL: Progesterone < 20nmol/L at presentation + fall in serum hCG < 5 IU/L

Kirk et al., 2007 (35) logistic regression model M4 
(hCG ratio [hCG 48 h/hCG 0 h], 
[log] of hCG average, quadratic 
effect of the hCG ratio {[hCG 
ratio-1.17] x [hCG ratio-1.17]})

No evidence of an IUP or EP on TVS, hCG level less than 10 000 
IU/L, clinically stable and no signs of hemoperitoneum on TVS

Prospective interventional study IUP: intrauterine gestational sac ± fetal pole ± cardiac activity, or heterogeneous tissue 
within endometrial cavity suggestive of retained products of conception at TVS
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi or persistent PUL
Failing PUL: spontaneous decrease of hCG level < 5 IU/L with disappearance of 
pregnancy symptoms



37

DIAGNOSTIC VALUE OF SERUM HCG IN WOMEN WITH PUL

2

Table 1. (Continued)

First author, year Serum hCG test PUL population Study type Outcome definitions and reference tests

Serum hCG ratio

Ankum et al., 1995 (9) Initial hCG < 1500, hCG ratio No pregnancy detectable at TVS and hCG < 1500 IU/L Prospective cohort IUP: confirmed on TVS 
EP: laparoscopy or laparotomy
TIR: PUL and decrease of hCG with disappearance of symptoms

Dart et al., 1999b (30) hCG increase < 66% 
hCG decrease < 50%

Abdominal pain or vaginal bleeding and positive serum hCG.  
TVS indeterminate.
Second serum hCG performed within 7 days of first visit and 
before D&C or laparoscopy or MTX. 
Exclusion: lost to follow-up

Retrospective cohort IUP: positive heartbeat on TVS or delivery child
EP: laparoscopy or hCG increases or plateau after negative D&C or treated with 
systemic MTX or EP visualised on TVS
Abnormal IUP: 1. hCG > 3000 mIU/mL with an empty uterus, decreasing hCG or  
Progesterone < 5.0 ng/mL before D&C and villi after D&C. 2. villi after D&C and hCG 
falling to zero without intervention 3. hCG values falling to zero without intervention

Condous et al., 2004 
(14)

Logistic regression model
M1 (hCG ratio > 0.21)

Women with abdominal pain, vaginal blood loss or to determine 
gestational age.
No signs of an IUP, an EP or retained products of conception at 
TVS.
Exclusion: clinically unstable or hemoperitoneum

Prospective observational cohort 
study

IUP: hCG ratio over 48h > 66% and TVS 2 weeks later
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi or persistent PUL 
Failing PUL: initial Progesterone < 20 nmol/L and spontaneous resolution of pregnancy: 
decrease of hCG < 5 IU/L with disappearance of symptoms

Bignardi et al., 2008 
(31)

hCG ratio > 0.87

hCG ratio < 1.66

hCG ratio < 2

No signs of an IUP, an EP or retained products of conception at 
TVS.
Exclusion: clinically unstable or acute abdomen or blood in 
pouch of Douglas according to TVS

Prospective observational cohort IUP: gestational sac confirmed at TVS 
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi 
Failing PUL: Progesterone < 20nmol/L at presentation + fall in serum hCG < 5 IU/L

Logistic regression model

Gevaert et al., 2006 
(32)

Bayesian network
Parameter prior model > 0.13

Structure an parameter prior 
model > 0.06

PUL not further specified Prospective cohort study IUP: presence of gestational sac eccentrically placed in the endometrial cavity
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi 
Failing PUL: persistent PUL and falling hCG levels

Kirk et al., 2006 (33) Logistic regression model based 
on hCG ratio, prediction by nurse 
practitioner and costs

No evidence of an IUP or EP on TVS. Exclusion criteria: 
visualisation of an intrauterine gestational sac with or without 
a fetal pole, adnexal mass thought to be an EP, heterogeneous 
tissue in endometrial cavity and hemodynamic instability or pain, 
or hemoperitoneum on TVS

Prospective non- interventional 
observational study

IUP: hCG ratio over 48h > 66% and TVS 2 weeks later, presence of gestational sac 
eccentrically placed in the endometrial cavity or heterogeneous tissue in cavity.
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi or persistent PUL
Failing PUL: spontaneous decrease of hCG level < 5 IU/L with disappearance of 
pregnancy symptoms

Condous et al., 2007a 
(34)

Logistic regression model M4 
(hCG ratio [hCG 48 h/hCG 0 h], 
[log] of hCG average, quadratic 
effect of the hCG ratio {[hCG 
ratio-1.17] x [hCG ratio-1.17]})

Multinomial logistic regression 
model with clinical information 
M5

No signs of an IUP, an EP or retained products of conception at 
TVS

Prospective cohort study IUP: intra uterine gestational sac confirmed at TVS 
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi 
Failing PUL: Progesterone < 20nmol/L at presentation + fall in serum hCG < 5 IU/L

Kirk et al., 2007 (35) logistic regression model M4 
(hCG ratio [hCG 48 h/hCG 0 h], 
[log] of hCG average, quadratic 
effect of the hCG ratio {[hCG 
ratio-1.17] x [hCG ratio-1.17]})

No evidence of an IUP or EP on TVS, hCG level less than 10 000 
IU/L, clinically stable and no signs of hemoperitoneum on TVS

Prospective interventional study IUP: intrauterine gestational sac ± fetal pole ± cardiac activity, or heterogeneous tissue 
within endometrial cavity suggestive of retained products of conception at TVS
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi or persistent PUL
Failing PUL: spontaneous decrease of hCG level < 5 IU/L with disappearance of 
pregnancy symptoms
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Table 1. (Continued)

First author, year Serum hCG test PUL population Study type Outcome definitions and reference tests

Condous et al., 2007b 
(36)

logistic regression model M1 
(hCG ratio [hCG 48 h/hCG 0 h])

logistic regression model M4 
(hCG ratio [hCG 48 h/hCG 0 h], 
[log] of hCG average, quadratic 
effect of the hCG ratio {[hCG 
ratio-1.17] x [hCG ratio-1.17]})

No signs of an IUP, an EP or retained products of conception at 
TVS.
Exclusion: clinically unstable or acute abdomen or blood in 
pouch of Douglas according to TVS

Prospective cohort study IUP: presence of gestational sac eccentrically placed in the endometrial cavity, TVS two 
weeks later to confirm viability
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi 
Failing PUL: Progesterone < 20 nmol/L at presentation + fall in serum hCG < 5 IU/L

Barnhart et al., 2010 
(37)

logistic regression model M4 
(hCG ratio [hCG 48 h/hCG 0 h], 
[log] of hCG average, quadratic 
effect of the hCG ratio {[hCG 
ratio-1.17] x [hCG ratio-1.17]})

Women with lower abdominal pain, vaginal bleeding, maternal 
anxiety or confirmation of gestational age. PUL if there was no 
evidence of an IUP or EP on TVS 

Retrospective cohort study IUP: rise hCG in 48hr > 66% and TVS 2 weeks later: presence of gestational sac 
eccentrically placed in the endometrial cavity 
EP: histological confirmation of villi in the tube or echogenicity consistent with an EP
Spontaneous miscarriage/Failing PUL: spontaneous resolution of pregnancy with 
decrease of hCG level < 5 IU/L

Other strategies

Condous et al., 2005b 
(38)

Single visit protocol:
high risk PUL Prog 5 - 81 nmol/l 
or hCG > 50 IU/L

No signs of an IUP, an EP or retained products of conception at 
TVS in women with a positive urinary pregnancy test. 

Retrospective protocol development, 
followed by prospective trial

IUP: presence of gestational sac eccentrically placed in the endometrial cavity
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi or persistent PUL
Failing PUL: persistent PUL and falling hCG levels

Condous et al., 2006 
(39)

Uterine curettage if hCG 
(0 h) ≥2000 IU/L and 
progesterone (0 h) <45 nmol/l 
or hCG (0 h) <2000 IU/L and hCG 
ratio <1.16

No signs of an IUP, an EP or retained products of conception at 
TVS in women with a positive urinary pregnancy test. Clinically 
stable women.

Prospective observational cohort 
study

IUP: intrauterine gestational sac ± fetal pole ± cardiac activity, or heterogeneous
tissue within endometrial cavity suggestive of retained products of conception at TVS
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi or persistent PUL

Rivera et al., 2009 (40) hCG decrease < 50% after 
manual vacuum aspiration

Haemodynamically stable women and serum hCG level >2000 
mIU/mL or if <2000 mIU/mL with abnormally rising levels 
<66% in 48 hours and no evidence of IUP or EP on TVS by the 
Radiology Department. Exclusion: sonographic evidence of EP or 
IUP including a gestational sac, heavy vaginal bleeding suggestive 
of passage of “tissue,” or inability to tolerate an outpatient MVA

Prospective cohort IUP: villi at histology
EP: nr

IUP intrauterine pregnancy; TVS transvaginal sonography; EP ectopic pregnancy; PUL pregnancy of unknown 
location; TIR trophoblast in regression; D&C dilatation and curettage; MTX methotrexate; na not applicable; 
nr not reported
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Table 1. (Continued)

First author, year Serum hCG test PUL population Study type Outcome definitions and reference tests

Condous et al., 2007b 
(36)

logistic regression model M1 
(hCG ratio [hCG 48 h/hCG 0 h])

logistic regression model M4 
(hCG ratio [hCG 48 h/hCG 0 h], 
[log] of hCG average, quadratic 
effect of the hCG ratio {[hCG 
ratio-1.17] x [hCG ratio-1.17]})

No signs of an IUP, an EP or retained products of conception at 
TVS.
Exclusion: clinically unstable or acute abdomen or blood in 
pouch of Douglas according to TVS

Prospective cohort study IUP: presence of gestational sac eccentrically placed in the endometrial cavity, TVS two 
weeks later to confirm viability
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi 
Failing PUL: Progesterone < 20 nmol/L at presentation + fall in serum hCG < 5 IU/L

Barnhart et al., 2010 
(37)

logistic regression model M4 
(hCG ratio [hCG 48 h/hCG 0 h], 
[log] of hCG average, quadratic 
effect of the hCG ratio {[hCG 
ratio-1.17] x [hCG ratio-1.17]})

Women with lower abdominal pain, vaginal bleeding, maternal 
anxiety or confirmation of gestational age. PUL if there was no 
evidence of an IUP or EP on TVS 

Retrospective cohort study IUP: rise hCG in 48hr > 66% and TVS 2 weeks later: presence of gestational sac 
eccentrically placed in the endometrial cavity 
EP: histological confirmation of villi in the tube or echogenicity consistent with an EP
Spontaneous miscarriage/Failing PUL: spontaneous resolution of pregnancy with 
decrease of hCG level < 5 IU/L

Other strategies

Condous et al., 2005b 
(38)

Single visit protocol:
high risk PUL Prog 5 - 81 nmol/l 
or hCG > 50 IU/L

No signs of an IUP, an EP or retained products of conception at 
TVS in women with a positive urinary pregnancy test. 

Retrospective protocol development, 
followed by prospective trial

IUP: presence of gestational sac eccentrically placed in the endometrial cavity
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi or persistent PUL
Failing PUL: persistent PUL and falling hCG levels

Condous et al., 2006 
(39)

Uterine curettage if hCG 
(0 h) ≥2000 IU/L and 
progesterone (0 h) <45 nmol/l 
or hCG (0 h) <2000 IU/L and hCG 
ratio <1.16

No signs of an IUP, an EP or retained products of conception at 
TVS in women with a positive urinary pregnancy test. Clinically 
stable women.

Prospective observational cohort 
study

IUP: intrauterine gestational sac ± fetal pole ± cardiac activity, or heterogeneous
tissue within endometrial cavity suggestive of retained products of conception at TVS
EP: TVS blob sign, bagel sign, ectopic gestational sac with/without cardiac activity and/
or laparoscopy with histology of chorionic villi or persistent PUL

Rivera et al., 2009 (40) hCG decrease < 50% after 
manual vacuum aspiration

Haemodynamically stable women and serum hCG level >2000 
mIU/mL or if <2000 mIU/mL with abnormally rising levels 
<66% in 48 hours and no evidence of IUP or EP on TVS by the 
Radiology Department. Exclusion: sonographic evidence of EP or 
IUP including a gestational sac, heavy vaginal bleeding suggestive 
of passage of “tissue,” or inability to tolerate an outpatient MVA

Prospective cohort IUP: villi at histology
EP: nr

IUP intrauterine pregnancy; TVS transvaginal sonography; EP ectopic pregnancy; PUL pregnancy of unknown 
location; TIR trophoblast in regression; D&C dilatation and curettage; MTX methotrexate; na not applicable; 
nr not reported
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Table 2. Quality assessment tool of diagnostic accuracy studies (QUADAS) for the included studies

W
as the spectrum

 of patients’ representative of patients in practice?
Spectrum

 bias

W
ere selection criteria clearly described?

Is the reference standard likely to correctly classify the target condition?

D
id the w

hole study population receive verification of diagnosis?
Selection bias

D
id patients receive the sam

e reference standard regardless of the
 index test result? D

ifferential verification bias

W
as the reference standard independent of the index test? (e.g. not

 m
easured in sam

e test/session) Incorporation bias

W
as the execution of the index test described in suffi

cient
 detail to perm

it replication of the test?

W
as the execution of the reference standard described in suffi

cient
 detail to perm

it its replication?

W
ere the reference standard results interpreted w

ithout know
ledge 

of the results of the index test? Blinding or review
 bias

W
ere the sam

e clinical data available w
hen test results w

ere 
interpreted as w

ould be available w
hen the test is used in practice?

W
ere uninterpretable / interm

ediate test results reported?

W
ere w

ithdraw
als from

 the study explained?

Hajenius et al., 1995 Y Y Y Y N Y Y Y N Y Y Y

Kaplan et al., 1996 Y Y Y Y U Y Y Y U Y Y Y

Dart et al., 1997 Y Y Y Y U U Y Y U Y Y Y

Dart and Howard, 1998 Y Y Y Y U U Y Y U Y Y Y

Dart et al., 1999a Y Y Y Y N Y Y Y U Y Y Y

Mol et al., 1998 Y Y Y Y N N Y Y N Y Y Y

Dart et al., 2002 Y Y Y Y N U Y Y U Y Y Y

Condous et al., 2005a Y Y Y Y N N Y Y N Y Y Y

El Bishry G. and Ganta, 2008 Y Y Y Y U N Y Y U Y Y N

Shaunik et al., 2011 Y Y Y Y Y Y Y Y N Y Y N

Ankum et al., 1995 Y Y Y Y N N Y Y N Y Y Y

Dart et al., 1999b Y Y Y Y U U Y Y Y Y Y Y

Condous et al., 2004 Y Y Y Y N N Y Y N Y Y Y

Bignardi et al., 2008 Y Y Y Y N N Y Y N Y Y Y

Gevaert et al., 2006 Y N Y Y N U Y Y U Y Y Y

Kirk et al., 2006 Y Y Y Y N N Y Y U Y Y Y

Condous et al., 2007a Y Y Y Y U U Y Y U Y Y Y

Kirk et al., 2007 Y Y Y Y N N Y Y N Y Y Y

Condous et al., 2007b Y Y Y Y N N Y Y N U Y Y

Barnhart et al., 2010 Y Y Y Y N N Y Y N Y Y Y

Condous et al., 2005b Y Y Y Y N U Y Y N Y Y Y

Condous et al., 2006 Y Y Y Y N N Y Y N Y Y Y

Rivera et al., 2009 Y Y Y Y Y Y Y Y N Y Y Y

Y: yes; N: no; U: unclear
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a. absolute single serum hCG level

c. logistic regression models

b. serum hCG ratios

d. all strategies in one plot

Figure 2. Receiver operating characteristic plots with pooled data for the pregnancy outcome ectopic 
pregnancy in women with pregnancy of unknown location by strategy
a. an absolute single serum hCG level
b. serum hCG ratios
c. logistic regression models 
d. all strategies in one plot 
Each small cube within a plot represents the sample size of each study, with the vertical length of the cube presenting the number 

ectopic pregnancies, horizontal the number women without ectopic pregnancy. 

sROC: summary receiver operating characteristic curve
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Table 3. Performance of serum hCG in diagnosing pregnancy outcome in women with PUL

First author, year n Serum hCG strategy Pregnancy outcomes

IUP

(sensitivity/

specificity)

EP

(sensitivity/

specificity)

Other

(sensitivity/

specificity)

Single serum hCG cut-off level

Hajenius et al., 1995 265 hCG > 1000 IU/L 0.95 / 0.33 0.90 / 0.98 0.58 / 1.0

Kaplan et al., 1996 72 hCG < 1000 mIU/mL 0.27 / 0.64 0.67 / 0.74 nr

Dart et al., 1997 194 hCG > 3000 mIU/mL

Menstrual days > 38

0.00 / 0.55

0.29 / 0.13

0.26 / 0.57

0.70 / 0.16

0.48 / 0.84

0.90 / 0.44

Dart and Howard, 1998 147 hCG < 1000 mIU/mL nr 0.48 / 0.55 nr

Dart et al., 1999a 224 hCG < 1000 mIU/mL 0.91 / 0.41 0.64 / 0.40 0.52 / 0.41

Mol et al., 1998 262 hCG > 1000 IU/L
hCG > 1500 IU/L
hCG > 2000 IU/L

0.20 / 0.80
0.00 / 0.83
0.00 / 0.86

0.43 / 0.86
0.40 / 0.96
0.38 / 0.98

0.11 / 0.69
0.06 / 0.81
0.02 / 0.81

Dart et al., 2002 420 hCG < 1000 mIU/mL nr 0.86 / 0.43 nr

Condous et al., 2005a
  
 

569 hCG > 1000 IU/L

hCG > 1500 IU/L

hCG > 2000 IU/L 

nr 0.22 / 0.87

0.15 / 0.93

0.11 / 0.95 

nr

El Bishry G. and Ganta, 
2008

126 progesterone < 16 nmol/l & hCG 
> 25 IU/L
Progesterone 16-80 nmol/l & 
hCG > 25 IU/L
Progesterone > 80 nmol/l & hCG 
< 1000 IU/L
Progesterone > 80 nmol/l & hCG 
> 1000 IU/L

0.03/0.44

0.71/0.57

0.03/1.0

0.23/0.99

0.44 / 0.60

0.53 / 0.50

Na / 0.99

0.03 / 0.91 

nr

Shaunik et al., 2011 173 hCG < 2000 mIU/mL 0.61 / 0.13 0.87 / 0.39 na

Serum hCG ratio

Ankum et al., 1995 85 initial hCG < 1500, hCG ratio Nr 1.0 / 0.97 nr

Dart et al., 1999b 307 hCG increase < 66%

hCG decrease < 50%

0.25 / 0.80

0.00 / 0.67

0.74 / 0.50

0.80 / 0.59

0.15 / 0.65

0.34 / 0.91

Condous et al., 2004 388 logistic regression model
M1 (cut-off hCG ratio 0.21 for 
EP; cut-off hCG ratio 0.72 for 
failing PUL)

training set
0.86 / 0.98
test set
0.81 / 0.98

training set
0.75 / 0.89
test set
0.83 / 0.88

training set
0.89 / 0.95
test set
0.90 / 0.98

Bignardi et al., 2008 940 hCG ratio > 0.87

hCG ratio < 1.66

hCG ratio < 2

1.0 / 0.73

0.07 / 0.09

0.23 / 0.05

0.85 / 0.55

0.85 / 0.36

0.92 / 0.28

0.11 / 0.03

0.98 / 0.76

0.98 / 0.58
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Logistic regression model

Gevaert et al., 2006 856 Bayesian network
Parameter prior model > 0.13

Structure an parameter prior 
model > 0.06

nr 0.77 / 0.83

0.77 / 0.80

nr

Kirk et al., 2006 357 Logistic regression model based 
on hCG ratio and prediction by 
nurse practitioner

0.89 / 0.78  0.76 / 0.84 0.78 / 0.87

Condous et al., 2007a 376 Logistic regression model M4 
(hCG ratio [hCG 48 h/hCG 0 h], 
[log] of hCG average, quadratic 
effect of the hCG ratio {[hCG 
ratio-1.17] x [hCG ratio-1.17]})

Multinomial logistic regression 
model with clinical information 
M5

0.86 / 0.96

training set
0.73 / 0.97
test set
0.86 / 0.97

0.80 / 0.89

training set
0.92 / 0.94
test set
0.79 / 0.90 

0.87 / 0.98

training set
0.97 / 0.98
test set
0.90 / 0.97

Kirk et al., 2007 363 logistic regression model M4 
(hCG ratio [hCG 48 h/hCG 0 h], 
[log] of hCG average, quadratic 
effect of the hCG ratio {[hCG 
ratio-1.17] x [hCG ratio-1.17]})

0.95 / 0.90 0.31 / 0.98 0.99 / 0.94

Condous et al., 2007b 376 logistic regression model M1 
(hCG ratio [hCG 48 h/hCG 0 h])

logistic regression model M4 
(hCG ratio [hCG 48 h/hCG 0 h], 
[log] of hCG average, quadratic 
effect of the hCG ratio {[hCG 
ratio-1.17] x [hCG ratio-1.17]})

0.86 / 0.95

training set
0.79 / 0.98
test set
0.86 / 0.96

0.73 / 0.87

training set
0.92 / 0.91
test set
0.80 / 0.89

0.86 / 0.99

training set
0.97 / 0.98
test set
0.87 / 0.98

Barnhart et al., 2010 1035 logistic regression model M4 
(hCG ratio [hCG 48 h/hCG 0 h], 
[log] of hCG average, quadratic 
effect of the hCG ratio {[hCG 
ratio-1.17] x [hCG ratio-1.17]})

UK cohort
0.88 / 0.97
US cohort
0.84 / 0.93

UK cohort
0.81 / 0.89
US cohort
0.49 / 0.87

UK cohort
0.88 / 0.99
US cohort
0.81 / 0.83

Other strategies

Condous et al., 2005b 518 Single visit protocol:
high risk PUL Progesterone 5 - 
81 nmol/l or hCG > 50 IU/L

nr training set
0.77 / 0.81
test set
0.84 / 0.33

nr

Condous et al., 2006 1003 Uterine curettage if hCG 
(0 h) ≥2000 U/l and 
progesterone (0 h) <45 nmol/l 
or hCG (0 h) <2000 U/l and hCG 
ratio <1.16

nr 0.52 / nr nr

Rivera et al., 2009 22 hCG decrease < 50% after 
manual vacuum aspiration

na 1.0 / 0.92 na
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DISCUSSION

We performed a systematic review of various serum hCG-based strategies to diagnose the 
pregnancy outcome in women with PUL. For most pregnancy outcomes, the data were 
clinically very heterogeneous, and only the outcome EP was suitable for meta-analysis. An 
absolute single serum hCG level had the lowest diagnostic value, while strategies using serum 
hCG ratios, either alone or incorporated in logistic regression models, showed reasonable 
diagnostic performance for EP.
Worldwide, different diagnostic strategies using serum hCG in women with a PUL have 
been introduced and optimised within the same population for more accurate and earlier 
diagnosis. Differences in definitions of populations (e.g. very strict ultrasound definitions of 
PUL versus any form of inconclusive scanning as defined by the clinician) and final pregnancy 
outcomes (e.g. IUP solely based on location therefore a combination of viable and non-
viable pregnancies, or very strictly defined as a pregnancy leading to the delivery of a child), 
have made the interpretation of current literature difficult and a meta-analysis of the data 
nearly impossible. It is important to realise that geographic differences in the prevalence 
of, for example EP and the a priori risk of the women enrolled, may affect the performance 
of a particular strategy. This is illustrated by the validation of a logistic regression model 
developed in the UK on a US population (37). Whereas this model had 80% sensitivity for 
EP in the UK, this decreased to 49% when applied in the US PUL population, with a similar 
specificity of 88% in both populations. A first step in improving the objective comparison 
of research outcomes in the diagnosis of PUL and in reducing clinical heterogeneity is the 
international consensus statement which has recently become available (42). This consensus 
statement proposes uniformity in definitions of population, target disease and final outcome 
of women with a PUL to allow the objective interpretation of research, objective assessment 
of future reproductive prognosis and hopefully lead to improved clinical care.
The results of the pooled data need to be interpreted with caution. First, all included 
studies were cohort studies evaluating one diagnostic test for the diagnosis EP. To date, no 
randomised controlled trials have been published comparing different diagnostic strategies 
for EP in women with PUL. Second, there was clinical heterogeneity between the studied 
populations. Most studies originating from the USA reported the evaluation of women who 
presented to emergency departments, where the ultrasound distinction between PUL and 
probable EP is not always made. In studies from European countries, women are directly 
evaluated by a specialised team in an early pregnancy unit, which may have resulted in a 
stricter ultrasound definition of PUL. Third, the reference test for the diagnosis EP was not 
uniform in all studies. The gold standard in the diagnosis of EP is laparoscopic confirmation 
but the PUL population is mostly asymptomatic and also a candidate for nonsurgical 
management. Also, laparoscopy has some limitations; early ongoing EPs are sometimes too 
small to be seen at the time of laparoscopy. In addition to laparoscopy, alternative ultrasound 
reference tests for EP were used: an ectopic gestational sac with the visualisation of a yolk 
sac or embryo, an inhomogeneous mass (blob sign) or an empty gestational sac (bagel 
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sign). This alternative reference test using ultrasound for the diagnosis of EP is also not 
without limitations. However, the diagnostic performance of TVS can achieve a sensitivity of 
between 93.2% and 94.4% (41, 43). Another reference test for EP was an increasing serum 
hCG after uterine curettage with absent chorionic villi (44).
In general, the pregnancy outcome EP alone is not the most patient centred outcome. 
Owing to the earlier diagnosis of EP, the field is moving from the clinically important EP 
that requires surgery because of a real risk to woman’s health, to those EPs where health 
practitioners act preventatively (e.g. with MTX) despite the fact that spontaneous resolution 
is possible. Current literature on the diagnostic accuracy of serum hCG strategies in women 
with PUL did not provide enough data to inform us about diagnostic criteria needed to 
distinguish between pregnancies that will lead to a viable IUP, those that do not require 
any intervention because the pregnancy is failing and those where we need to intervene 
as failure does put the woman’s health at risk. Properly conducted prospective studies are 
needed to provide this relevant data.
Some diagnostic strategies in single studies had rather low sensitivity and/or specificity. 
The natural history of PUL may be such that more time is needed (i.e. testing later in the 
pregnancy) to distinguish the pregnancy outcomes. Rendering a prediction on only a single, 
or two, serum hCG measurement may lead to an inherent misclassification. The sROC curves 
based on the pooled data show a higher sensitivity for the serum hCG ratio strategy but the 
regression models apparently have a better performance regarding specificity. In clinical 
practice these models are complex and often need computer analyses. Since most women 
with PUL are followed up by at least two serum hCG measurements, the serum hCG ratio 
strategy seems easier to implement.
In conclusion, in women with PUL the diagnostic strategies using serum hCG ratios, either 
alone or incorporated in logistic regression models, seem to have the best diagnostic 
performance in case of EP. Overall, the data were very heterogeneous and comparative 
diagnostic studies have not been performed on the diagnostic value of serum hCG in women 
with PUL. Studies directly comparing the efficacy of serum hCG strategies are warranted in 
order to identify the best strategy to diagnose pregnancy outcome in women with PUL.
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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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ABSTRACT

OBJECTIVE: To improve the interpretation of future studies in women who are initially 
diagnosed with a pregnancy of unknown location (PUL), we propose a consensus statement 
with definitions of population, target disease, and final outcome.

DESIGN: A review of literature and a series of collaborative international meetings were 
used to develop a consensus for definitions and final outcomes of women initially diagnosed 
with a PUL.

RESULTS: Global differences were noted in populations studied and in the definitions 
of outcomes. We propose to define initial ultrasound classification of findings into five 
categories: definite ectopic pregnancy (EP), probable EP, PUL, probable intrauterine 
pregnancy (IUP), and definite IUP. Patients with a PUL should be followed and final outcomes 
should be categorised as visualised EP, visualised IUP, spontaneously resolved PUL, and 
persisting PUL. Those with the transient condition of a persisting PUL should ultimately be 
classified as nonvisualised EP, treated persistent PUL, resolved persistent PUL, or histologic 
IUP. These specific categories can be used to characterize the natural history or location 
(intrauterine vs. extrauterine) of any early gestation where the initial location is unknown.

CONCLUSIONS: Careful definition of populations and classification of outcomes should 
optimise objective interpretation of research, allow objective assessment of future 
reproductive prognosis, and hopefully lead to improved clinical care of women initially 
identified to have a PUL.
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INTRODUCTION

Ectopic pregnancy (EP) occurs in about 1-2% of pregnant women and may compromise a 
woman’s health and future fertility (1). The most common clinical complaints suggestive 
for EP are symptoms of abdominal pain and/or vaginal bleeding. Unfortunately, these 
symptoms are neither sensitive nor specific for the diagnosis of EP and some women remain 
asymptomatic for a long portion of the disease progression. Practice guidelines, derived 
from evidence based literature, aim for an accurate and early diagnosis of EP to limit the 
morbidity and mortality resulting from this condition (1-5). If diagnosed early, an EP can be 
treated medically with systemic methotrexate (MTX) or with minimally invasive surgery (6).
There is a worldwide consensus regarding the utility of transvaginal ultrasound (TVS) 
and (serial) quantitative serum human chorionic gonadotrophin (hCG) concentrations in 
the diagnosis of EP. Diagnosis can be straightforward when TVS definitively identifies an 
intrauterine pregnancy (IUP) or EP (1, 6-13). However, the location of a gestation after TVS 
can be inconclusive in a substantial number of women (10, 13-15). This situation is termed 
a pregnancy of unknown location (PUL), necessitating further diagnostic tests and follow-up 
to achieve a final diagnosis (10).
Protocols using various diagnostic algorithms have been published to predict the pregnancy 
outcome and ultimately diagnose women who are initially classified as having a PUL (8, 
14, 16-25). In 2006, a consensus statement was published regarding the diagnosis and 
management of women with a PUL (10). However, in practice, differences and controversies 
in the approach and management of PUL still remain, likely due to differences in definitions 
of the population at risk and the classifications of final outcomes. To improve the ability 
to generalize future study findings of women who are initially diagnosed with a PUL, we 
propose a consensus statement with definitions of population, target disease and final 
outcome.

METHODS 

To formulate this consensus statement, we conducted a review of recent literature and 
collected data regarding populations in preparation for collaborative meetings in London 
(January 2009), Hamburg (September 2009), and Atlanta (October 2009). We developed a 
consensus for definitions and descriptions of populations.
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RESULTS 

The results of the review are presented in Tables 1 and 2 and summarised below. 

Global differences in diagnostic strategy

There are differences in the diagnostic strategy based on geography. In the UK and mainland 
Europe, it has been advocated that the use of two serum hCG concentrations assessed 48 
hours apart, expressed as a ratio, can predict the outcome of women with a PUL with good 
accuracy (7, 8, 27, 29). The strategy in the USA is to follow serial serum hCG concentrations 
until these levels deviate from what is expected for a potential viable gestation or 
miscarriage (33-35). Others have advocated the use of serum progesterone as an adjuvant 
in the diagnostic process (17, 26, 36, 37). Condous et al. demonstrated that additional use of 
clinical signs and symptoms upon presentation does not improve the accuracy of prediction 
based on the initial two serum hCG concentrations (38). In contrast in the USA, Barnhart 
et al. have demonstrated very good prediction of final outcome of women at risk for EP 
solely from presenting clinical signs and symptoms (39, 40). The American strategy for the 
diagnosis of women at risk for EP is relatively aggressive, advocating intervention and at 
times uterine curettage to distinguish a nonviable IUP from an EP (32). The UK and European 
strategy is more conservative, relying more on ultrasound diagnosis, and advocating more 
extended follow up of women with a PUL without intervention (41-44). In order to objectively 
compare strategies, it is important to first ensure that the nomenclature and definitions of 
final outcomes are consistent internationally.

Populations studied in the literature

Inclusion criteria for the populations studied in various manuscripts are often not clearly 
specified and there is a large degree of variation. Differences include dissimilarities in 
initial point of contact, evaluation and referral to other healthcare providers, as well as 
the diagnostic ultrasound criteria. Many manuscripts originating from the USA report the 
evaluation of women who have presented to an emergency department and do not receive 
a definitive diagnosis at presentation. This includes women with an ultrasound suggestive 
of, but not definitive of, an intrauterine or extrauterine gestation or with inconclusive scans. 
The TVS is usually performed by a radiologist covering the emergency department. Women 
without a definitive diagnosis are then referred to a gynaecologist for follow up (18, 35).
The populations evaluated in the manuscripts from the UK and European countries are 
often symptomatic and asymptomatic women who are evaluated within specialized 
early pregnancy units (45-47). The initial contact is with a gynaecologist or clinical nurse 
specialist who performs both the clinical evaluation and the TVS and arranges any further 
review. Because criteria for diagnosis of an IUP or EP are more liberal, more women may 
be diagnosed at the initial scan. Follow up is therefore limited to women who meet a more 
strict definition of a PUL (48, 49).
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Definitions used in the literature

In many cases the final diagnostic outcome of a PUL, such as an IUP or EP, is made by 
TVS instead of histology. The ultrasound criteria used to make the diagnosis differ in the 
manuscripts published and this affects both the population evaluated (as described above), 
as well as the classification of final outcome.

Pregnancy of Unknown Location

PUL is a descriptive term applied to women with a positive pregnancy test who have no 
evidence of either an IUP or EP on TVS. However, this term is a classification and not a final 
diagnosis. PUL is not always defined consistently in the literature (Table 1), but there is 
consensus that women with a PUL should be followed until a final diagnosis can be made. 
A clinical dilemma is weighing the risk of morbidity due to an EP against the morbidity 
associated with interventions used to achieve a definitive diagnosis and treatment. However, 
a definitive location of a PUL cannot always be determined even with ultrasound follow up, 
because both a miscarriage and an EP may resolve without intervention. The final outcomes 
of women with a PUL in the literature originating from the USA have been categorised into 
three groups: IUP, EP and miscarriage or spontaneous abortion (SAB). The literature from 
the UK and European countries has stratified final outcomes into four categories: IUP, EP, 
failed PUL and persisting PUL.

Intrauterine Pregnancy

In studies originating from USA, the diagnosis of an IUP is usually considered definitive only 
when a yolk sac or embryo is identified within an intrauterine gestational sac (unless the 
woman has a certain nonviable intrauterine gestation including an empty sac (anembryonic 
gestation), early fetal demise (embryonic demise) or retained trophoblast tissue (incomplete 
miscarriage)) (50). These outcomes would all be classified as miscarriage or SAB. In studies 
originating from UK and European countries, the definition of IUP includes women with an 
identified intrauterine gestational sac regardless of the findings of a yolk sac or embryo, and 
regardless of viability.

Miscarriage and Failed Pregnancy of Unknown Location

In the USA, women with spontaneous resolution of serum hCG levels are classified as a 
completed miscarriage and are included in the spontaneous abortion (SAB) category. The 
outcome definition “miscarriage” also includes women who underwent dilation and curettage 
with histological identification of chorionic villi, or with negative chorionic villi but postoperative 
resolution of serum hCG. In the UK and European countries, women in whom the serum hCG 
resolved without intervention are diagnosed as having a failed PUL on the basis that the 
location of the pregnancy has never been confirmed. Intervention with uterine curettage is 
rarely reported in the literature originating from the UK and European countries (42).
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Table 1. Review of the literature on PUL: population, inclusion criteria and methods

First author Year Country Setting Data collection n Population Inclusion criteria Exclusion criteria Diagnostic method

El bishry (26) 2008 UK University 
hospital

Retrospective 126 Signs and symptoms suggestive 
of EP

TVS inconclusive scan TVS: Intrauterine gestational sac/fetal pole
TVS: Presence of EP

P < 16 hCG > 25
P 16-80 hCG > 25
P >80 hCG < 1000
P > 80 hCG > 1000 

Kirk (27) 2007 UK EPU Prospective 
interventional

363 Vaginal bleeding, lower abdominal 
pain, unsure date, previous EP, 
spontaneous abortion, maternal 
anxiety

TVS no evidence IUP/EP Clinical instability or signs hemoperitoneum on TVS
hCG > 10.000 IU/L (for modeling purposes)

Initial hCG > 1000 IU/L without 
history of heavy bleeding → repeat 
scan within 24h
M4 logarithm of hCG average, hCG 
ratio and quadratic effect

Florio (28) 2007 Italy Tertiary referral 
center for 
obstetric care

Prospective 
observational

536 Vaginal bleeding, pain, cramping TVS no clear evidence of 
IUP, retained products of 
conception, or an EP

Clinical instability, hemoperitoneum, product of 
conception visualised on speculum examination

Expectant management, revision 
every 3 days, serial hCG. Surgical 
intervention based on hCG ratio 
over 48 h or clinical symptoms

Condous (29) 2007 UK EPU Prospective 
observational

376 lower abdominal pain, with or 
without vaginal bleeding, poor 
obstetric history, TVS to determine 
gestational age

Positive pregnancy test
TVS no sign of IUP or EP or 
retained products of conception

TVS any evidence of intrauterine gestational sac, 
adnexal mass thought to be EP; endo-metrial 
thickness > 15mm with heterogeneous irregular 
tissues within the uterus; clinical instability or signs 
of intra abdominal bleeding or hemoperitoneum 
on TVS

Serial TVS and hCG monitoring

Hahlin (7) 1995 Sweden University 
hospital

Prospective 80 Bleeding or mild pain
Suspected pregnancy and risk 
factors for EP

TVS failure to identify location 
gestational sac

Clinical instability, indirect sign pregnancy location 
such as open cervical canal

Risk score EP according to Thorburn 
(1986); hCG measurement within 
24-72h

Hajenius (8) 1995 NL University 
hospital

Prospective study 265 Positive pregnancy test and vaginal 
bleeding ± abdominal pain and/
or risk factors, and patients on 
routine examination.

TVS no visible pregnancy and 
hCG < 1500 IU/L

- Serial TVS and hCG monitoring 
every 48h

Rivera (30) 2009 USA General hospital Prospective cohort 
study

23 TVS no evidence IUP/EP and 
hCG > 2000 IU/L or hCG < 2000 
IU/L with abnormal rising levels 
< 66% in 48h

Clinical instability, TVS evidence of EP/IUP, heavy 
vaginal bleeding suggestive of passage of tissue, 
inability to tolerate outpatient manual vacuum 
aspiration

Manual vacuum aspiration

Dart (31) 2002 USA University 
hospital

Prospective 
observational

635 Abdominal pain or vaginal 
bleeding

TVS indeterminate, not 
diagnostic of IUP nor suggestive 
or diagnostic of an EP

TVS complex adnexal mass separate from ovary, 
extra uterine sac-like structure, moderate to large 
amount of anechoic fluid or any echogenic fluid in 
cul de sac; Patient who recently delivered; passed 
definite products of conception; patient status after 
D&C

Serial TVS

Barnhart (32) 2002 USA Tertiary care 
medical center

Retrospective 
cohort study

112 TVS no visible IUP/EP and hCG 
> 2000 IU/L or plateauing hCG < 
2000 IU/L

- D&C before treatment

PUL pregnancy of unknown location; IUP intrauterine pregnancy; EP ectopic pregnancy; P progesterone; 
TVS trans vaginal ultrasound; EPU early pregnancy unit; D&C dilation and curettage
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Table 1. Review of the literature on PUL: population, inclusion criteria and methods

First author Year Country Setting Data collection n Population Inclusion criteria Exclusion criteria Diagnostic method

El bishry (26) 2008 UK University 
hospital

Retrospective 126 Signs and symptoms suggestive 
of EP

TVS inconclusive scan TVS: Intrauterine gestational sac/fetal pole
TVS: Presence of EP

P < 16 hCG > 25
P 16-80 hCG > 25
P >80 hCG < 1000
P > 80 hCG > 1000 

Kirk (27) 2007 UK EPU Prospective 
interventional

363 Vaginal bleeding, lower abdominal 
pain, unsure date, previous EP, 
spontaneous abortion, maternal 
anxiety

TVS no evidence IUP/EP Clinical instability or signs hemoperitoneum on TVS
hCG > 10.000 IU/L (for modeling purposes)

Initial hCG > 1000 IU/L without 
history of heavy bleeding → repeat 
scan within 24h
M4 logarithm of hCG average, hCG 
ratio and quadratic effect

Florio (28) 2007 Italy Tertiary referral 
center for 
obstetric care

Prospective 
observational

536 Vaginal bleeding, pain, cramping TVS no clear evidence of 
IUP, retained products of 
conception, or an EP

Clinical instability, hemoperitoneum, product of 
conception visualised on speculum examination

Expectant management, revision 
every 3 days, serial hCG. Surgical 
intervention based on hCG ratio 
over 48 h or clinical symptoms

Condous (29) 2007 UK EPU Prospective 
observational

376 lower abdominal pain, with or 
without vaginal bleeding, poor 
obstetric history, TVS to determine 
gestational age

Positive pregnancy test
TVS no sign of IUP or EP or 
retained products of conception

TVS any evidence of intrauterine gestational sac, 
adnexal mass thought to be EP; endo-metrial 
thickness > 15mm with heterogeneous irregular 
tissues within the uterus; clinical instability or signs 
of intra abdominal bleeding or hemoperitoneum 
on TVS

Serial TVS and hCG monitoring

Hahlin (7) 1995 Sweden University 
hospital

Prospective 80 Bleeding or mild pain
Suspected pregnancy and risk 
factors for EP

TVS failure to identify location 
gestational sac

Clinical instability, indirect sign pregnancy location 
such as open cervical canal

Risk score EP according to Thorburn 
(1986); hCG measurement within 
24-72h

Hajenius (8) 1995 NL University 
hospital

Prospective study 265 Positive pregnancy test and vaginal 
bleeding ± abdominal pain and/
or risk factors, and patients on 
routine examination.

TVS no visible pregnancy and 
hCG < 1500 IU/L

- Serial TVS and hCG monitoring 
every 48h

Rivera (30) 2009 USA General hospital Prospective cohort 
study

23 TVS no evidence IUP/EP and 
hCG > 2000 IU/L or hCG < 2000 
IU/L with abnormal rising levels 
< 66% in 48h

Clinical instability, TVS evidence of EP/IUP, heavy 
vaginal bleeding suggestive of passage of tissue, 
inability to tolerate outpatient manual vacuum 
aspiration

Manual vacuum aspiration

Dart (31) 2002 USA University 
hospital

Prospective 
observational

635 Abdominal pain or vaginal 
bleeding

TVS indeterminate, not 
diagnostic of IUP nor suggestive 
or diagnostic of an EP

TVS complex adnexal mass separate from ovary, 
extra uterine sac-like structure, moderate to large 
amount of anechoic fluid or any echogenic fluid in 
cul de sac; Patient who recently delivered; passed 
definite products of conception; patient status after 
D&C

Serial TVS

Barnhart (32) 2002 USA Tertiary care 
medical center

Retrospective 
cohort study

112 TVS no visible IUP/EP and hCG 
> 2000 IU/L or plateauing hCG < 
2000 IU/L

- D&C before treatment

PUL pregnancy of unknown location; IUP intrauterine pregnancy; EP ectopic pregnancy; P progesterone; 
TVS trans vaginal ultrasound; EPU early pregnancy unit; D&C dilation and curettage
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Table 2. Review of the literature on PUL: final outcome definitions

First author Year Country IUP EP Miscarriage Failed PUL Persisted PUL

El bishry (26) 2008 UK - - - - -

Kirk (27) 2007 UK TVS intra uterine gestational sac 
± fetal pole ± cardiac activity, 
or heterogeneous tissue within 
endometrial cavity suggestive of 
retained products of conception 

TVS blob sign, bagel sign, ectopic gestational 
sac with/without cardiac activity

hCG ratio < 0.87 day 0/7 Analysed as EPs

Florio (28) 2007 Italy TVS intra uterine gestational sac TVS adnexal mass, final diagnosis at 
laparoscopy and histology

Histology after evacuation of uterine 
contents

Spontaneous decrease of hCG to 
< 5 IU/L, with disappearance of 
symptoms 

-

Condous (29) 2007 UK TVS intra uterine gestational sac TVS blob sign, bagel sign, ectopic gestational 
sac with/without cardiac activity and/or 
laparoscopy with histology of chorionic villi

- P < 20 nmol/L at presentation + fall in 
serum hCG < 5 IU/L

Treated with MTX, location remains 
unknown, excluded in analysis

Hahlin (7) 1995 Sweden - Laparoscopic diagnosis Histology after evacuation of uterine 
contents

Spontaneous resolution -

Hajenius (8) 1995 NL - Strong suspicion EP thus indication for 
laparoscopy: Repeatedly negative TVS and 
hCG > 1000 IU/L 
Plateauing hCG during follow-up

- Trophoblast in regression, declining 
hCG during follow-up in a patient 
with a harmless clinical picture. 
Analysed as no EP

-

Rivera (30) 2009 USA Not applicable hCG decrease < 50% after D&C and no 
chorionic villi at pathology

Abnormal IUP: hCG decrease ≥ 50% with 
chorionic villi
Complete SAB: hCG decrease ≥ 50% 
without chorionic villi

- -

Dart (31) 2002 USA Delivery or fetal heartbeat at TVS EP visualised at laparoscopy, EP at follow-
up TVS examination, hCG levels increase 
or plateau after D&Cand without villi at 
pathology

TVS abnormal sac, echogenic material, 
hCG > 3000 without intra uterine sac or 
decreasing hCG levels before curettage 
and evidence of chorionic villi at 
pathology
No villi after curettage but hCG levels 
decreasing to zero without intervention
No curettage and hCG levels that decrease 
to zero without intervention

- -

Barnhart (32) 2002 USA Not applicable Absence of chorionic villi or an increase in 
hCG after D&C, presence of chorionic villi in 
tube after laparoscopy

Presence of chorionic villi at pathology 
or consistent decline with complete 
resolution of hCG post operatively

- -

PUL pregnancy of unknown location; IUP intrauterine pregnancy; EP ectopic pregnancy; D&C dilation and curettage 
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Table 2. Review of the literature on PUL: final outcome definitions

First author Year Country IUP EP Miscarriage Failed PUL Persisted PUL

El bishry (26) 2008 UK - - - - -

Kirk (27) 2007 UK TVS intra uterine gestational sac 
± fetal pole ± cardiac activity, 
or heterogeneous tissue within 
endometrial cavity suggestive of 
retained products of conception 

TVS blob sign, bagel sign, ectopic gestational 
sac with/without cardiac activity

hCG ratio < 0.87 day 0/7 Analysed as EPs

Florio (28) 2007 Italy TVS intra uterine gestational sac TVS adnexal mass, final diagnosis at 
laparoscopy and histology

Histology after evacuation of uterine 
contents

Spontaneous decrease of hCG to 
< 5 IU/L, with disappearance of 
symptoms 

-

Condous (29) 2007 UK TVS intra uterine gestational sac TVS blob sign, bagel sign, ectopic gestational 
sac with/without cardiac activity and/or 
laparoscopy with histology of chorionic villi

- P < 20 nmol/L at presentation + fall in 
serum hCG < 5 IU/L

Treated with MTX, location remains 
unknown, excluded in analysis

Hahlin (7) 1995 Sweden - Laparoscopic diagnosis Histology after evacuation of uterine 
contents

Spontaneous resolution -

Hajenius (8) 1995 NL - Strong suspicion EP thus indication for 
laparoscopy: Repeatedly negative TVS and 
hCG > 1000 IU/L 
Plateauing hCG during follow-up

- Trophoblast in regression, declining 
hCG during follow-up in a patient 
with a harmless clinical picture. 
Analysed as no EP

-

Rivera (30) 2009 USA Not applicable hCG decrease < 50% after D&C and no 
chorionic villi at pathology

Abnormal IUP: hCG decrease ≥ 50% with 
chorionic villi
Complete SAB: hCG decrease ≥ 50% 
without chorionic villi

- -

Dart (31) 2002 USA Delivery or fetal heartbeat at TVS EP visualised at laparoscopy, EP at follow-
up TVS examination, hCG levels increase 
or plateau after D&Cand without villi at 
pathology

TVS abnormal sac, echogenic material, 
hCG > 3000 without intra uterine sac or 
decreasing hCG levels before curettage 
and evidence of chorionic villi at 
pathology
No villi after curettage but hCG levels 
decreasing to zero without intervention
No curettage and hCG levels that decrease 
to zero without intervention

- -

Barnhart (32) 2002 USA Not applicable Absence of chorionic villi or an increase in 
hCG after D&C, presence of chorionic villi in 
tube after laparoscopy

Presence of chorionic villi at pathology 
or consistent decline with complete 
resolution of hCG post operatively

- -

PUL pregnancy of unknown location; IUP intrauterine pregnancy; EP ectopic pregnancy; D&C dilation and curettage 
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Ectopic Pregnancy and Persisting Pregnancy of Unknown Location

In manuscripts originating from the USA, the ultrasound criteria to diagnose an EP include 
only the findings of an extrauterine gestational sac with the visualisation of a yolk sac or 
embryo. Other diagnostic criteria for an EP are increasing serum hCG levels after uterine 
evacuation. In the manuscripts originating from UK and European countries, the ultrasound 
diagnosis of an EP is more liberal including the finding of an extrauterine inhomogeneous 
mass (blob sign), or an extrauterine empty gestational sac (bagel sign) (15,51). If no IUP or 
EP is visualised by TVS but women have a plateau or rise in serial serum hCG concentrations, 
the situation is classified as a persisting PUL. Some women with a persisting PUL are 
managed expectantly without surgical intervention or are treated with systemic MTX. The 
literature provides neither a precise definition for when to classify a persisting PUL nor when 
medical management versus expectant management is recommended. Practice varies in 
these regards.

Consensus Statement with Definitions of Population, Target Disease and Outcome

Differences in the criteria used to describe women with a PUL can result in potentially 
meaningful differences in populations reported in the literature. There was consensus that 
the final outcomes of a woman with a PUL were not clearly and consistently used in all 
manuscripts. It was agreed that careful definition of populations and classification of final 
outcomes are essential so that both past and future research can be interpreted correctly.

Description of Population

A study population must be defined clearly if results are to be interpreted appropriately. It 
is proposed that study populations should be optimally described by listing the criteria used 
to make a diagnosis of IUP or EP, and clarifying which women were followed until a final 
diagnosis was made and which women were not evaluated further.

The following categorisation for ultrasound diagnosis is proposed (Figure 1): 
Definite EP:  Extrauterine gestational sac with yolk sac and/or embryo (with or without  
 cardiac activity)
Probable EP:  Inhomogeneous adnexal mass or extrauterine sac-like structure
PUL:  No signs of either EP or IUP
Probable IUP:  Intrauterine echogenic sac-like structure
Definite IUP: Intrauterine gestational sac with yolk sac and/or embryo (with or without  
 cardiac activity)

At presentation, a woman can be classified as being in one of the five categories based on 
ultrasound findings. When classified as Probable EP, PUL or Probable IUP (category 2, 3, or 
4) a woman can shift to Definite EP or Definite IUP (category 1 or 5) during the diagnostic 
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Definite Ectopic
Pregnancy

Extrauterine gesta�onal sac with 
yolk sac and/or embryo (with or 

without cardiac ac�vity)

Probable Ectopic
Pregnancy

Inhomogeneous adnexal mass or 
extrauterine sac-like structure

Pregnancy of 
Unknown Loca�on

No signs of intrauterine or 
extrauterine gesta�on on 
transvaginal sonography

Probable Intrauterine 
Pregnancy

Intrauterine echogenic sac-like 
structure

Definite Intrauterine 
Pregnancy

Intrauterine gesta�onal sac with 
yolk sac and/or embryo (with or 

without cardiac ac�vity)

Figure 1. Classification scheme for women with a positive pregnancy test at first TVS

process. Categories 1 and 5 are considered definitive diagnostic classifications.
Another essential factor to include in the description of the population is information that 
may have an impact on the underlying risk of EP. For example, it should be stated if the 
population includes symptomatic women (abdominal pain and/or vaginal bleeding), women 
at risk for EP without clinical symptoms (such as women who have had a previous EP or 
tubal surgery, who have conceived with assisted reproduction techniques (ART), who have 
a tubal ligation or IUD in place, or have a history of salpingitis), or asymptomatic, low risk 
women presenting for hyperemesis, dating, or reassurance (52).

Definition of final outcomes

There was consensus that final outcomes reported in manuscripts should be as definitive as 
possible, to avoid the use of active or present tense terms (i.e. failing, resolving) and to be 
as comprehensive as possible. It is important to specify the criteria used to make a diagnosis 
of EP or IUP so that the reader can judge the level of certainty. For example, the ultrasound 
criteria used to diagnose an EP or IUP should be clearly stated. Of additional importance 
is the documentation of the ultrasound criteria used to classify the various categories of a 
nonviable IUP (50, 53).
The following categorisation of final outcomes of women with a PUL is proposed (Figure 2): 
1: A visualised EP; this is a confirmed EP identified by TVS or at the time of surgery. As   
 there are differences in criteria used for ultrasound diagnosis, the criteria used should  
 be explicitly stated in a manuscript.
2:  A visualised IUP; this is a confirmed IUP identified by TVS, regardless of the viability.   
However, whenever possible this category should be further subdivided based on viability: 
• viable IUP (normal ultrasound milestones for gestational age)
• IUP of uncertain viability (definitive ultrasonic evidence of an IUP but milestones are 
insufficient to state if the gestation is viable) or
• non-viable intrauterine gestation (definitive ultrasonic evidence of empty sac, embryonic 
demise, or retained trophoblastic tissue).
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3: A spontaneously resolved PUL; this term should be used for women who start as 
 having a PUL but have a spontaneous resolution of serum hCG to undetectable levels  
 without surgical or medical intervention. This definition takes into account that the   
 exact location of the gestation is never identified.
A persisting PUL is used to describe a gestation that starts as a PUL that is followed with 
serial serum hCG levels and/or TVS but is neither visualised nor resolves spontaneously. 
Similar to the term PUL, the term persisting PUL is a classification and not a final diagnosis. 
The final outcome of a persisting PUL is dependent on intervention or therapy as per local 
standards. Final outcomes include:
4:  A non-visualised EP is defined as a rising serum hCG level after uterine evacuation.
5:  A treated persistent PUL is defined as those who are treated medically without   
 confirmation of the location of the gestation by TVS, laparoscopy or uterine evacuation.
6: A resolved persistent PUL is defined as resolution of serum hCG levels after expectant  
 management or after uterine evacuation (without medical therapy) without evidence  
 of chorionic villi on pathology.
7:  A histological IUP is defined as identification of chorionic villi in the contents of the   
 uterine evacuation.

Non-Visualised 
Ectopic Pregnancy

Persistent or rising hCG levels 
a�er uterine evacua�on

Treated 
Persistent PUL

Medical management of PUL 
without confirma�on of loca�on 

of the gesta�on

Resolved
Persistent PUL

Spontaneous resolu�on of hCG 
levels with expectant management 
or a�er uterine evacua�on without 

evidence of chorionic villi on 
pathology

Histological
Intrauterine Pregnancy

Chorionic villi iden�fied in 
contents of uterine evacua�on

Visualised
Ectopic Pregnancy

Evidence of ectopic pregnancy on 
transvaginal sonography (TVS) or 

via laparoscopy

Spontaneously
Resolved PUL

Spontaneous resolu�on of hCG 
levels

Visualised
Intrauterine Pregnancy

Evidence of intrauterine 
pregnancy on TVS

Should be classified as viable, 
viability uncertain or nonviable

Persis�ng PUL

Pregnancy of Unknown 
Loca�on (PUL)

Figure 2. Classification of final outcomes of women with a PUL
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This proposed classification system was designed to reflect the natural history and 
diagnostic approach of women with a PUL. Ultimately, these definitions can be collapsed to 
best describe the final location of the gestation, which may better be used for the purposes 
of determining reproductive prognosis. When collapsed, the final categories are EP, IUP, 
treated PUL or failed PUL (Figure 3).

DISCUSSION

Around the globe, research is ongoing in women at risk for EP who are initially classified 
by TVS as having a PUL. Active research is focusing on the optimal surveillance, diagnostic 
criteria and treatment strategies in these women. New diagnostic procedures and predictors 
of final outcomes in women with a PUL have resulted in the earlier diagnosis of women with 
EP, reducing both morbidity and mortality of this disease. Not unexpectedly, differences 
in management and clinical care have arisen in different healthcare environments. There 
is consensus regarding the utility of quantitative serial serum hCG values and ultrasound 
for the diagnosis of EP in women initially classified as having a PUL. Serum progesterone 
measurements may also help to identify women at risk for EP, but the discriminative capacity 
is insufficient to diagnose EP with certainty (21, 36).
The goal of this manuscript is not to advocate one specific strategy, but to highlight that 
differences in definitions of populations and final outcomes have made the interpretation 
of current medical literature regarding women with PUL problematic. As such, it has been 
difficult to validate and extrapolate study findings from one geographical area to clinical 
practice in another.
The specification of populations studied is important for clinical research. Differences 
in a priori risk of a disease and prevalence of a disease will affect the diagnostic test  
characteristics. It was only after face to face discussions between US, UK, and European 
research groups that fundamental differences in the populations under study were 

 Ectopic Pregnancy

Visualised Ectopic Pregnancy 
Evidence of ectopic pregnancy on 

transvaginal sonography (TVS)
or via laparoscopy

Non-visualised Ectopic Pregnancy
Persistent or rising hCG levels 

a�er uterine evacua�on

Resolved PUL

Spontaneously Resolved PUL
Spontaneous resolu�on of 

hCG levels

Resolved Persistent PUL
Spontaneous resolu�on of hCG 

levels with expectant 
management or a�er uterine 

evacua�on without evidence of 
chorionic villi on pathology

Treated PUL

Treated Persistent PUL
Medical management of PUL 
without confirma�on of the 

loca�on of the gesta�on

Intrauterine Pregnancy

Visualised Intrauterine Pregnancy
Evidence of intrauterine 

pregnancy of TVS
Should be classified as viable, 

viability uncertain or nonviable

Histological Intrauterine 
Pregnancy

Chorionic villi iden�fied in 
contents of uterine evacua�on

Pregnancy of Unknown
Loca�on (PUL)

Figure 3. Collapsed classification system to describe the final location of the gestation.
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appreciated. For example, the populations studied in manuscripts from the USA have 
included women from ultrasound category 2, 3 and 4, while the populations under study 
from manuscripts from the UK have included only women in ultrasound category 3 (see 
Figure 1). Transparency and completeness in the description of study populations will 
limit future misinterpretation.Defining final outcomes is also important for quality clinical 
research. There are still knowledge gaps and great variations in the natural history of 
miscarriage and EP. While it is recognised that it is not possible to definitively diagnose 
all women at risk for EP, a clear definition of final outcomes is pivotal for interpreting the 
findings of clinical research studies. The definitive ascertainment of ultimate viability of an 
IUP is beyond the scope of this manuscript. However, clear definitions and frequency of 
sub-outcomes of women with an IUP using suggested terms such as viable, nonviable or 
uncertain viability will allow objective comparison of the findings of future studies.
The definitions we have proposed are designed to reflect current diagnostic and surveillance 
strategies for women with a PUL. As the diagnostic process continues, the aim is that all 
women with an initial ultrasound classification of a PUL should have an ultimate diagnosis of 
an IUP, an EP or spontaneous resolution of a pregnancy which remains of unknown location. 
A second transient time point during the diagnostic process of women with a PUL is when 
a diagnosis is not apparent after serial evaluations and a woman is defined as having a 
persisting PUL. The approach to clinical care in different areas reflects how the clinician 
balances tolerance of potential morbidities from diagnostic measures against perceived 
risks of a delay in diagnosis or the need for a definitive diagnosis. The ability to determine 
the final outcome of a woman with a persisting PUL depends upon local thresholds for 
further diagnostic or therapeutic intervention.
The specificity of the final outcomes proposed was designed to allow investigators and 
clinicians to potentially reclassify outcomes to match their interests. If the goal is to develop 
a test or procedure to aid in determination of follow-up frequency for women at risk for tubal 
rupture, one may wish to compare women with a persisting PUL (and its subcategories) to 
situations where serial TVS is able to diagnose an IUP or EP. The definition of histological 
IUP captures inherent differences in the clinical course of a woman with a slow decline or 
plateau in the serial hCG levels who was found to have chorionic villi on uterine evacuation 
and a woman with rising serial hCG levels noted to have an IUP confirmed by TVS on a 
subsequent visit.
An alternate research interest may be to distinguish an IUP from an EP regardless of the 
time or steps necessary to make a definitive diagnosis. In this situation, the histological IUP 
category can be combined with the visualised IUP category. Similarly, the non-visualised 
EP category can be combined with the visualised EP category. Another important area of 
clinical research would be to establish criteria for expectant management of women with 
PUL. Research could focus on categories in which there is equipoise between expectant 
management and intervention. When such research confirms that expectant management 
is safe and accepted by women, diagnostic criteria can be adjusted and new studies can be 
started. 
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Research will continue to define the optimal approach to women at risk for EP. By using 
more precise and consistent language in the descriptions of patients, their risk factors 
and their diagnoses, one can focus on strategies to identify women who need increased 
surveillance, as opposed to those whose pregnancies are likely to resolve spontaneously 
without intervention. Our proposed nomenclature will optimise objective interpretation 
of future research and the ability to objectively assess future reproductive prognosis. 
Ultimately, consensus should aid in the generalisability of study results and potentially lead 
to improved clinical care. It is strongly encouraged that from now on the frequency and 
percentage of women categorised into each initial classification group and subsequent final 
outcome and sub-outcome group should be included in each paper on women with a PUL.
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ABSTRACT

OBJECTIVE: To study the association between patient-related risk factors and severe 
maternal morbidity in women with tubal ectopic pregnancy (EP). Furthermore, to identify 
substandard care factors in clinical care management of EP.

DESIGN: Case-control study.

SETTING: Not applicable.

PATIENT(S): Case subjects were from the LEMMoN study, a prospective nationwide cohort 
study. Control subjects were from the ESEP study, an international multicentre randomised 
controlled trial.

INTERVENTION(S): Case subjects were women with tubal EP complicated by severe 
intra-abdominal haemorrhage necessitating blood transfusion of ≥4 units of packed red 
blood cells peri- or postoperatively. Control subjects were women with tubal EP who were 
haemodynamically stable and surgically treated.

MAIN OUTCOME MEASURE(S): Patient-related risk factors as: maternal age, gestational 
age, previous EP, Chlamydia infection, pelvic inflammatory disease, assisted reproductive 
techniques, and serum hCG level. Substandard care categories classified as unawareness of 
the clinician, misdiagnosis, and nonadherence to the guideline on EP.

RESULT(S): Twenty-nine case subjects and 99 control subjects were included. The mean 
serum hCG level was significantly higher in case subjects compared with control subjects, 
but we found no reliable cut-off level of serum hCG to rule out maternal morbidity. Other 
risk factors did not differ significantly. Substandard care was scored more often in case 
subjects (43%) than in control subjects (14%), mainly concerning misdiagnosis.

CONCLUSION(S):  No patient-related risk factors for severe intra-abdominal haemorrhage 
in women with tubal EP were identified. Our findings underpin the importance of awareness 
of EP among young fertile women and care providers and clinical care management 
according to the guidelines to prevent severe maternal morbidity.
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INTRODUCTION

Ectopic pregnancy (EP) is a common medical condition. The incidence of EP is 10 to 20 per 
1,000 live births (1). EP can be a life-threatening condition as a result of tubal rupture with 
massive intra-abdominal bleeding resulting in shock (2). Because fatal cases are rare and 
therefore not well suited for studying the quality of care in women with EP, an alternative 
quality indicator is provided by severe maternal morbidity.
It is unknown whether patient-related risk factors for EP are involved in severe maternal 
morbidity in women with EP. Cohort studies on risk factors for tubal rupture show 
contradictory results (3-6). One study found tubal rupture more often in women with at 
least one child and no history of EP (5). Other studies concluded that tubal rupture cannot 
be predicted on the basis of any known risk factor, transvaginal sonography (TVS) finding, or 
serum hCG level (3, 7, 8). More recently, parity, a previous EP, and serum hCG level ≥5,000 
IU/L were reported to be significant risk factors for tubal rupture (4, 6). All of these studies 
were retrospective cohort studies and investigated perioperative findings of tubal rupture 
but did not take clinical and diagnostic findings into account. In a prospective cohort study, 
abdominal pain, rebound tenderness, fluid in the pouch of Douglas on TVS, and a low serum 
haemoglobin level were reported as independent predictors of tubal rupture and/or active 
intra-abdominal bleeding (9).
To improve women’s health, evidence-based guidelines on early and accurate diagnosis 
and treatment of EP have been developed worldwide (10-12). Despite these guidelines, the 
maternal mortality ratio (MMR) for EP in the past decades has remained static, albeit at a 
low level (2). How substandard care plays a role in this phenomenon is unknown. Prevention 
of severe maternal morbidity in EP thus remains a major challenge.
We performed a case-control study on the association between patient-related risk factors 
and the occurrence of massive intra-abdominal haemorrhage in women with tubal EP. 
Furthermore, we identified substandard care factors in clinical care management of EP.

METHODS

Assessment of Patient-Related Risk Factors

To study whether patient-related risk factors are involved in severe maternal morbidity, 
we performed a case-control study. Women with a tubal EP complicated by severe intra-
abdominal haemorrhage (case subjects) were compared with haemodynamically stable 
women who were surgically treated for tubal EP (control subjects).
Cases were defined as women with a tubal EP complicated by severe intra-abdominal 
haemorrhage necessitating a transfusion of ≥4 units of packed red blood cells. These women 
were collected from the LEMMoN (nationwide enquiry into the role of ethnicity in severe 
maternal morbidity in the Netherlands) study, a 2-year nationwide prospective study that 
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reported on the incidence, case fatality rate, risk factors, and substandard care in severe 
acute maternal morbidity (SAMM) in the Netherlands. All women with SAMM between 
August 2004 and August 2006 were collected (13). That study was centrally approved by the 
Medical Ethics Committee of Leiden University Medical Centre (P04-020; March 8, 2004). 
Major obstetric haemorrhage, defined as transfusion of ≥4 units of packed red blood cells, 
accounted for one-half of all cases of SAMM. From that group, we selected all women with 
an EP as a derivative of severe intra-abdominal bleeding. Because of their rarity, heterotopic 
and nontubal EPs were excluded. 
Control subjects were collected from women who had been operated for tubal EP in 
The Netherlands as part of the ESEP (European Surgery in Ectopic Pregnancy) study 
(ISRCTN37002267), an ongoing international multicentre randomised controlled trial that 
started in October 2005, comparing salpingotomy and salpingectomy in hemodynamic 
stable women with a tubal EP and a healthy contralateral tube (14). Approval for that 
study was obtained from the Medical Ethics Committee of the Academic Medical Centre 
(MEC 03/262). We included women who were enrolled between October 2005 and June 
2009. Women in the ESEP study with transfusion of ≥4 units of packed red blood cells were 
excluded as control subjects.
Clinical data from case and control subjects were retrospectively collected from the 
blinded case record forms. Additional data were made available by the coordinators from 
the LEMMoN and ESEP studies. The collected data were baseline findings, patient-related 
risk factors, and substandard care indicators. Baseline findings were clinical symptoms 
at presentation, type of surgery, and perioperative findings. Patient-related risk factors 
were maternal age, gestational age, and serum hCG level at time of surgery, gravidity, 
parity, previous miscarriage, previous termination of pregnancy (TOP), history of EP, molar 
pregnancy, genital Chlamydia trachomatis infection, pelvic inflammatory disease (PID), 
diethylstilbestrol (DES) exposition, and assisted reproductive techniques (ART).

Assessment of Substandard Care

In the Netherlands, a guideline for EP has been available since 2001 describing a non-
invasive diagnostic algorithm together with evidence-based treatment suggestions for 
surgery, medical treatment with systemic methotrexate, and expectant management (11). 
The diagnostic algorithm is based on TVS and serial serum hCG monitoring as shown in 
Figure 1 (15).

Substandard care was scored into three categories in which improvement in clinical care 
management could be made. Substandard care was scored independently by three authors, 
based on the decision of the care provider (general practitioner, emergency physician, 
midwife, or gynaecologist), clinical symptoms, sonographic findings, serum hCG levels, and 
timing of re-evaluation or intervention, into the following categories: 
 



97

SEVERE MATERNAL MORBIDITY IN ECTOPIC PREGNANCY

5

Figure 1. Flowchart guideline for tubal ectopic pregnancy (EP) diagnosis and treatment. 
IUP: intrauterine pregnancy; PUL: pregnancy of unknown location; TVS: transvaginal sonography. 
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1.  “Unawareness”: possibility of EP never considered by the general practitioner,   
 emergency physician, or midwife and therefore no referral to a gynaecologist.
2.  “Misdiagnosis”: nonviable intrauterine pregnancy (IUP) or miscarriage diagnosed on  
 TVS by the gynaecologist.
3.  “Nonadherence to the guideline”: 
 a.  Diagnostic delay: probable EP but no or delayed serum hCG monitoring.
 b.  Therapeutic delay: intervention for EP indicated but no or delayed treatment.

Data Analysis

The dataset was analysed with the use of SPSS software. Shapiro-Wilk tests were applied to 
assess the normality of the data. Normally distributed group differences were tested with 
the unpaired Student t test. When data were not normally distributed, the nonparametric 
Mann-Whitney test was applied. The frequencies or categoric variables were compared with 
the χ2 test. Based on the probabilities, we calculated P values for the occurrence of severe 
maternal morbidity from EP, i.e., the necessity of a blood transfusion of ≥4 units of packed 
red blood cells. The association between potential patient-related risk factors and the 
occurrence of severe maternal morbidity was addressed in a univariable and multivariable 
analysis. The association between each variable and the occurrence of severe maternal 
morbidity was expressed as P value in univariable analysis. Multivariable logistic regression 
analysis was used to estimate the contribution of potential patient-related risk factors to the 
occurrence of severe maternal morbidity. The multivariable analysis included all potential 
risk factors with P values <.50 in the univariable analysis. For the continuous variable 
serum hCG level, we estimated diagnostic cut-off levels ranging from 2,000 IU/L, based on 
the discriminatory zone principle in the guideline (15), to 5,000 IU/L in concordance with 
literature on risk factors for tubal rupture (4). The substandard care differences between 
case and control subjects were tested with the two-sided Fisher exact test owing to the 
small numbers in each category.

RESULTS

We identified 32 case and 101 control subjects. We excluded three case subjects, i.e., two 
heterotopic pregnancies and one interstitial EP, and two control subjects who received ≥4 
units of packed red blood cells, thus leaving 29 case and 99 control subjects.
The baseline characteristics are described in Table 1. The average number of missing values 
of patient-related risk factors was equally distributed between case and control subjects. As 
expected, haemorrhagic shock and rebound tenderness were more present in case than in 
control subjects. Surgery was started by laparotomy in six case subjects (21%) and all of the 
control subjects. Conversion to laparotomy occurred in 11 case subjects (34%) compared 
with one control subject (1%). Salpingectomy was performed in 27 case subjects (93%) and 
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Table 1. Baseline characteristics

Clinical symptoms Cases (n) (%) Controls (n) (%)

Abdominal pain yes 28 96.6 87 87.9

no 0 0 10 10.1

unknown 1 3.4 2 2

Vaginal bleeding yes 17 58.6 75 75.8

no 8 27.6 19 19.2

unknown 4 13.8 5 5.1

Haemorrhagic shock yes 14 48.3 1 1

no 11 37.9 93 93.9

unknown 4 13.8 5 5.1

Rebound tenderness yes 14 48.3 10 10.1

no 10 34.5 84 84.8

unknown 5 17.2 5 5.1

Treatment and peri-operative findings

Abdominal surgery laparotomy 6 20.7 0 0

laparoscopy 23 79.3 99 100

Conversion laparoscopy to laparotomy yes 11 37.9 1 1

no 12 41.4 98 99

not applicable 6 20.7 0 0

Tubal surgery salpingectomy 27 93.1 55 55.6

salpingotomy 2 6.9 44 44.3

Conversion salpingotomy to salpingectomy yes 1 3.4 9 9.1

no 1 3.4 35 35.4

not applicable 27 93.1 55 55.6

Contra lateral tubal pathology yes 4 13.8 1 1

no 23 79.3 97 98

unknown 2 6.9 1 1

Units of packed red blood cells 0 0 0 91 93.8

2 0 0 5 5.2

3 0 0 1 1

≥ 4 29 100 0 0

Tubal rupture yes 21 72.4 15 15.2

no 6 20.7 78 78.8

unknown 2 6.9 6 6.1

Estimated blood loss (mL) mean SD mean SD

blood loss mL 2362.5 876.9 357.4 501.4

Medical history

History of tubal pathology yes 4 13.8 2 2

no 17 58.6 80 81.6

unknown 8 27.6 16 16.3
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Table 2. Patient related risk factors

Cases (n) Controls (n)  

mean SD mean SD p-value

Maternal age 
(years)

32.6 5.1 31.9 5.9 0.54  (-1.77 - 3.4)

Gestational age at time
of surgery (days)

47.4 19.5 45 14.0 0.58 (-6.34 - 11)

Cases (n) % Controls (n) % Odds ratio

(95%CI) 

p-value

Gravidity 1 10 35.7 20 22 1.97 (0.8-4.9)

2 9 31.2 23 25.3

≥3 9 33.1 48 52.8 0.14

Parity 0 13 46.4 37 40.7 1.26 (0.5-3.0)

1 10 35.7 30 33

≥2 5 17.9 24 26.4 0.65

Miscarriage 0 25 92.6 67 74.4 4.29 (0.9-19.5)

1 1 3.7 14 15.6

≥2 1 3.7 9 10 0.13

TOP 0 22 80.8 64 71.9 1.72 (0.6-5.0)

1 4 15.4 16 18

≥2 1 3.8 9 10.1 0.51

EP 0 23 92 84 94.4 1.46 (0.3-8.0)

≥1 2 8 5 5.6 0.65

Molar pregnancy yes 0 0 0 0 n.a.

no 29 100 99 100

Genital Chlamydia yes 2 6.9 10 10.2 1.11 (0.2-5.9)

no 9 31 50 51 0.9

unknown 18 62.1 38 38.8

PID yes 2 7.1 2 2 5.6 (0.7-44.5)

no 10 32.1 56 57.1 0.07

unknown 17 60.7 40 40.8

DES exposure yes 0 0 4 4.1 0.36 (0.02-6.8)

no 29 100 94 95.5 0.27

ART yes 6 20.7 16 16.2 1.56 (0.5-4.6)

no 18 62.1 75 75.8 0.4

unknown 5 17.2 8 8

ART in current 
pregnancy

yes 4 13.8 12 12.1 1.23 (0.4-4.2)

no 20 69.0 74 74.7 0.74

unknown 5 17.2 13 13.1
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55 control subjects (56%); the control subjects were randomised (1:1) between salpingotomy 
and salpingectomy. A history of tubal pathology was present in four case subjects (14%) and 
two control subjects (2%).
Data on potential patient-related risk factors are provided in Table 2. In the univariable 
analysis, maternal age, gestational age at time of surgery, gravidity, parity, previous 
miscarriage, previous TOP, history of EP, molar pregnancy, genital Chlamydia trachomatis 
infection, PID, DES exposition, and ART did not differ significantly between the case and 
control subjects. The mean serum hCG level at time of surgery was significantly higher 
in the case compared with the control subjects: 13,648 IU/L ± 18,906 versus 5,974 IU/L  
± 11,873, respectively (P=.04). The multivariable analysis included gravidity (odds ratio [OR] 
2.0, 95% CI: 0.8-4.9), miscarriage (OR 4.3, 95% CI: 0.9-19.5), PID (OR 5.6, 95% CI: 0.7-44.5), 
DES, ART (OR 1.6, 95% CI: 0.5-4.6), and perioperative serum hCG level, because these were 
all potential patient-related risk factors with P values <.50 in the univariable analysis. In 
the multivariable analysis, no reliable estimation could be made for miscarriage, PID, DES, 
and previous ART, because the groups were too small. The only significant risk factor in the 
multivariable analysis was the perioperative serum hCG level, and gravidity and pregnancy 
after IVF did not contribute. The stratification of serum hCG levels showed that the specificity 
of the cut-off serum hCG levels did not exceed 74%, indicating that serum hCG cut-off levels 
were not specific enough to rule out the possibility of severe intra-abdominal bleeding.
For the substandard care analyses we excluded 15 of the 29 women with severe intra-
abdominal haemorrhage. These women presented with hemodynamic instability at first 
presentation and required emergency surgery. Data were insufficient to deduce whether 
these women were asymptomatic, did not seek medical attention despite clinical symptoms, 
did not follow medical advice, or received inadequate or incorrect medical evaluation.

Mean SD Mean SD

Serum hCG concentration at
time of surgery (IU/L) 

13,648 18,906 5,974 11,873        0.04

Cut-off levels 

serum hCG:

Cases (n) Controls (n) Sensitivity / 

Specificity

0-2,000 5 45

>2,000 14 51 0.74 / 0.47

0-3,000 7 52

>3,000 12 44 0.63 / 0.54

0-4,000 9 62

>4,000 10 34 0.53 / 0.65

0-5,000 9 71

>5,000 10 25 0.53 / 0.74

Cases: women with ectopic pregnancy complicated by severe haemorrhage necessitating blood transfusion of four or more 
units of packed red blood cells. Controls: women with ectopic pregnancy, haemodynamically stable and surgically treated
ART = assisted reproductive treatment; DES = diethylstilbestrol; EP = ectopic pregnancy; hCG = human chorionic gonadotrophin; 
PID = pelvic inflammatory disease; SD = standard deviation; TOP = termination of pregnancy
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The substandard care categories of the case and control subjects are described in Table 
3. Overall, the incidence of substandard care was significantly higher in the case subjects 
(6/14) compared with the control subjects (14/99): 43% versus 14%, respectively (P=.02).
The category “misdiagnosis” was significantly more frequent in the cases than in the control 
group. “Unawareness” and “nonadherence to the guideline” were equally present in both 
groups.

Table 3. Substandard care

Category Cases 

n=14 

Controls

n=99

p-value*

1. “unawareness”
possibility of EP never considered by the general practitioner, 
midwife or emergency physician, no referral to gynaecologist 

2 (14%) 4 (4%) 0.16

2. “misdiagnosis”
non-viable IUP or miscarriage diagnosed at TVS by the gynaecologist

3 (21%) 2 (2%) 0.01

3. “non-adherence to the guideline”

   a. diagnostic delay
   probable EP but no or delayed serum hCG monitoring 

0 (0%) 2 (2%) 0.99

   b. therapeutic delay
   intervention for EP indicated but no or delayed treatment 

1 (7%) 6 (6%) 0.99

Total Substandard care 6 (43%) 14 (14%) 0.02

Cases: women with EP complicated by severe haemorrhage necessitating blood transfusion of four or more units of packed red 
blood cells. Controls: women with EP, haemodynamically stable and surgically treated. 
EP = ectopic pregnancy; IUP = intra uterine pregnancy; na = not applicable; TVS = transvaginal sonography 
*Fisher’s exact, two-sided p value 

DISCUSSION

We were unable to identify patient-related risk factors that contributed to maternal morbidity 
in terms of severe intra-abdominal haemorrhage in women with EP. Although we found that 
the mean serum hCG level was different between the case and control subjects, the serum 
hCG cut-off level of 2,000 IU/L for therapeutic management of EP that is implemented in 
the Dutch guideline did not have any specific diagnostic or clinical value in predicting severe 
intra-abdominal haemorrhage, nor did a serum hCG cut-off level up to ≥5,000 IU/L.
The strength of the present study is the unique group of well-defined prospectively collected 
and nationwide gathered cases with severe intra-abdominal haemorrhage complicating 
tubal EP that could be compared with a control group of haemodynamically stable women 
surgically treated for tubal EP. In our view, intra-abdominal haemorrhage is a clinically more 
relevant outcome than tubal rupture in itself, which is supported by the presence of several 
tubal ruptures in the control group.
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Some limitations of this study should be considered. We used the need of transfusion of 
≥4 units of packed red blood cells to define severe maternal morbidity caused by intra-
abdominal haemorrhage from an EP. This definition was based on the inclusion criterion 
used by the LEMMoN study, which provided our case subjects. We acknowledge that this 
criterion limits the number of case subjects, because women were excluded who needed 
transfusion of <4 units of packed red blood cells or with a significant fall in haemoglobin 
level but who avoided transfusion. On the other hand, there is no internationally accepted 
definition of severe maternal morbidity, and ≥4 units of packed red blood cells seems to 
be a fairly realistic representation of severe maternal morbidity (13). Although case and 
control subjects were collected in a slightly different time frame, it seems to be unlikely that 
this had any effect on the outcome maternal morbidity, because diagnostic and therapeutic 
management of EP in the Netherlands did not change during those years.
Another limitation is the relatively small sample size. Most women with EP do not require 
massive blood transfusion in case of tubal rupture. There is a possibility that the lack of any 
obvious risk factor is the result of a type II error. We were unable to report on the risk factor 
low socioeconomic status. Data on the number of women from ethnic minorities, ability to 
communicate in Dutch, and level of home support were available only for the case subjects. 
In the LEMMoN study, ethnicity was an important risk factor for combined severe maternal 
morbidity, with a 3.5-fold (95% CI: 2.8-4.3) increased risk for sub-Saharan African women 
(16).
Almost one-half of the 29 women with severe maternal morbidity were haemodynamically 
unstable at first visit and had to be operated on immediately. Probably owing to the 
emergency of the situation, clinical data were frequently sparse or missing, which hampered 
the analysis of risk factors and preceding complaints or clinical symptoms. From the available 
data, we hypothesize that within this group a proportion is represented by women who 
were unaware of their risk of EP or even of being pregnant and did not seek medical care. 
Because young, sexually active, and fertile women are increasingly at risk of EP, it will be a 
major challenge to increase awareness among these women (17).
We identified substandard care more often in women with severe maternal morbidity, 
particularly in the category “misdiagnosis”. In these women the gynaecologist incorrectly 
diagnosed an IUP based on misinterpreted TVS findings. Thus, there may be room for 
improvement of ultrasound skills of care providers. No other differences in substandard 
care between the case and control subjects were found. It is known that patients within a 
trial may be monitored more strictly than in routine clinical practice. However, differences 
between case and control subjects would be smaller rather than larger with “care as usual” 
instead of being a subject of a study.
Evidence-based guidelines, education, and skills training of care providers in the evaluation 
of women with early pregnancy complications are all important topics to improve patient 
care. Guidelines are especially useful where there are unexplained variations in clinical 
practice and for the recognition of persisting substandard care. The implementation 
of guidelines is known to be a challenge. A study measuring actual care in women with 
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suspected EP found an overall adherence to the guidelines of 75%, but revealed a high 
potential for improvement, especially in adherence to the diagnostic algorithm for EP (18).
There is a variety in education and skills training in early pregnancy ultrasound. In the UK, 
the Royal College of Obstetricians and Gynaecologists recommends an advanced training 
skill module in early pregnancy for all registrars in year 6 or 7. In The Netherlands as well as 
in the USA, residents are certified as part of their residency. Training or graduate medical 
education in early pregnancy ultrasound is only optional and may compete with other topics.
Recently, there is a growing interest in centralizing early pregnancy care in early pregnancy 
assessment units (EPAU) run by experienced and dedicated staff appropriately trained in 
(transvaginal) ultrasound (19, 20). In the UK, more than 250 EPAUs have been established 
(www.earlypregnancy.org.uk). The Netherlands is now following this development (21). 
The potential effectiveness of these units still needs to be investigated. Nonetheless, early 
pregnancy problems require special care. By centralizing care and knowledge, over- and 
under diagnosis and treatment of EP could be prevented.
In conclusion, we found no patient-related risk factors for severe intra-abdominal 
haemorrhage in women with tubal EP. Our findings underscore the importance of awareness 
of EP among young fertile women and care providers and clinical care management 
according to the guidelines to prevent severe maternal morbidity.
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ABSTRACT

OBJECTIVE: What is the treatment success rate of systemic methotrexate (MTX) compared 
with expectant management in women with an ectopic pregnancy or a pregnancy of 
unknown location (PUL) with low and plateauing serum hCG concentrations? 
SUMMARY ANSWER: In women with an ectopic pregnancy or a PUL and low and plateauing 
serum hCG concentrations, expectant management is an alternative to medical treatment 
with single-dose systemic MTX. 
 
WHAT IS KNOWN AND WHAT THIS PAPER ADDS: MTX is often used in asymptomatic 
women with an ectopic pregnancy or a PUL with low and plateauing serum hCG concen-
trations. These pregnancies may be self-limiting and watchful waiting is suggested as an 
alternative, but evidence from RCTs is lacking. The results of this RCT show that expectant 
management is an alternative to treatment with systemic MTX in a single-dose regimen in 
these women.
 
METHODS: A multicentre RCT women were assigned to systemic MTX (single dose) 
treatment or expectant management, using a web-based randomisation program, block 
randomisation with stratification for hospital and serum hCG concentration (<1,000 versus 
1,000-2,000 IU/L). The primary outcome measure was an uneventful decline of serum hCG 
to an undetectable level (<2 IU/L) by the initial intervention strategy. Secondary outcome 
measures included additional treatment, side effects and serum hCG clearance time. From 
April 2007 to January 2012, we performed a multicentre study in The Netherlands. All 
haemodynamically stable women >18 years old with both an ectopic pregnancy visible on 
transvaginal sonography and a plateauing serum hCG concentration <1,500 IU/L or with a 
PUL and a plateauing serum hCG concentration <2,000 IU/L were eligible for the trial.
 
RESULTS: We included 73 women of whom 41 were allocated to single-dose MTX and 32 
to expectant management. There was no difference in primary treatment success rate of 
single-dose MTX versus expectant management, 31/41 (76%) and 19/32 (59%), respectively 
[relative risk (RR) 1.3 95% confidence interval (CI): 0.9-1.8]. In nine women (22%), additional 
MTX injections were needed, compared with nine women (28%) in whom systemic MTX 
was administered after initial expectant management (RR 0.8; 95% CI: 0.4-1.7). One woman 
(2%) from the MTX group underwent surgery compared with four women (13%) in the 
expectant management group (RR 0.2; 95% CI: 0.02-1.7), all after experiencing abdominal 
pain within the first week of follow-up. In the MTX group, nine women reported side effects 
versus none in the expectant management group. No serious adverse events were reported. 
Single-dose systemic MTX does not have a larger treatment effect compared with expectant 
management in women with an ectopic pregnancy or a PUL and low and plateauing 
serum hCG concentrations. Sixty percent of women after expectant management had an 
uneventful clinical course with steadily declining serum hCG levels without any intervention, 
which means that MTX, a potentially harmful drug, can be withheld in these women.



111

METHOTREXATE OR EXPECTANT MANAGEMENT IN WOMEN WITH ECTOPIC PREGNANCY

6

BACKGROUND

The incidence of ectopic pregnancy is ~1-2% of all pregnancies (1, 2). Improvement in non-
invasive diagnostic methods, such as sensitive pregnancy tests in urine and serum and high-
resolution transvaginal sonography, has enabled early diagnosis of ectopic pregnancy (3-5). 
As a consequence, the clinical presentation of ectopic pregnancy has changed from a life-
threatening disease, necessitating emergency surgery, to a benign condition in frequently 
asymptomatic women for whom non-surgical treatment options are available. 
Asymptomatic women presenting with suspected ectopic pregnancy and low serum hCG 
concentrations can be managed expectantly with monitoring of serum hCG and transvaginal 
sonography to assess pregnancy outcome. At initial presentation, the ectopic pregnancy 
may be suspected on transvaginal sonography by an ectopic ring or mass and/or free fluid. 
If these sonographic findings are absent, a tentative diagnosis of pregnancy of unknown 
location (PUL) is made. In time, the outcome of PUL will become clear, which may be an intra-
uterine pregnancy, an ectopic pregnancy, a failing PUL with an uneventful serum hCG decline 
to undetectable levels or a persisting PUL with plateauing serum hCG concentrations (6). 
Women with a visible ectopic pregnancy and low and plateauing serum hCG concentrations 
or a persisting PUL have thus far been offered medical treatment with methotrexate (MTX) 
(7). However, it may be that early ectopic pregnancies follow the natural course of a self-
limiting process, resulting in tubal abortion or reabsorption. In several cohort studies, 
watchful waiting has been suggested as a safe alternative to treatment in this selected group 
of women with ectopic pregnancies (8-10), but evidence from randomised studies is lacking. 
The objective of this RCT was to assess whether expectant management is an alternative to 
treatment with systemic MTX in a single-dose regimen in women with an ectopic pregnancy 
or a PUL and low and plateauing serum hCG concentrations. 

MATERIALS AND METHODS

Study population

From April 2007 to January 2012, we performed a multicentre study in one academic 
hospital, eight teaching hospitals and two non-teaching hospitals in The Netherlands. All 
haemodynamic stable women either with an ectopic pregnancy visible on transvaginal 
sonography (an ectopic ring or an ectopic mass and/or fluid in the pouch of Douglas) and a 
plateauing serum hCG concentration <1,500 IU/L or with a PUL and a plateauing serum hCG 
concentration <2,000 IU/L (persisting PUL) were eligible for the trial. The difference in serum 
hCG cut-off levels for these two entities was based on the Dutch national guideline Tubal 
Ectopic Pregnancy, Diagnosis and Treatment (11). A plateauing serum hCG was defined 
as a <50% hCG increase or decrease between Day 0 (first clinical suspicion of an ectopic 
pregnancy) and Day 4. Women with a viable ectopic pregnancy, signs of tubal rupture and/
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or active intra-abdominal bleeding, a contraindication for MTX (e.g. abnormalities in liver 
or renal function or at the time of a full blood count) or <18 years of age were not eligible. 

Ethical approval

Approval for this study was obtained from the Medical Ethical Committee of the Academic 
Medical Centre and from the Central Committee on Research involving Human Subjects 
(CCMO), The Netherlands. The trial was registered as an International Standard Randomised 
Clinical Trial (METEX study ISRCTN 48210491, Eudract number: 2006-003003-39). The local 
board of each participating hospital approved the study. In women fulfilling the inclusion 
criteria, written informed consent was obtained before randomisation. 

Study design and treatment

Consenting women were randomly assigned to systemic MTX treatment or expectant 
management, using a web-based randomisation program, block randomisation with a 
block size of 4 and stratification for hospital and serum hCG concentration (<1,000 versus 
1,000-2,000 IU/L). Women allocated MTX received a single MTX injection, 1 mg/kg body 
weight i.m. with a maximum of 100 mg, within 24h of randomisation. Women allocated to 
expectant management did not receive any specific treatment. 
Both treatment and follow-up were carried out in an outpatient setting. All Rhesus-negative 
women received 375 IE anti-D i.m. All the women received instructions to contact the 
clinic in case of clinical symptoms related to tubal rupture. They were advised to refrain 
from sexual intercourse until serum hCG was undetectable. Those receiving MTX were 
informed about the possible side effects and the interactions with alcohol, non-steroidal 
anti-inflammatory drugs, aspirin and antibiotics, and received advice on fluid intake, buccal 
hygiene and exposure to sunlight. They were advised to use adequate contraception during 
a period of 3 months after the last injection of MTX (12).
In both groups of women, weekly serum hCG measurements (expressed in IU/L) were 
performed until hCG was no longer detectable. Seven days after a MTX injection, liver and 
renal functions were checked and a full blood count was carried out. In both groups, serum 
progesterone (expressed in nmol/l) was measured on Day 1 and Day 7.
In women treated with systemic MTX, repeated doses of MTX were given if the serum hCG 
concentration failed to fall by at least 15% in the weekly follow-up, with a maximum of 
three additional injections (13, 14). If more than four MTX injections in total were required, 
surgical treatment was indicated. 
In women allocated to expectant management, treatment with systemic MTX (single dose 
1 mg/kg i.m.) was administered whenever at any of the weekly follow-up visits the serum 
hCG concentration had risen compared with the prior value. Expectant management 
was continued if the serum hCG concentration fell by >15% of the prior value. In case of 
a persistent plateauing serum hCG concentration, defined as <15% fall or <15% rise, the 
serum hCG concentration was reassessed after 48h to ensure that it was not increasing. If 
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it did increase by >15%, treatment with systemic MTX was administered with a maximum 
of four injections. In case more than four MTX injections were required, surgical treatment 
was indicated. 
Whenever haemodynamic instability and/or clinical signs of tubal rupture (i.e. increasing 
abdominal pain in combination with a falling haemoglobin level and signs of intra-abdominal 
haemorrhage on transvaginal sonography) occurred, surgical intervention was carried out. 

Outcome measures

The primary outcome was an uneventful decline of serum hCG to an undetectable level (< 
2 IU/L) by the initial intervention strategy. Secondary outcomes included additional MTX 
injections, surgical procedures, treatment complications (i.e. haemorrhage, severe allergic 
reaction to MTX), mild-to-moderate side effects of MTX treatment (i.e. nausea, diarrhoea, 
vomiting, buccositis and conjunctivitis), clinical symptoms and serum hCG clearance time. 

Statistical analysis

We assumed an uneventful decline in serum hCG of 90% in the MTX group and accepted 
a treatment success rate of 60% in the expectant management group (3, 4, 15, 16). We 
needed to enrol 72 women for a power of 80% at a significance level of 5% in a superiority 
design, two-sided test, two-group Fisher’s exact test of equal proportions. 
Data analysis was performed according to the intention-to-treat principle. Differences in 
dichotomous outcomes between the two study groups were analysed with the chi-square 
test, or Fisher’s exact test when the expected frequencies fell below five. A t-test was used 
to compare continuous outcomes. The primary and secondary outcomes were compared 
by calculating relative risks (RRs) and their 95% confidence intervals (CIs). Per protocol 
analysis was performed for the primary outcome and expressed as RR. The log-rank test 
was used to test differences between the Kaplan-Meier curves for statistical significance. For 
analysis, the Statistical Package for the Social Sciences version 16.0 was utilized. Statistical 
significance was set at P < 0.05. 

Role of the funding source

The funder of the study had no role in the study design, data collection, data analysis, data 
interpretation, writing of the report or in the decision to submit the article for publication. 
The researchers are all independent of the funder. All the authors had full access to the 
data (including statistical reports and tables) in the study and can take responsibility for the 
integrity of the data and the accuracy of the data analysis. 
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Figure 2. Kaplan-Meier curves for 
time to hCG clearance in women 
after treatment with a single-dose 
methotrexate (1 mg/kg) or  
expectant management.

RESULTS

We included 73 women of whom 41 were allocated single-dose systemic MTX and 32 
expectant management (Figure 1). Two women declined systemic MTX treatment after 
randomisation and opted for expectant management. The baseline characteristics of the 
participants are summarised in Table 1, which were comparable in the two groups. The 
mean age at randomisation was 33 years (SD 6 years) in both groups. 

73 pa�ents
randomised

41 allocated to
MTX

39 women treated
with MTX

29 successful
management

2 successful
management

19 successful
management

9 start MTX 4 surgical
interven�on

9 second dose
MTX

2 women declined
MTX a�er

randomisa�on

32 women 
expectantly

32 allocated to
expectant 

management

1 surgical
interven�on

Figure 1. Flow chart of randomised trial of MTX versus expectant management in women with an 
ectopic pregnancy or a PUL and low serum hCG concentrations. 
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Thirty-one women (76%) allocated single-dose systemic MTX and 19 women (59%) allocated 
expectant management had an uneventful decline of serum hCG to an undetectable level by 
the initial treatment (RR 1.3; 95% CI: 0.9-1.8) (Table 2). 
In nine women (22%), additional MTX injections were needed after initial medical 
treatment, and in nine women (28%) systemic MTX was administered after initial expectant 
management (RR 0.8; 95% CI: 0.4-1.7). In the MTX group, one woman (2%) underwent 
surgery compared with four women (13%) in the expectant management group (RR 0.2; 
95% CI: 0.02-1.7), all having experienced abdominal pain within the first week of follow-up. 
At surgery, there were neither tubal ruptures nor severe blood loss. In these five women, a 
primary laparoscopic salpingectomy was performed. Five women were admitted for clinical 
observation of abdominal pain, two in the MTX group and three in the expectant group, of 
whom two had started MTX treatment (RR 0.5; 95% CI: 0.1-2.9). Women in the expectant 

Table 1. Patient characteristics

Single dose MTX

n=41

Expectant management

n=32

Mean maternal age in years ± SD 32.9 ± 5.7 33.1 ± 5.6

Primi gravid (%) 12 (29) 13 (41)

Parity ± SD 0.7 ± 0.9 0.5 ± 0.8

Previous miscarriage ± SD 0.5 ± 1.3 0.6 ± 1.0

Mean gestational age in weeks ± SD 6.7 ± 2.0 7.7 ± 2.6

Index Pregnancy by
-natural conception
-IVF/ICSI
-IUI
-ovulation induction

 
37
3
1
0

 
27
4
0
1

Risk factors EP (%)

Previous EP 1 5 (13) 2 (6) 

Chlamydia 2 2 (6) 2 (7)

Tubal pathology 3 6 (15) 1 (3) 

Pregnant with IUD 1 (2) 0

Features index pregnancy

Clinical symptoms (%)
-vaginal blood loss
-abdominal pain 4 

 
32 (78) 
27 (69) 

 
28 (88) 
19 (59) 

Median serum hCG (IU/L) at randomisation ± SD 535 ± 500 708 ± 376

Median serum progesterone (nmol/l) at randomisation ± SD 8 ± 21 10 ± 37

Ultrasound findings at randomisation
-Ectopic mass 
-PUL (no free fluid or ectopic mass) 

 
8
33

 
7
25

MTX methotrexate; SD standard deviation; EP ectopic pregnancy; IUD intrauterine device; PUL pregnancy of unknown location; 
Exp expectant management 
1missing value MTX=1/Exp=none; 2missing values MTX=7/exp=5; 3missing value MTX=1/exp=none; 4missing values MTX=2/
exp=none
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management group reported clinical symptoms of vaginal blood loss more often than 
women in the MTX group. No serious complications were reported. 
Nine women in the MTX group reported side effects versus three in the expectant group. 
These side effects were mild and there was no reason to discontinue treatment of additional 
doses of MTX if necessary according to the protocol. In women treated with MTX, laboratory 
results showed a minor rise in the alanine transaminase value in seven women, with a 
maximum value of 56 U/L. Full blood counts, other liver functions and renal function were 
all within the normal range in the MTX group. 
We performed a per protocol analysis including 39 women treated with single-dose systemic 
MTX and 34 women with expectant management, which showed that 29 in the MTX group 
and 21 in the expectant group had an uneventful decline of serum hCG to an undetectable 
level by the initial treatment (RR 1.2; 95% CI: 0.9-1.7). These results did not differ from those 
of the intention-to-treat analysis. 
The Kaplan-Meier curve for serum hCG clearance is shown in Figure 2. The median serum 
hCG clearance time was 34 (range: 27-40) days in the MTX group and 38 (range: 28-48) days 
in the expectant management group, which was not significantly different (log-rank test,  
P = 0.5).

Table 2. Primary and secondary outcomes of women with ectopic pregnancy or pregnancy of 
unknown location and low serum hCG concentrations in a randomised trial of methotrexate versus 
expectant management

Single dose MTX

n = 41 (%)

Expectant 

management

n = 32 (%)

RR (95%CI)

Primary outcome

Uneventful decline in hCG by initial treatment 31 (76) 19 (59) 1.3 (0.9-1.8)

Secondary outcomes

Additional/start systemic MTX 9 (22) 9 (28) 0.8 (0.4-1.7)

Surgical intervention
- salpingectomy 1 (2)

 
4 (13)

 
0.2 (0.02-1.7)

Admission for observation only 2 (5) 3 (9) 0.5 (0.1-2.9)

Clinical symptoms at follow up one week
-abdominal pain1

-vaginal blood loss2

11 (35)
8   (44)

14 (58)
18 (90)

0.6 (0.3 -1.1)
0.5 (0.3-0.9)

Side effects systemic MTX3

nausea 9 (30) 3 (20) 1.5 (0.5-4.6)

vomiting 5 (16) 0

diarrhoea 3 (10) 0

bucositis 2 (7) 0

conjunctivitis 4 (13) 0

photosensitivity 2 (7) 0

CI confidence interval; RR relative risk
1missing values MTX n=10/Exp n=8 2missing values MTX n=23/Exp n=12 3missing values MTX n=10/ Exp n=17
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DISCUSSION
In this RCT, we found that in women with an ectopic pregnancy or a PUL and low and 
plateauing serum hCG concentrations, expectant management is an alternative to single-
dose systemic MTX. 
Our sample size calculation was based on a superiority design. Treatment success rate of 
single-dose systemic MTX was set at 90% on the basis of the data from the literature, while 
treatment success rate of expectant management was set at 60% (3, 4, 15, 16). We accepted 
a difference of 30% between both groups in view of the possible side effects of MTX, as well 
as the advice to refrain from a next pregnancy for at least 3 months after MTX treatment 
(12). Therefore, in our opinion, the benefit of treatment with MTX should be large enough 
to overcome these negative effects. Although our results show that single-dose systemic 
MTX treatment does not lead to a convincing difference in the treatment success rate, more 
evidence is needed to state that expectant management is as successful as systemic MTX 
treatment. This evidence can be obtained only by a non-inferiority trial or a superiority trial 
with a smaller difference between the study groups. 
The unequal number of women in the study groups (MTX 41, expectant 32) was the result 
of the block randomisation with stratification for hospital and serum hCG, the large number 
of participating hospitals and the small number of included women in total. The original 
power calculation was based on a power of 80% in which case 36 women in each group 
had to be included (two-sided test). With this uneven distribution, the power of this trial is 
actually 78%. 
The recruitment of women was slow; 11 hospitals had recruited 73 women over a period of 
5 years. Five centres recruited the main proportion of the women (n = 63) and the other six 
centres each included only one or two women. We have no complete information on the 
total number of eligible women during the study period. The principal investigator did keep 
a register of the consultations by local coordinators about eligibility or the randomisation 
procedure. From this register we have information on the non-randomised women. 
Informed consent was not given by 59 women, 23 women preferred treatment with MTX, 
14 women preferred expectant treatment (against medical advice as MTX was first-line 
treatment) and in 22 women the exact reason for withholding consent was unknown. We 
know that 32 women were missed for inclusion in the trial, most of them because the 
serum hCG follow-up was already performed during a period longer than 4 days; therefore, 
expectant management as defined by the study protocol had already been installed. We 
may conclude that there were some recruitment and screening difficulties. The fact is that 
plateauing serum hCG in women with an ectopic pregnancy or a PUL is not a very common 
condition. Clinicians were not confronted with these women on a daily basis, and therefore, 
the inclusion criteria were sometimes mistaken and the counselling may not have been 
completely uniform. However, we do not foresee any problems in the generalisability of 
the primary outcome because of the objective outcome measure of serum hCG and the 
strict criteria for interventions based on serum hCG values. Furthermore, it is known that 
participation in RCTs is associated with outcomes similar to those of receiving the same 
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treatment outside RCTs (17).
A limitation of our study is that it was an open, not a placebo-controlled, RCT. Nevertheless, 
introduction of bias was probably limited by the strict definition of criteria to be fulfilled for 
treatment with MTX.
The primary outcome in this study was an uneventful decline of serum hCG. An uneventful 
decline was defined as a serum hCG decline without additional treatment, including 
(emergency) surgery. This outcome measure does include a component of safety but 
because side effects of MTX and treatment complications were secondary outcomes, the 
complete aspect of safety of both treatments may be underpowered in this study. Owing to 
the unblinded design of this trial, there is a potential for bias concerning the side effects of 
MTX treatment.
Most surgical interventions were performed in the expectant management group and 
abdominal pain was the sole indication for surgical intervention in all women. None of these 
women eventually had tubal rupture at surgery. It is possible that the treating gynaecologists 
were inclined to perform surgery more readily in women allocated to expectant management 
out of fear for tubal rupture.
We should realise that the clinical problem that we dealt with in this study, i.e. women 
with an early ectopic pregnancy and plateauing serum hCG concentrations, may well be an 
artefact resulting from our sensitive diagnostic methods. Until the 1990s, ectopic pregnancy 
was a clinical presentation, in which women sometimes underwent unnecessary laparotomy 
or presented with hemodynamic shock owing to false-positive and false-negative diagnoses. 
This problem has been solved by the introduction of sensitive serum hCG assays and 
transvaginal sonography. However, these diagnostic tools have ‘created’ a new category of 
ectopic pregnancies: asymptomatic women with pregnancies that would previously have 
resolved unnoticed by the clinician. MTX has been applied in these women in the absence 
of proper trials. The present trial indicates that in most of these women intervention is not 
needed at all.
The Royal College Of Obstetricians and Gynaecologists guideline advises an active intervention 
if serum hCG levels rise above 1,000 IU/L or if levels start to plateau in women with a PUL 
with minimal or no symptoms and an initial upper level of serum hCG of 1,000-1,500 IU/L, 
but the type of intervention is not specified (2). The American College of Obstetricians 
and Gynaecologists guideline indicates medical treatment with MTX for women with a 
confirmed or a high clinical suspicion of ectopic pregnancy who are haemodynamically 
stable with an unruptured mass. Expectant management is advised in women with low 
serum hCG concentrations who are willing to accept the potential risks of tubal rupture 
and haemorrhage; they should be asymptomatic and have objective evidence of resolution, 
generally manifested by decreasing serum hCG concentrations (18). 
Our study did not have enough power to allow any analysis of possible predictors of treatment 
failure. Some cohort studies support the association of treatment outcome and serum 
hCG ratio and serum progesterone cut-off levels, but mostly focused on the prediction of 
spontaneous decline of serum hCG (failing PUL) (10,19-21). Cut-offs found for the prediction 
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of treatment success are a serum hCG ratio of <0.8 and a serum progesterone level of <10 
nmol/L. These studies do not describe the treatment approach in women with rising serum 
hCG and/or serum progesterone >10 nmol/L. On the basis of the results of our study, we 
propose weekly serum hCG follow-up for the detection of persistent trophoblast and strict 
instructions on clinical symptoms in women with an ectopic pregnancy or persisting PUL and 
low serum hCG concentrations. 
Two trials, comparable with our study, are currently ongoing in the UK and Australia  
(22, 23). These placebo-controlled trials have the same objective, inclusion criteria and 
outcome measures. The only difference is that in the UK trial surgical intervention is 
performed in both study groups if inadequately declining serum hCG concentrations 
occur 1 week after follow-up. In the near future, meta-analysis of the results of both trials 
may provide guidance on the present management dilemmas in women with an ectopic 
pregnancy or a PUL with low and plateauing serum hCG concentrations. 
Single-dose systemic MTX did not have a larger treatment effect compared with expectant 
management in women with an ectopic pregnancy or a PUL and low and plateauing 
serum hCG concentrations. Sixty percent of women after expectant management had an 
uneventful clinical course with steadily declining serum hCG levels without any intervention, 
which means that MTX, a potentially harmful drug, can be withheld in these women. 
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ABSTRACT 

OBJECTIVE: To study the impact on health-related quality of life (HRQoL) of treatment 
with systemic methotrexate (MTX) or expectant management in women with ectopic 
pregnancy or pregnancy of unknown location (PUL) with low and plateauing serum hCG 
concentrations.

DESIGN: HRQoL was assessed alongside a randomised clinical trial (RCT) with the use of 
standard self-administered psychometric measure questionnaires. 

PATIENTS AND SETTING: All women who participated in the multicentre RCT comparing 
treatment with systemic MTX to expectant management in women with ectopic pregnancy 
or persisting PUL were eligible for the HRQoL measurements.

MAIN OUTCOME MEASURE: HRQoL measures of three standardised questionnaires (SF-
36, RSCL, HADS).

RESULTS: Data was available for 64 of 73 women (78%) randomised in the RCT. We found no 
difference in HRQoL between the two treatment groups. The need for additional treatment, 
i.e. additional MTX injections or surgical intervention, had no impact on HRQoL.

CONCLUSION: Women treated with MTX or expectant management for an ectopic 
pregnancy or persisting PUL have a comparable quality of life. 
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INTRODUCTION 

The incidence of ectopic pregnancy is approximately 1 to 2% of all pregnancies (1). At initial 
presentation, the ectopic pregnancy may be suspected on transvaginal sonography by an 
ectopic ring or mass and/or free fluid in the pouch of Douglas. If these sonographic findings 
are absent, a tentative diagnosis of pregnancy of unknown location (PUL) is made. Women 
with a visible ectopic pregnancy and low and plateauing serum hCG concentrations or a 
persisting PUL have thus far been offered medical treatment with systemic methotrexate 
(MTX) (2). However, it may be that early ectopic pregnancies follow the natural course of a 
self-limiting process, resulting in tubal abortion or reabsorption. 
Recently, we published a multicentre randomised clinical trial (RCT) in which we evaluated 
the effect of single dose systemic MTX and expectant management in women with ectopic 
pregnancy or a PUL and low and plateauing serum hCG concentrations, the METEX study (3). 
This RCT showed no advantage of single dose systemic MTX over expectant management in 
reaching an uneventful serum hCG clearance (relative risk 1.3, 95% confidence interval 0.9-
1.8). In fact, 60% of women after expectant management had an uneventful clinical course 
with steadily declining serum hCG levels without any intervention. On the other hand, 
30% of women who received MTX reported side effects. Thus, systemic MTX, a potentially 
harmful drug, did not have a larger treatment effect than expectant management and may 
be withheld in asymptomatic women with an ectopic pregnancy or a PUL and low and 
plateauing serum hCG concentrations. 
Given the observed clinical equivalence of systemic MTX and expectant management, 
health-related quality of life (HRQoL) becomes an important factor for women to choose 
one treatment over the other leading to better treatment satisfaction. The aim of this 
study was therefore to examine women’s HRQoL in the METEX study. We hypothesised that 
systemic MTX treatment would be more burdensome to women as a result of the potential 
side effects and the necessity for adequate contraception during three months because of 
the potential teratogenicity of MTX. 

MATERIALS AND METHODS

Study population 

All women who participated in our RCT with sufficient Dutch or English language skills to 
complete questionnaires were eligible for the HRQoL measurements. Included in the 
RCT were haemodynamically stable women with either an ectopic pregnancy visible on 
transvaginal sonography (an ectopic ring or an ectopic mass and/or fluid in the pouch of 
Douglas) and a plateauing serum hCG concentration < 1,500 IU/L or with a persisting PUL and 
a plateauing serum hCG concentration < 2,000 IU/L. A plateauing serum hCG was defined as 
a < 50% hCG increase or decrease between day 0 (first visit for clinically suspected ectopic 
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pregnancy) and day 4. Women with a viable ectopic pregnancy, signs of tubal rupture and/
or active intra-abdominal bleeding, and a contraindication for MTX or < 18 years of age were 
not eligible. After written informed consent had been obtained, women were randomly 
allocated to systemic MTX or expectant management. The trial was conducted from April 
2007 through January 2012 in one academic hospital, eight teaching hospitals and two non-
teaching hospitals in The Netherlands. The trial was registered as an International Standard 
Randomised Clinical Trial (METEX study ISRCTN 48210491, Eudract number: 2006-003003-
39) and was approved by the Medical Ethical Committee of the Academic Medical Centre 
and the boards of the individual participating hospitals. Individual or aggregate HRQoL 
results were not made available at any stage of the clinical study.

Clinical study design and treatment 

Women allocated to systemic MTX received a single MTX injection, 1 mg/kg body weight 
i.m. with a maximum of 100 mg, within 24 hours after randomisation. Women allocated to 
expectant management did not receive any specific treatment. Both treatment and weekly 
follow up were carried out in an outpatient setting. 
The primary treatment outcome was an uneventful decline of serum hCG to an undetectable 
level (<2 IU/L) by the initial intervention strategy. All women received instructions to contact 
the clinic in case of clinical symptoms related to tubal rupture. Women were advised to refrain 
from sexual intercourse until serum hCG was undetectable. Women receiving MTX were 
informed about the possible side effects and the interactions with alcohol, non-steroidal 
anti-inflammatory drugs, aspirin and antibiotics, and received advice on fluid intake, buccal 
hygiene and exposure to sunlight. They were advised to use adequate contraception during 
a period of three months after the last MTX injection (4). In both groups of women, weekly 
serum hCG measurements (expressed in IU/L) were performed until hCG was no longer 
detectable. In women treated with systemic MTX, repeated doses of MTX were given if the 
serum hCG concentration failed to fall by at least 15% at the weekly follow up visit, with a 
maximum of three additional injections (5, 6). If more than four MTX injections in total were 
required, surgical treatment was indicated. In women allocated to expectant management, 
treatment with systemic MTX (single dose 1 mg/kg i.m.) was administered whenever at any 
of the weekly follow-up visits the serum hCG concentration had risen compared with the 
prior value. Expectant management was continued if the serum hCG concentration fell by 
> 15% of the prior value. In case of a persistent plateauing serum hCG concentration the 
serum hCG concentration was reassessed after 48 hours to ensure it was not increasing. If 
it did increase by > 15%, treatment with systemic MTX was administered with a maximum 
of four injections. In case more than four MTX injections were required, surgical treatment 
was indicated. Whenever hemodynamic instability and/or clinical signs of tubal rupture 
(i.e. increasing abdominal pain in combination with a falling haemoglobin level and signs of 
intra-abdominal haemorrhage on transvaginal sonography) occurred, surgical intervention 
was carried out. 
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Patient characteristics and clinical data were collected in a case record form filled in by the 
local coordinator of the trial and coded by a unique patient identification number. The case 
record forms were collected by the main investigator (NvM) after completion of treatment. 
Details of the design, follow up and results of this trial have been described earlier (3). 

Health-related quality of life measures

We assessed women’s HRQoL with the use of several standard self-administered psychometric 
measures with established reliability and validity: the Medical Outcome Study 36-Item Short 
Form Health Survey (SF-36), the Rotterdam Symptom Checklist (RSCL), and the Hospital 
Anxiety and Depression Scale (HADS). Women were asked by their clinicians to fill out the 
questionnaires which were available in the Dutch and English language. The questionnaires 
were coded by the unique patient identification number. HRQoL was assessed at four time 
points to compare short- and long-term treatment effects. Each questionnaire was identical 
and took 10 to 15 minutes to complete. The first questionnaire was completed before 
randomisation and thus before women were informed about their treatment allocation 
(baseline, T0). The second questionnaire was given to women to complete at their first 
follow up visit after one week (T1). Women received the next questionnaires to complete at 
home at four weeks (T2), and 12 weeks (T3) after randomisation. These questionnaires were 
filled in and returned in a sealed pre stamped envelope to the main investigator. 
The SF-36 is a generic questionnaire with eight health-status subscales: physical functioning, 
role limitations due to physical health problems, bodily pain, general health perception, 
vitality, social functioning, role limitations due to emotional health, and general mental 
health. The scores on the subscales are aggregated into the standardised summary scores 
Physical (PCS) and Mental Component Score (MCS). Scores were transformed into a 0-100 
scale, a standardised score of mean = 50 and SD = 10 represents the Dutch population 
average (7). 
The RSCL is a standard questionnaire with established validity and reliability (8). This 
questionnaire was developed to measure symptoms, originally to assess the HRQoL of 
patients with cancer. It comprises four sub-scales: physical symptoms, psychological 
distress, activity level and a single item measuring overall quality of life. For this study we 
only used the subscale physical symptoms. The physical symptom scale consists of a list of 
symptoms that may be experienced by patients in general, and we added a few items on 
MTX specific side effects. Subscale scores were transformed into a 0-100 scale, with higher 
scores indicating more symptoms and a lower quality of life.
The HADS is a self-report instrument that exists of two 7-item scales: one for anxiety and 
one for depression each with a score range of 0-21; a lower score indicating less anxiety or 
depression, a score of 9-12 is indicative of a depressive period (9). 
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ANALYSIS

Baseline values from women included in the study were tabulated. The impact of the 
intervention strategy systemic MTX or expectant management was compared on HRQoL 
summary measures of the SF-36 (PCS and MCS), the RSCL and the HADS (anxiety and 
depression) according to the intention to treat principle. HRQoL improvement was defined 
as the difference score between the baseline (T0) and any post intervention measurement 
(T1, T2, T3). The difference scores were statistically compared between intervention 
strategies using Student’s t test for each measurement separately. 
To explain any changes over time on the HRQoL scales, we applied a repeated measures 
linear mixed model with the following explanatory components: intervention strategy 
following intention to treat (systemic MTX or expectant management), time of assessment 
in weeks (baseline; one week, four weeks or 12 weeks after randomisation) and primary 
treatment success (uneventful decline of serum hCG by the initial intervention strategy).
Women with missing measurements were included in the primary repeated-measures 
analysis if data were available for at least the baseline assessment and one other time point 
(10). In women with a missing baseline measurement but at least one follow up assessment, 
a sensitivity analysis was done by imputing the mean baseline score of that specific HRQoL 
scale. Analyses were conducted using SPSS 19.0 for Windows (SPSS Inc, Chicago, IL). A P 
value of <.05 (two sided) was considered to indicate statistical significance. 

73 par�cipants to METEX trial

0 no response
4 one ques�onnaire

3 no response
5 one ques�onnaire

41 allocated to MTX 32 allocated to expectant
management

6 two ques�onnaires
11 three ques�onnaires
16 four ques�onnaires

 4 two ques�onnaires
8 three ques�onnaires
16 four ques�onnaires

29 included in HR-QoL 28 included in HR-QoL

4 missing baseline
ques�onnaire

excluded excluded

excluded

Figure 1. Trial flow of Health-related Quality of Life (HRQoL) study participants
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RESULTS

Baseline characteristics

In the METEX study 73 women were included, of whom 41 had been allocated to single 
dose systemic MTX and 32 to expectant management. All randomised women were asked 
to participate in the HRQoL study. The study flow is presented in Figure 1. 
HRQoL analysis could be performed in 29 of the 41 (70%) women allocated to systemic MTX 
and in 28 of the 32 (88%) women allocated to expectant management. 
In the MTX group, 12 women were excluded from the primary analysis; three women did 
not fill in any questionnaires, five completed only one questionnaire and in four women the 
baseline questionnaire was missing. In the expectant management group four women were 
excluded because their baseline questionnaire was missing. Overall, the response rates for 
questionnaires T0, T1, T2 and T3 were 90%, 79%, 69% and 63%, respectively. 
There was no difference in response rates between women with an uneventful decline of 
serum hCG and those who needed additional treatment with MTX or surgical treatment. The 
baseline characteristics of the included women were comparable and are listed in Table 1. 

Table 1. Baseline characteristics of included women in a health related quality of life study on 
treatment effect of systemic MTX or expectant management for an ectopic pregnancy or persisting 
PUL

Single dose MTX

n=29

Expectant management

n=28

Mean maternal age in years (SD) 33 (6.0) 33 (6.0)

Primi gravid (%) 15 (55) 19 (68)

Parity (SD) 0.7 (0.9) 0.5 (0.8)

Previous miscarriage (SD) 0.4 (1.4) 0.7 (1.1)

Mean gestational age in weeks (SD) 6.4 (2.0) 7.7 (2.5)

Risk factors EP (%)

Previous EP 5 (17) 2 (7) 

Chlamydia a 1 (4) 2 (8)

Tubal pathology 5 (17) 1 (4) 

Pregnant with IUD 1 (3) 0

Features index pregnancy

Clinical symptoms (%)
-vaginal blood loss
-abdominal pain b 

 
22 (78) 
20 (71) 

 
25 (89) 
18 (64) 

Median serum hCG (IU/L) at randomisation (IQR) 763 (199-1124) 692 (439-1075)

Median serum progesteron (nmol/L) at randomisation (IQR) 9.5 (4.1-18) 9.8 (6.4-15)

SD standard deviation; MTX methotrexate; EP ectopic pregnancy; IUD intra uterine device; PUL pregnancy of unknown 
location; IQR interquartile range 
amissing value MTX=1/Exp=3; bmissing values MTX=1/exp=none
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Health-related quality of life results

Results of the HRQoL comparisons in the systemic MTX group and expectant management 
group are presented in Table 2 and graphically in Figure 2. The results showed no differences 
on the ‘physical’ SF-36 (PCS) and on the ‘mental’ SF-36 (MCS) scales. Women in both 
treatment groups had lower MCS values at baseline and after one week compared to the 
Dutch population average, but after four and 12 weeks they had recovered to the mean 
score of the general population. The physical scale RSCL and the HADS depression and 
anxiety scale also showed no difference in outcomes between both treatment groups. 
The mixed model analysis found a time effect in the outcome of the SF-36, RSCL and the 
HADS, showing improvement of the quality of life over time. No interaction with the 
allocated treatment (MTX or expectant management) or primary treatment success 
(uneventful decline of serum hCG by the initial intervention strategy) was found for any of 
the questionnaires.
In the sensitivity analysis, including women with a missing baseline measurement but at least 
one follow-up assessment, the baseline measurement was imputed using the mean of all 

Table 2. Health-related quality of life results of women treated with systemic MTX or expectant 
management for an ectopic pregnancy or persisting PUL

Treatment Time after randomisation

Expressed as mean (SD) Baseline 1 week 4 week 12 week Treatment 
effect*
p-value

Time effect
p-value

Treatment 
success**
p-value

SF-36 Physical component scale n=29/28 n=26/27 n=23/22 n=21/19

MTX treatment 51 (9) 48 (10) 54 (6) 51 (12) 0.49 0.02 0.96

Expectant treatment 50 (9) 49 (9) 51 (7) 56 (8)

SF-36 Mental component scale

MTX treatment 39 (13) 37 (12) 49 (10) 51 (21) 0.71 0.001 0.54

Expectant treatment 40 (12) 41 (11) 49 (13) 50 (9)

RSCL Physical symptoms n=26/21 n=24/25 n=22/21 n=19/16

MTX treatment 17 (13) 26 (14) 11 (9) 14 (15) 0.14 0.001 0.13

Expectant treatment 19 (8) 18 (12) 12 (10) 9 (9)

HADS depression n=28/23 n=24/24 n=22/21 n=20/19

MTX treatment 4.1 (4.3) 5.3 (5.0) 1.8 (2.5) 2.7 (3.5) 0.98 0.012 0.32

Expectant treatment 4.5 (3.5) 4.1 (4.4) 3.3 (3.9) 2.4 (3.3)

HADS anxiety n=28/24 n=25/24 n=21/21 n=20/19

MTX treatment 7.5 (4.9) 6.0 (4.4) 4.0 (3.1) 4.6 (4.4) 0.30 0.02 0.94

Expectant treatment 6.3 (3.9) 5.8 (4.5) 3.2 (4.2) 4.5 (5.0)

*Treatment effect = allocated treatment MTX or expectant management  
**Treatment success = uneventful decline of serum hCG by the initial intervention strategy
Results are expressed as mean (SD); significant scores with P < 0.05 are bolded. The score at baseline was taken as a covariate 
in the analysis. There was no interaction between changes in health-related quality of life over time and treatment effect. The 
SF-36 and the RSCL subscale scores were transformed into a 0-100 scale, with higher scores indicating a lower quality of life.
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Figure 2. Results of HRQoL (mean difference with 95% CI) with the green line representing the MTX 
group and the blue line the expectant management group. 
a. SF-36 component summary scores with the horizontal line representing the Dutch population 
average. b. RSCL physical distress scores with the horizontal line representing the Dutch population 
average. c. HADS scores (no population average available)

A

B

C
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available baseline measurements. The results of this mixed model analysis for the 34 
women allocated to systemic MTX and 30 women allocated to expectant management were 
comparable to those in the primary HRQoL analysis, showing improvement in the quality of 
life over time.

DISCUSSION

We investigated the impact on HRQoL in women with an ectopic pregnancy or a PUL and 
low and plateauing serum hCG concentrations treated with single dose systemic MTX or 
expectant management. We found no difference in HRQoL between the two treatment 
groups. In general, quality of life improved over time. We only found an overall negative effect 
on mental health in these women, regardless of the treatment allocation, which restored to 
normal four weeks after treatment. The need for additional MTX for inadequately declining 
serum hCG levels or surgical intervention had no impact on HRQoL.
To date, this is the first study to evaluate the effect of systemic MTX compared to expectant 
management on the quality of life in women with ectopic pregnancy or a PUL and low and 
plateauing serum hCG concentrations. The strength of this study was that it took place in a 
randomised setting. 
A potential weakness of this study was that a baseline HRQoL measurement and at least 
one follow-up assessment was available for 78% of the included women in the RCT. In 
the sensitivity analysis, with imputation of the mean HRQoL scores for missing baseline 
measurements, data was available for 88% of the included women. 
With the mean score in physical component scale of 50 (SD 9) we are able to show a 2-sided 
difference of 8 in the mean score. Although subtle differences may be difficult to identify, 
clinically important differences would become evident with our sample size. Although 
baseline values were comparable between both treatment groups, some form of selection 
bias cannot be ruled out. Missing values in HRQoL studies especially pose problems when 
the absence of a value at a certain point in time is related to the severity of disease of the 
patient (11). In our study, all women felt better during follow up, therefore it is not likely that 
such selection bias has led to over or underestimation of the outcome. 
Data on quality of life in the treatment of ectopic pregnancy is scarce. A HRQoL study 
alongside a RCT comparing systemic MTX in a multiple dose regimen to laparoscopic 
salpingotomy showed that multiple dose systemic MTX had a more negative impact on 
women’s HRQoL than did laparoscopic salpingotomy (12). Another RCT looked at the effects 
of additional progressive muscle relaxation training compared to standard care on anxiety 
and HRQoL in women with ectopic pregnancy receiving single dose MTX treatment in an 
inpatient setting. This RCT showed muscle relaxation training to have an improving effect on 
anxiety and HRQoL (13).
Our RCT showed that single dose systemic MTX did not have a larger treatment effect 
compared with expectant management in women with an ectopic pregnancy or a PUL 
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and low and plateauing serum hCG concentrations. Given the clinical equivalence of both 
treatment options - expectant management or a potential toxic treatment - the need of a 
measurement of wellbeing for women to decide which treatment they prefer may seem 
redundant. However, in clinical practice there will remain women who prefer treatment 
with MTX because they fear watchful waiting and doctors who prefer to subscribe MTX 
treatment. Therefore it is important to be informed about the self-reported health and 
treatment burden of both treatments. 
Sixty percent of women after expectant management had an uneventful clinical course 
with steadily declining serum hCG concentrations without any need for intervention, 
while 30% of women reported side effects in the MTX group (3). Since both groups have 
comparable quality of life we find that systemic MTX, a potentially harmful drug, should be 
withheld in women with an ectopic pregnancy or a PUL and low and plateauing serum hCG 
concentrations.
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SUMMARY

Improvement in non-invasive diagnostic methods, such as sensitive pregnancy tests in 
urine and serum and high resolution transvaginal sonography, has enabled early diagnosis 
of ectopic pregnancy from ~1980 onward. As a consequence, the clinical presentation of 
ectopic pregnancy has changed from a life-threatening disease, necessitating emergency 
surgery, to a more benign condition in frequently asymptomatic women for whom non-
invasive treatment options became available. 
Asymptomatic women presenting with suspected ectopic pregnancy can now be managed 
expectantly with transvaginal sonography and serum hCG monitoring to assess pregnancy 
outcome. At initial presentation, the ectopic pregnancy may be suspected on transvaginal 
sonography by an ectopic ring or ectopic mass and/or free fluid in the pouch of Douglas. 
If these sonographic findings are absent, a tentative diagnosis of pregnancy of unknown 
location (PUL) is made. In time, the definite pregnancy outcome of PUL will become clear, 
which may be an intra-uterine pregnancy, an ectopic pregnancy, a failing PUL with an 
uneventful serum hCG decline to undetectable levels or a persisting PUL with plateauing 
serum hCG concentrations. The latter is clinically approached as an ectopic pregnancy. 
There is worldwide consensus that transvaginal sonography and quantitative serum hCG 
measurement are useful in the diagnosis of ectopic pregnancy and should be applied. 
However, a variety of different diagnostic algorithms are globally used, especially in women 
with PUL, to predict the final location and viability of the pregnancy. Evidence is lacking on 
the optimal strategy to predict the definite pregnancy outcome in women with PUL. 
Women with a visible ectopic pregnancy or a persisting PUL and low and plateauing 
serum hCG concentrations have thus far been offered medical treatment with systemic 
methotrexate. However, it may be that these ectopic pregnancies follow the natural course 
of a self-limiting process, resulting in tubal miscarriage or reabsorption. Watchful waiting 
has been suggested as a safe alternative to treatment in this selected group of women with 
ectopic pregnancies, but has never been investigated in a randomised setting.
The work presented in this thesis begins with a focus on non-invasive diagnostic methods 
for ectopic pregnancy. The heterogeneity found in studies on diagnostic tests for ectopic 
pregnancy has led to an international recommendation on uniform definitions of early 
pregnancy complications. Hereafter, we researched risk factors involved in severe 
complications of ectopic pregnancy. Finally, we investigated the treatment effect of systemic 
methotrexate and the impact on health related quality of life of this treatment compared to 
expectant management in women with ectopic pregnancy.

Chapter 1 gives an overview of the historical developments in the diagnostic and therapeutic 
management of ectopic pregnancy leading up to current clinical practice. An outline and 
description of the objectives of this thesis is given.
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In Chapter 2 we perform a systematic review and meta-analysis to determine the diagnostic 
accuracy of the various serum hCG strategies in women with a pregnancy of unknown 
location (PUL). The term PUL refers to cases where a pregnancy test is positive but the 
pregnancy cannot be visualised by transvaginal sonography. Various strategies integrating 
transvaginal sonography and serum hCG measurements are used for follow-up until the 
location and/or viability of the pregnancy becomes clear. Medline and EMBASE were 
searched from 1980 to January 2012. Comparative diagnostic studies on the diagnostic 
value of serum hCG in women with PUL were not found. We included 23 cohort studies, 10 
studies on a single serum hCG cut-off level, four on serum hCG ratio (hCG 48 h/hCG 0 h) and 
six on logistic regression modelling. Three other strategies were reported using serum hCG, 
serum progesterone and/or uterine curettage findings; each of these strategies comprised a 
single study. The studies included in this review showed substantial clinical heterogeneity in 
the definition of the pregnancy outcome, and only data for the pregnancy outcome ectopic 
pregnancy were suitable for meta-analysis. The receiver operating characteristic curves 
showed that the serum hCG ratios and logistic regression models had a better diagnostic 
performance as compared with an absolute single serum hCG level in the case of ectopic 
pregnancy.

In Chapter 3 we perform a systematic review and meta-analysis to determine the accuracy 
of a single progesterone measurement in early pregnancy. Serum progesterone has 
been proposed as a useful test to distinguish a viable pregnancy from a miscarriage or 
ectopic pregnancy. Low progesterone levels are associated with miscarriages and ectopic 
pregnancies, both considered non-viable pregnancies, and high progesterone levels with 
viable pregnancies. Medline, Embase, CINAHL, and the Cochrane Library were searched 
from inception to April 2012. We included 26 cohort studies, comprising seven studies 
in women with clinical symptoms and inconclusive ultrasound assessment (PUL) and 19 
studies in women with clinical symptoms alone. Among women with clinical symptoms and 
an inconclusive ultrasound assessment, a single progesterone test (five studies with in total 
1,998 women and cut-off levels from 3.2 to 6 ng/mL) predicted a non-viable pregnancy with 
a 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 raised to 99.2% if the serum progesterone 
concentration was low.
A low concentration of progesterone (less than 3.2 to 6 ng/mL) in women with clinical 
symptoms and an inconclusive ultrasound assessment (PUL) did not distinguish between 
women with an ectopic pregnancy and those with an early normal pregnancy or a 
miscarriage and should not be used for this purpose. We conclude that a single progesterone 
measurement for women presenting with vaginal bleeding and/or abdominal pain in early 
pregnancy and with an inconclusive ultrasound assessment (PUL) can only rule out a viable 
pregnancy.
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In Chapter 4 a consensus statement is proposed to improve the interpretation of future 
studies in women who are initially diagnosed with a PUL. Global differences were noted in 
populations studied and in the definitions of final pregnancy outcomes in women initially 
diagnosed with a PUL. A review of the literature was performed and a series of collaborative 
international meetings to develop this consensus statement was organised. We propose 
to define initial ultrasound classification of findings into five categories: definite ectopic 
pregnancy, probable ectopic pregnancy, PUL, probable intra uterine pregnancy, and definite 
intra uterine pregnancy. Women with a PUL should be followed and final pregnancy outcomes 
should be categorised as visualised ectopic pregnancy, visualised intra uterine pregnancy, 
spontaneously resolved PUL, and persisting PUL. Those with the transient condition of a 
persisting PUL should ultimately be classified as nonvisualised ectopic pregnancy, treated 
persistent PUL, resolved persistent PUL, or a non-viable intra uterine pregnancy confirmed 
by histology from a uterine curettage. Careful definition of populations and classification of 
the various pregnancy outcomes should optimise objective interpretation of research, allow 
objective assessment of future reproductive prognosis, and hopefully lead to improved 
clinical care of women initially identified to have a PUL.

In Chapter 5 we study the association between patient-related risk factors and severe 
maternal morbidity in women with an ectopic pregnancy. Furthermore, we identify 
substandard care factors in clinical care management. A case-control study was performed. 
Case subjects were women with a tubal ectopic pregnancy complicated by severe intra-
abdominal haemorrhage necessitating blood transfusion of ≥4 units of packed red blood 
cells peri- or postoperatively. Control subjects were women with tubal ectopic pregnancy 
who were haemodynamically stable and surgically treated. Patient-related risk factors were 
defined as: maternal age, gestational age, previous ectopic pregnancy, Chlamydia infection, 
pelvic inflammatory disease, assisted reproductive techniques, and serum hCG level. 
Substandard care categories were classified as unawareness of the clinician, misdiagnosis, 
and nonadherence to the national guideline on ectopic pregnancy. The study did not identify 
any patient-related risk factor for severe intra-abdominal haemorrhage in women with 
ectopic pregnancy. Substandard care was scored more often in case subjects (43%) than in 
control subjects (14%), mainly due to misdiagnosis. We conclude that awareness of ectopic 
pregnancy among young fertile women and care providers and clinical care management 
according to the guideline is important to prevent severe maternal morbidity.

Chapter 6 describes the result of a randomised controlled trial that investigated treatment 
success of systemic methotrexate compared with expectant management in women with 
an ectopic pregnancy or a PUL with low and plateauing serum hCG concentrations. Women 
were assigned to medical treatment with single dose systemic methotrexate or expectant 
management. Seventy three women were included of whom 41 were allocated to single 
dose methotrexate and 32 to expectant management. The primary outcome measure 
was an uneventful decline of serum hCG to an undetectable level (<2 IU/L) by the initial 
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intervention strategy. Secondary outcome measures included additional treatment, side 
effects and serum hCG clearance time. The primary treatment success rate of single dose 
methotrexate was 76% and of expectant management 59% (RR 1.3 95% CI: 0.9-1.8). In 
nine women (22%), additional methotrexate injections were needed, compared with nine 
women (28%) in whom systemic methotrexate was administered after initial expectant 
management (RR 0.8; 95% CI: 0.4-1.7). One woman (2%) in the methotrexate group 
underwent surgery compared with four women (13%) in the expectant management group 
(RR 0.2; 95% CI: 0.02-1.7), all after experiencing abdominal pain within the first week of 
follow-up. In the methotrexate group, nine women reported side effects versus none in the 
expectant management group. From this data we conclude that expectant management is 
an alternative to medical treatment with single dose systemic methotrexate in women with 
an ectopic pregnancy or a PUL and low and plateauing serum hCG concentrations. 

In Chapter 7 we investigate the impact on health-related quality of life (HRQoL) in women 
with ectopic pregnancy or PUL with low and plateauing serum hCG concentrations treated 
with single dose systemic methotrexate or expectant management. All women who 
participated in the randomised controlled trial (Chapter 6) were eligible for the HRQoL 
measurements. HRQoL was assessed with the use of several standard self-administered 
psychometric measures with established reliability and validity: the Medical Outcome Study 
36-Item Short Form Health Survey (SF-36), the Rotterdam Symptom Checklist (RSCL), and 
the Hospital Anxiety and Depression Scale (HADS). The questionnaires were completed 
before randomisation, and one week, four weeks and 12 weeks after randomisation. We 
found no difference in HRQoL between the two treatment groups. In general, HRQoL 
improved over time and mental health restored to normal four weeks after treatment. 
The need for additional treatment, i.e. additional methotrexate injections for inadequately 
declining serum hCG concentrations or surgical intervention, had no impact on HRQol. We 
conclude that health related quality of life is comparable in women with ectopic pregnancy 
or a PUL and low and plateauing serum hCG concentrations after treatment with single dose 
systemic methotrexate or expectant management.

IMPLICATIONS FOR CLINICAL PRACTICE 

The first diagnostic procedure in women with mild clinical symptoms (vaginal bleeding and/
or slight abdominal pain) and a positive urine pregnancy test is a transvaginal ultrasound 
scan. In case of an inconclusive ultrasound assessment, there is a probability (~30%) of a 
normal viable intra uterine pregnancy that may be too early to be detected on ultrasound. 
However, most women will have a non-viable pregnancy being a miscarriage or an ectopic 
pregnancy. Serum hCG ratios within 48 hours, either alone or in logistic regression models, 
should be used to distinguish early intra uterine pregnancies from ectopic pregnancies. The 
specific serum hCG cut off level from which serum hCG follow-up is installed varies per 
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local protocol and may be based on the expertise of the ultrasonographer. A suboptimal 
rise in serum hCG after 48 hours makes an ectopic pregnancy likely. Since a suboptimal rise 
in serum hCG may also occur in viable intra uterine pregnancies, the serum hCG ratio can 
be complemented with a serum progesterone measurement. This test can be added to the 
existing diagnostic algorithms for evaluation of early pregnancy to exclude a viable intra 
uterine pregnancy. Low progesterone levels may be used in counselling women about the 
non-viability of the pregnancy, but does not dismiss women from further follow-up as serum 
progesterone measurement does not help in determining the location of the pregnancy.

Asymptomatic women, who are uncertain about their gestational age or who are anxious 
about their pregnancy after a history of subfertility or early pregnancy complications, may 
request early ultrasound scanning. One should realise that these women are threatened 
by a false diagnosis of suspected ectopic pregnancy, whereas the evolving intra uterine 
pregnancy is just too early to visualise on the scan. This early scanning may thus lead to 
even more insecurity, more follow up scans, and serum hCG measurements without clear 
implications for treatment. 

In the treatment of ectopic pregnancy with low and plateauing serum hCG concentrations, 
expectant management is an alternative to treatment with single dose systemic methotrexate. 
With expectant management, 60% of women with a visible ectopic pregnancy and serum 
hCG <1,500 IU/L or women with PUL and serum hCG <2,000 IU/L had an uneventful clinical 
course with steadily declining serum hCG levels. This means that methotrexate, a potentially 
harmful drug, may be withheld in these women.

IMPLICATIONS FOR FUTURE RESEARCH

For the diagnosis of ectopic pregnancy, the optimal strategy still needs to be determined 
using transvaginal ultrasound, serum hCG ratio, serum progesterone and, possibly, the 
histopathological outcome of a uterine curettage. To do so, well defined prospective 
comparative studies are needed using standardised diagnostic entities and clinical definitions 
of pregnancy outcome. 

The diagnosis and treatment of ectopic pregnancy and PUL is somewhat intertwined with 
the implementation of expectant management. For example, women can be diagnosed 
with persisting PUL after initial expectant management and then treatment with systemic 
methotrexate is indicated. Recently, a multicentre international randomised controlled trial 
has started to determine the optimal management for women with a persisting PUL. It is a 
3-arm study where randomisation will take place between 1) uterine evacuation followed 
by systemic methotrexate (2 dose regimen) in case of absence of trophoblastic tissue, 2) 
treatment with systemic methotrexate or 3) expectant management (1).
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In the treatment of ectopic pregnancy more evidence is needed to state that expectant 
management is as successful as systemic methotrexate. This evidence can be obtained 
only by a non-inferiority trial or a superiority trial with a smaller difference between the 
study groups than the 30% difference in treatment effect we accepted in our randomised 
controlled trial. Furthermore, possible side effects of methotrexate, as well as the advice 
to refrain from a next pregnancy for at least three months after methotrexate treatment in 
view of teratogenicity should be taken into account.

Refinement is needed in identifying women who can be managed expectantly with a safe 
but minimised number of follow up visits and ultrasound scans. Since the success rate of 
expectant management was found to be sixty percent in selected women, it remains a 
challenge to determine beneficial prognostic factors for expectant management. Prognostic 
factors can be different cut offs of the serum hCG ratio or progesterone levels. In our 
randomised controlled trial, the number of included women was too small to perform 
subgroup analysis on this subject. Currently, two comparable trials are ongoing in the UK 
and Australia comparing single dose systemic methotrexate to expectant management (2, 
3). These placebo-controlled trials have the same objective, inclusion criteria and outcome 
measures. Meta-analysis and subgroup analysis of the results of these trials, including ours, 
may provide guidance on the present management dilemmas in women with an ectopic 
pregnancy or a PUL with low and plateauing serum hCG concentrations. 

The upper limit of the serum hCG concentration still needs to be defined for successful 
expectant management. In our randomised controlled trial we included women with serum 
hCG concentrations up to 2,000 IU/L, since our local protocol indicated surgical treatment 
above this threshold. However, it may be that women with higher serum hCG concentrations 
can be managed expectantly as well. Furthermore, future research should focus on the 
definition of successful expectant management and failure. Since expectant management 
was never evaluated in a randomised setting before, we chose the rather safe range of 
expectant management during one week from allocation. The safe duration of expectant 
management (i.e. the definition of persisting PUL) needs further exploration in the future. 

Eventually, the best but challenging study design may be a cohort study in which all 
asymptomatic women diagnosed with ectopic pregnancy are managed expectantly, and 
only to install systemic methotrexate treatment in women with persisting serum hCG 
concentrations after a certain period and to perform surgery in women with clinical signs of 
impending tubal rupture.
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SAMENVATTING

Door de verbetering van niet-invasieve diagnostische methoden, zoals sensitieve 
zwangerschapstesten in urine en in serum en hoge resolutie transvaginale echografie, is het 
vanaf ~1980 mogelijk geworden de diagnose buitenbaarmoederlijke zwangerschap steeds 
vroeger te stellen. Als gevolg hiervan is de klinische presentatie van een buitenbaarmoederlijke 
zwangerschap veranderd van een levensbedreigende ziekte, met indicatie voor een 
spoedoperatie, naar een minder ernstige aandoening bij vaak asymptomatische vrouwen 
voor wie ook niet-invasieve behandelingen een optie zijn.
Asymptomatische vrouwen met een verdenking op een buitenbaarmoederlijke zwanger-
schap kunnen in eerste instantie expectatief worden benaderd middels transvaginale 
echografie en serum hCG controle totdat de locatie van de zwangerschap en de vitaliteit 
duidelijk worden. Het is mogelijk dat bij eerste presentatie er al een vermoeden is op een 
buitenbaarmoederlijke zwangerschap als er bij het transvaginale echografisch onderzoek 
een buitenbaarmoederlijke ring of een massa en/of vrij vocht in cavum Douglasi wordt 
gezien. Als deze echografische bevindingen afwezig zijn, wordt de voorlopige diagnose 
van een zwangerschap van onbekende locatie (pregnancy of unknown location; PUL) 
gesteld. Met de tijd zal de definitieve uitkomst van de PUL duidelijk geworden, dat kan 
zijn: een intra-uteriene zwangerschap, een buitenbaarmoederlijke zwangerschap, een PUL 
met een spontane ongecompliceerde serum hCG daling of een PUL met een plateauend 
serum hCG (persisterende PUL). Een persisterende PUL wordt klinisch beschouwd als een 
buitenbaarmoederlijke zwangerschap.
Wereldwijd bestaat er consensus dat transvaginale echografie en kwantitatieve serum hCG 
metingen nuttig zijn en moeten worden gebruikt bij het diagnosticeren van een buiten-
baarmoederlijk zwangerschap. Er wordt echter een scala van verschillende diagnostische 
algoritmen gebruikt, vooral bij vrouwen met PUL, om de uiteindelijke locatie en de vitaliteit 
van de zwangerschap te voorspellen. Het is op dit moment niet duidelijk welke strategie 
meest optimaal is om de definitieve zwangerschap uitkomst te voorspellen bij vrouwen met 
een PUL.
Vrouwen met een zichtbare buitenbaarmoederlijke zwangerschap of een persisterende 
PUL en lage en plateauende serum hCG-concentraties hebben tot nu toe medische 
behandeling gekregen met systemisch methotrexaat. Het zou echter kunnen dat deze 
buitenbaarmoederlijke zwangerschappen een spontaan natuurlijk beloop hebben wat 
resulteert in een tubaire miskraam of reabsorptie. Waakzaam afwachten wordt geopperd 
als een veilig alternatief voor behandeling in deze geselecteerde groep vrouwen met een 
buitenbaarmoederlijke zwangerschap, maar dit is nog nooit in een gerandomiseerde setting 
onderzocht.
In de eerste hoofdstukken van dit proefschrift ligt de focus op non-invasieve diagnostische 
methoden voor een buitenbaarmoederlijke zwangerschap. De gevonden heterogeniteit 
in studies over diagnostische tests voor buitenbaarmoederlijke zwangerschap heeft 
vervolgens geleid tot een internationale aanbeveling inzake uniforme definities van vroege 
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zwangerschap problematiek. Verder zijn de risicofactoren die betrokken zijn bij ernstige 
complicaties van een buitenbaarmoederlijke zwangerschap onderzocht. Tenslotte werd 
het effect van de behandeling van systemische methotrexaat en de impact op de kwaliteit 
van leven van deze behandeling vergeleken met afwachtend beleid bij vrouwen met een 
buitenbaarmoederlijke zwangerschap.

Hoofdstuk 1 geeft een historisch overzicht van de ontwikkelingen in de diagnostiek en 
behandeling van een buitenbaarmoederlijke zwangerschap tot aan de huidige klinische 
praktijk. Tevens wordt er een overzicht en beschrijving van de doelstellingen van dit 
proefschrift gegeven.

In hoofdstuk 2 wordt een systematisch overzicht van de literatuur gegeven en een meta-
analyse naar de diagnostische nauwkeurigheid van de verschillende serum hCG strategieën bij 
vrouwen met een zwangerschap van onbekende locatie (PUL) verricht. De term PUL verwijst 
naar de situatie waarin een zwangerschapstest positief is, maar er geen zwangerschap kan 
worden gevisualiseerd door transvaginale echografie. Verschillende strategieën gebruiken 
transvaginale echografie en serum hCG metingen voor het vervolgen van deze vrouwen 
totdat de locatie en/of vitaliteit van de zwangerschap duidelijk wordt. De Medline en 
Embase database werden doorzocht van 1980 tot januari 2012. Vergelijkende studies over 
de diagnostische waarde van serum hCG in vrouwen met PUL werden niet gevonden. Er 
werden 23 cohortstudies geïncludeerd, 10 studies gebruikten absolute serum hCG afkap 
waardes, 4 studies een serum hCG-ratio (hCG 48 u/hCG 0 u) en 6 een logistisch regressie 
model. Er werden 3 andere strategieën werden geïdentificeerd die gebruik maakten van 
serum hCG, serum progesteron en/of curettage met histologische bevindingen; elk van 
deze strategieën bestond slechts uit een enkele studie. De geïncludeerde studies in dit 
review  toonde een aanzienlijke klinische heterogeniteit in de definitie uitkomst van de 
zwangerschap, alleen de gegevens voor de uitkomst buitenbaarmoederlijke zwangerschap 
waren geschikt voor de meta-analyse. De resultaten van de ‘receiver operating characteristic’ 
(ROC) curves laten zien dat de serum hCG ratio’s en logistische regressie modellen een betere 
diagnostische waarde hebben ten opzichte van een enkele absolute serum hCG waarde bij 
een buitenbaarmoederlijke zwangerschap.

Hoofdstuk 3 presenteert een systematisch overzicht van de literatuur en een meta-analyse 
om de diagnostische waarde van een enkele serum progesteron meting in de vroege 
zwangerschap te bepalen. Progesteron wordt beschreven als waardevolle test om een 
vitale zwangerschap te onderscheiden van een miskraam of een buitenbaarmoederlijke 
zwangerschap. Lage progesteron waarden worden geassocieerd met miskramen en 
buitenbaarmoederlijke zwangerschappen, beiden een niet-vitale zwangerschap, en 
hoge progesteron waarden met vitale zwangerschappen. De Medline, Embase, CINAHL, 
en de Cochrane database werden doorzocht tot april 2012. Er werden 26 cohortstudies 
geïncludeerd, bestaande uit 7 studies bij vrouwen met klinische symptomen en een 
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zwangerschap van onbekende locatie bij echografisch onderzoek (PUL) en 19 studies met 
vrouwen met alleen klinische symptomen in de vroege zwangerschap. Bij vrouwen met 
klinische symptomen en een PUL, voorspelde een progesteron test (vijf studies met in 
totaal 1998 vrouwen en afkapwaarden 3,2-6 ng/mL) een niet-vitale zwangerschap met een 
gepoolde sensitiviteit van 74.6% (95% CI: 50,6%-89,4%), specificiteit van 98,4% (95% CI: 
90.9%-99,7%), positieve likelihood ratio van 45 (95% CI: 7,1-289), en negatieve likelihood 
ratio van 0,26 (95 % CI: 0,1-0,6). De mediane prevalentie van een niet-vitale zwangerschap 
was 73,2% en wanneer het serum progesteron laag was werd de waarschijnlijkheid van een 
niet-vitale zwangerschap verhoogd tot 99,2%.
Een lage concentratie progesteron (minder dan 3,2-6 ng/mL) bij vrouwen met klinische 
symptomen en een PUL heeft geen goed onderscheidend vermogen tussen een 
buitenbaarmoederlijke zwangerschap en een vroege vitale zwangerschap of een miskraam 
en mag niet worden gebruikt dit doel. Er wordt geconcludeerd dat een enkele progesteron 
meting voor vrouwen die zich presenteren met vaginaal bloedverlies of buikpijn in het 
begin van de zwangerschap en met een PUL bij echografisch onderzoek alleen kan worden 
gebruikt om een vitale zwangerschap uit te sluiten. 

In hoofdstuk 4 wordt een consensus statement voorgesteld om de interpretatie van 
toekomstige studies bij vrouwen die aanvankelijk gediagnosticeerd zijn met een PUL te 
verbeteren. Wereldwijd werden belangrijke verschillen opgemerkt in de gebruikte definitie 
van de onderzochte populatie en van de definitieve uitkomst van de zwangerschap bij 
vrouwen die in eerste instantie werden gediagnosticeerd met een PUL. Om tot dit consensus 
statement te komen werd een systematisch overzicht van de beschikbare literatuur 
verkregen en werden een reeks internationale bijeenkomsten georganiseerd. Er wordt 
voorgesteld om de eerste echografische bevindingen te classificeren in vijf categorieën: 
evidente buitenbaarmoederlijke zwangerschap, vermoedelijke buitenbaarmoederlijke 
zwangerschap, zwangerschap van onbekende locatie (PUL), vermoedelijke intra uteriene 
zwangerschap, en een evidente intra uteriene zwangerschap. Vrouwen met een PUL 
moeten worden gevolgd en de definitieve resultaten van de zwangerschap moeten worden 
gecategoriseerd als: gevisualiseerde buitenbaarmoederlijke zwangerschap, gevisualiseerde 
intra-uteriene zwangerschap, spontaan opgeloste PUL, en een persisterende PUL. Diegenen 
met de tijdelijke toestand van een persisterende PUL moet uiteindelijk worden aangemerkt 
als niet gevisualiseerde buitenbaarmoederlijke zwangerschap, behandelde persisterende 
PUL, spontaan opgeloste persisterende PUL, of een niet-vitale intra-uteriene zwangerschap 
bevestigd door histologie verkregen door curettage. De zorgvuldige definitie van de 
onderzochte populatie en de indeling van de verschillende uitkomsten van de zwangerschap 
moet de objectieve interpretatie van wetenschappelijk onderzoek optimaliseren, zodat 
objectieve vergelijking van reproductieve uitkomsten kan plaatsvinden. Dit zal uiteindelijk 
leiden tot een betere zorgverlening aan vrouwen met een PUL.
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In hoofdstuk 5 wordt de relatie tussen patiënt-gerelateerde risicofactoren en ernstige 
maternale morbiditeit bij vrouwen met een buitenbaarmoederlijke zwangerschap 
bestudeerd. Daarnaast worden de sub-standaard zorgfactoren in de klinische  praktijk 
geïdentificeerd. Er werd een case-control studie uitgevoerd. De “cases” waren vrouwen 
met een tubaire buitenbaarmoederlijke zwangerschap gecompliceerd door ernstige intra-
abdominale bloeding waarvoor een bloedtransfusie van ≥ 4 eenheden rode bloedcellen 
peri-of postoperatief noodzakelijk was. Controlepersonen waren vrouwen met een tubaire 
buitenbaarmoederlijke zwangerschap die hemodynamisch stabiel waren en operatief 
werden behandeld. Patiëntgebonden risicofactoren werden gedefinieerd als: leeftijd van de 
moeder, zwangerschapsduur, een eerdere buitenbaarmoederlijke zwangerschap, Chlamydia 
infectie, ontsteking van het kleine bekken (PID), geassisteerde voortplantingstechnieken, en 
serum hCG waarde. Sub-standaard zorg categorieën werden geclassificeerd als: niet alert 
zijn van de arts, het stellen van de verkeerde diagnose en het niet naleven van de nationale 
richtlijn over  buitenbaarmoederlijke zwangerschap. De resultaten lieten zien dat de patiënt-
gerelateerde risicofactoren niet van invloed waren op het voorkomen van een ernstige  
intra-abdominale bloeding bij vrouwen met een buitenbaarmoederlijke zwangerschap. 
Sub-standaard zorg werd vaker in de “cases” (43%) gevonden dan in de controlegroep (14%), 
voornamelijk ten gevolge van het stellen van de verkeerde diagnose. Er wordt geconcludeerd 
dat het alert zijn op de mogelijkheid van een buitenbaarmoederlijke zwangerschap bij jonge 
fertiele vrouwen zelf en bij zorgverleners en het naleven van de richtlijn belangrijk is om 
ernstige maternale morbiditeit te voorkomen.

Hoofdstuk 6 geeft de resultaten weer van een gerandomiseerd onderzoek dat de 
behandeling met systemisch methotrexaat vergeleek met expectatief beleid bij vrouwen met 
een buitenbaarmoederlijke zwangerschap of een PUL met lage en plateauende serum hCG 
waarden. Vrouwen werden gerandomiseerd tussen een behandeling met een enkele dosis 
systemisch methotrexaat of een expectatief beleid. Er werden 73 vrouwen geïncludeerd van 
wie er 41 werden toegewezen aan een enkele dosis methotrexaat en 32 aan een expectatief 
beleid. De primaire uitkomstmaat was een spontane ongecompliceerde daling van het 
serum hCG tot een niet-detecteerbare niveau (<2 IU/L) door de toegewezen strategie. 
Secundaire uitkomstmaten waren aanvullende behandelingen, bijwerkingen en de tijd tot 
adequate serum hCG daling. Het succes percentage van de behandeling met een enkele 
dosis methotrexaat was 76% en van expectatief beleid 59% (RR 1.3, 95% CI: 0,9-1,8). In de 
methotrexaat groep hadden negen vrouwen (22%) aanvullende methotrexaat behandeling 
nodig, vergeleken met negen vrouwen (28%) in de groep van aanvankelijk expectatief beleid 
(RR 0.8, 95% CI: 0,4-1,7). Een vrouw (2%) in de methotrexaat groep onderging een operatie 
in vergelijking met vier vrouwen (13%) in de afwachtende groep (RR 0.2, 95% CI: 0,02-1,7), 
allen aan de hand van buikpijn klachten in de eerste week van follow- up. In de methotrexaat 
groep meldde negen vrouwen bijwerkingen versus geen in de expectatief beleid groep. De 
conclusie van deze studie is dat een expectatief beleid een alternatief is voor behandeling 
met een enkele dosis systemisch methotrexaat bij vrouwen met een buitenbaarmoederlijke 
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zwangerschap of een PUL en lage en plateauende serum hCG waarden.

In hoofdstuk 7 werd het effect op de gezondheid gerelateerde kwaliteit van leven (HR-
QoL) onderzocht bij vrouwen met een buitenbaarmoederlijke zwangerschap of een PUL 
met lage en plateauende serum hCG waarden die werden behandeld met een enkele dosis 
systemisch methotrexaat of een expectatief beleid. Alle vrouwen die deelnamen aan de 
gerandomiseerde studie (hoofdstuk 6) kwamen in aanmerking voor de HRQoL metingen. 
De kwaliteit van leven werd gemeten middels verschillende standaard, zelf ingevulde, 
psychometrische vragenlijsten met bewezen betrouwbaarheid en validiteit: de Medical 
Outcome Study 36-Item Short Form Health Survey (SF-36), de Rotterdam Symptom Checklist 
(RSCL), en de Hospital Anxiety and Depression Scale (HADS). De vragenlijsten werden 
ingevuld vóór randomisatie, en 1 week, 4 weken en 12 weken na randomisatie. Er werd 
geen verschil gevonden in de kwaliteit van leven tussen de twee groepen. In het algemeen 
verbeterde de kwaliteit van leven in de loop der tijd en verbeterde de mentale gezondheid 
weer naar normaal 4 weken na de behandeling. De noodzaak tot aanvullende behandelingen, 
dat wil zeggenextra methotrexaat injecties voor onvoldoende dalend serum hCG of een 
chirurgische ingreep, had geen invloed op de kwaliteit van leven. Er wordt geconcludeerd 
dat de kwaliteit van leven vergelijkbaar is bij vrouwen met een buitenbaarmoederlijke 
zwangerschap of een PUL en lage en plateauende serum hCG waarden na behandeling met 
een enkele dosis systemisch methotrexaat of een expectatief beleid.

IMPLICATIES VOOR DE KLINISCHE PRAKTIJK

Bij vrouwen met milde klinische symptomen (vaginaal bloedverlies en/of lichte buikpijn) en 
een positieve zwangerschapstest in de urine is de eerste diagnostische stap het verrichten 
van een transvaginale echo. Bij een niet gevisualiseerde zwangerschap bij echografie, 
betreft het in ongeveer 30% een normale vitale intra-uteriene zwangerschap die te pril is 
om echografisch gedetecteerd te worden. Echter, de meeste vrouwen hebben een niet-
vitale zwangerschap: een miskraam of een buitenbaarmoederlijke  zwangerschap. Om 
de vroege intra-uteriene zwangerschap te onderscheiden van een buitenbaarmoederlijke 
zwangerschap moet gebruik worden gemaakt van de serum hCG ratio na 48 uur, hetzij 
op zich of in een logistische regressiemodel. De specifieke serum hCG afkapwaarde op 
basis waarvan de serum hCG follow-up wordt ingezet verschilt per lokaal protocol en 
kan afhankelijk zijn van de expertise van de echoscopist. Een suboptimale stijging van de 
serum hCG na 48 uur maakt een buitenbaarmoederlijke zwangerschap waarschijnlijk. De 
serum hCG ratio kan worden aangevuld met een serum progesteron bepaling aangezien 
een suboptimale stijging van het serum hCG ook, in een enkel geval, kan optreden in een 
vitale intra-uteriene zwangerschap. De progesteron  test kan worden toegevoegd aan de 
bestaande diagnostische algoritmen voor de evaluatie van een vroege zwangerschap om een 
vitale intra-uteriene zwangerschap uit te sluiten. Lage progesteron waarden kunnen worden 
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gebruikt in het counselen van vrouwen over het niet vitaal zijn van de zwangerschap, maar 
ontslaat vrouwen niet van verdere follow-up aangezien het serum progesteron niet helpt in 
het bepalen van de locatie van de zwangerschap.

Vrouwen zonder klachten die niet zeker zijn over hun zwangerschapsduur of die zich 
zorgen maken over hun zwangerschap na een voorgeschiedenis van subfertiliteit of 
eerdere vroege zwangerschapscomplicaties, kunnen een vroege echo aanvragen. Men 
moet steeds afwegen dat deze vrouwen de kans lopen om te worden gediagnostiseerd met 
een mogelijke buitenbaarmoederlijke zwangerschap, terwijl de zich ontwikkelende intra-
uteriene zwangerschap simpelweg te klein is om te visualiseren op de echo. Vroege echo’s 
kunnen dus leiden tot nog meer onzekerheid, meer vervolg echo’s en serum hCG metingen 
zonder evidente gevolgen voor de behandeling.

Voor de behandeling van een buitenbaarmoederlijke zwangerschap met een lage en 
plateauende serum hCG waarde is een expectatief beleid een alternatief voor behandeling 
met een enkele dosis systemisch methotrexaat. Zestig procent van de vrouwen met een 
zichtbare buitenbaarmoederlijke zwangerschap en serum hCG <1,500 IU/L of vrouwen met 
een PUL en serum hCG <2,000 IU/L heeft een ongecompliceerd klinisch beloop met een 
spontane daling van het serum hCG na expectatief beleid. Dit betekent dat methotrexaat, 
een potentieel schadelijk medicijn, niet primair hoeft te worden gegeven in deze vrouwen.

IMPLICATIES VOOR TOEKOMSTIG ONDERZOEK

De optimale strategie voor de diagnose van een buitenbaarmoederlijke zwangerschap 
middels transvaginale echo, serum hCG ratio, serum progesteron en, eventueel, de 
histopathologische uitkomst na curettage moet nog worden bepaald. Om dit te doen, 
zijn goed gedefinieerde prospectieve vergelijkende studies nodig die gebruik maken van 
gestandaardiseerde diagnostische categorieën en klinische definities van de uitkomst van 
de zwangerschap.

De diagnose en behandeling van een buitenbaarmoederlijke zwangerschap en de PUL is 
enigszins verweven met de implementatie van een afwachtend beleid. Zo kunnen vrouwen 
worden gediagnosticeerd met persisterende PUL na een initieel afwachtend beleid 
en vervolgens een indicatie hebben voor behandeling met systemische methotrexaat. 
Onlangs is een multicenter internationale gerandomiseerde studie gestart om de optimale 
behandeling voor vrouwen met persisterende PUL te onderzoeken. Het is een 3-armige 
studie waar randomisatie zal plaatsvinden tussen 1) curettage gevolgd door systemische 
methotrexaat (2-dosis schema) in geval van afwezigheid van trofoblast weefsel, 2) 
behandeling met systemisch methotrexaat of 3) een expectatief beleid (1).
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Ten aanzien van de behandeling van een buitenbaarmoederlijke zwangerschap is meer 
onderzoek nodig om te bepalen of expectatief beleid net zo succesvol is als systemisch 
methotrexaat. Dit kan alleen worden onderzocht door een non-inferiority of een superiority 
studie met een kleiner verschil tussen de studiegroepen dan de 30% verschil in behandel 
effect dat we in onze gerandomiseerde studie hadden geaccepteerd. Voorts moet er 
rekening worden gehouden met de mogelijke bijwerkingen van methotrexaat, alsmede 
het advies van adequate anticonceptie ten minste drie maanden na de behandeling met 
methotrexaat in verband met de teratogeniciteit.

Voor het identificeren van de vrouwen die veilig expectatief kunnen worden behandeld met 
een minimaal aantal vervolg bezoeken en aanvullende onderzoeken is nog verdere fine-
tuning nodig. Gezien het succespercentage van expectatief beleid van zestig procent, blijft het 
een uitdaging om de gunstige prognostische factoren te specificeren voor een afwachtend 
beleid. Prognostische factoren kunnen verschillende afkapwaarden van een serum hCG ratio 
of progesteron waarde zijn. In onze gerandomiseerde studie, was het aantal geïncludeerde 
vrouwen te klein om een subgroep analyse te verrichten. Momenteel lopen er twee 
vergelijkbare studies in het Verenigd Koninkrijk en Australië die een enkele dosis systemisch 
methotrexaat met expectatief beleid vergelijken (2, 3). Deze placebogecontroleerde 
onderzoeken hebben dezelfde hypothese, inclusiecriteria en uitkomstmaten. Meta-analyse 
en subgroep analyse van de resultaten van deze studies, inclusief de onze, kunnen richtlijnen 
geven over de huidige management dilemma’s bij vrouwen met een buitenbaarmoederlijke 
zwangerschap of een PUL met lage en plateauende serum hCG waarden.

De bovengrens van het serum hCG concentratie voor een succesvol expectatief beleid moet 
nog worden gedefinieerd. In onze gerandomiseerde studie hanteerden we een bovengrens 
van serum hCG concentraties tot 2000 IU/L, aangezien het lokale protocol boven deze 
waarde een chirurgische behandeling indiceerde. Het is echter mogelijk dat vrouwen met 
hogere serum hCG waarden ook expectatief kunnen worden behandeld. Bovendien moet 
toekomstig onderzoek zich richten op de definitie van succesvol expectatief beleid. Omdat 
expectatief beleid nooit eerder in een gerandomiseerde setting werd geëvalueerd, kozen we 
een relatief veilige definitie van afwachtend beleid gedurende één week na randomisatie. 
De veilige duur van een afwachtend beleid (dat wil zeggen de definitie van persisterende 
PUL) moet verder worden onderzocht.

Uiteindelijk is de meest informatieve, maar tevens uitdagende studie opzet een cohort 
studie waarin alle asymptomatische vrouwen die gediagnosticeerd worden met een 
buitenbaarmoederlijke zwangerschap expectatief worden behandeld en alleen voor 
persisterende serum hCG waarden na een bepaalde periode methotrexaat wordt gegeven 
en te opereren bij vrouwen met klinische tekenen van dreigende tuba ruptuur.
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Lieve vrienden en vriendinnen, bedankt dat jullie me bij elke mijlpaal langs de kant 
aanmoedigen en aan de finish staan om me op te vangen. Zonder jullie zou het maar saai 
zijn! Er komt nu meer tijd om met jullie te genieten en mooie momenten te beleven.

Lieve familie, veel dank voor jullie liefde, steun en interesse voor mijn werk en promotie. Na 
ons huwelijk en de geboorte van Mara, nu binnen anderhalf jaar de derde mijlpaal op een 
rij. Gelukkig zijn jullie altijd wel te porren voor een feestje! 

Bart, de METEX trail is gelopen, het vlaggetje gepland. Dank voor je geduld en vertrouwen, 
je bent mijn steun en toeverlaat! Nu kunnen we weer nieuwe paden uitzetten, ik verheug 
me op onze volgende avonturen. Hou zielsveel van jou en onze prachtige dochter.
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